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ABSTRACT 

Existing empirical evidence on agricultural supply response is very mixed, ambiguous and 

generally assumed to be inelastic. This study develops an econometric framework to test the 

hypothesis that supply is inelastic and extend our understanding of field-crop farmers’ 

resource allocation decisions, within the context of structural change in the past four decades. 

This thesis research provides new estimates and a perspective on the agricultural supply 

response in South Africa following the agricultural policy reforms initiated from the early 1980s, 

through the 1990s and the 2000s. Using time series data for the period 1970–2012, this study 

employed a vector error correction model and co-integration to assess the responsiveness of 

field-crops farmers to price and non-price factors. These techniques provide a more intuitive 

way of modelling the optimisation and rational behaviour of farmers, and the important field 

crops used for this study are maize, sugar cane, wheat, sorghum and barley. 

Furthermore, the study provides innovative/beneficial insights on the role of exchange rate 

volatility on agricultural supply response and trade flows. This is achieved by estimating an 

exchange rate volatility measure through using an exponential autoregressive conditional 

heteroscedasticity (EGARCH) technique on South African exchange rate annual time series 
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data for period 1970–2012. The computed exchange rate volatility measure was used to 

capture production risk and trade flow effects. 

The results from study indicate that supply response is high and positive in the long run, with 

the exception of sugar cane, which has a very low supply response, as non-price factors are 

more important. The estimated price elasticities in the short run are maize (0.15), wheat (0.45), 

sugar cane (0.02), barley (0.04) and sorghum (0.45), while in the long run, the price elasticities 

are maize (0.67), sugar cane (0.02), and barley (1.0), respectively. Furthermore, the results of 

the aggregate supply are 0.78 in the short run and 1.0 in the long run. These results confirm 

the preponderance of econometric evidence from the empirical literature review that supply 

response is high and elastic. 

The study further identify the important factors influencing agricultural supply response in 

South Africa, which are producer prices, intermediate input prices, price of 

substitute/complementary crops, yield, exchange rate volatility, climate (drought) and 

agricultural policy. For the aggregate supply model, they are gross capital formation, price of 

farm requisition, exchange rate volatility and agricultural policy. Besides price, the study further 

identify other non-price factors such as yield, drought, and agricultural policy as other 

important factors. 

The findings of this study are significant in terms of model specification (methodology) and 

policy implications in terms of government intervention and effective policy implementation. 

Failure to address the problem of effective policy implementation would lead to sub-optimal 

performance in the agricultural sector. Furthermore, the differences in the crop-specific supply 

elasticities support a differentiated agricultural policy, rather than a one-size fits all centralised 

agricultural policy. At the same time, policy choices have to be made based on empirical, 

cutting-edge research on how to maintain increasing productivity, investment and 

competitiveness of the field-crop industry. However, solace is provided by the new economic 

growth theory, suggesting that a country’s comparative advantage is in a “knowledge–capital 

base”, as opposed to the classical theory of relying on natural resource endowments alone. 

There are still ample opportunities for agriculture in South Africa. 

Future research should explore applying vector error correction models to other sector-specific 

analyses, such as for the livestock, horticulture and vegetable industries, by using time series, 

panel and cross-sectional data. 
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CHAPTER 1: INTRODUCTION 

1.1 INTRODUCTION  

South African agriculture is highly developed when compared with other countries in Sub-

Saharan Africa. According to the International Trade Administration Commission (ITAC, 

2018), the main farming activities consist of field crops (maize, sugar cane, wheat, barley, 

sorghum, canola and sunflower); livestock (cattle, dairy, hogs, sheep, poultry and eggs); and 

horticultural production (deciduous and subtropical fruits, citrus, apples and grape) that are 

suited to diverse climatic conditions. 

Of the total surface area of approximately 122 million hectares in South Africa, only 14% is 

arable and approximately 1.3 million hectares is under irrigation for agricultural cultivation. 

Rainfall is less than adequate, erratic, unevenly distributed and unreliable. According to Vink 

and Van Rooyen (2009), about 91% of the country can be classified as arid, semi-arid and dry 

sub-humid, and South African soils are generally considered to have low fertility.  

Agriculture is the bedrock of the South African economy, apart from the mining, manufacturing 

and service sectors. The mining, manufacturing and service sectors contributed 7.9%, 25.9% 

and 61.5%, respectively, to the gross domestic product (GDP) in 2017, while the share of 

primary agriculture was 2.3% (Stats SA, 2018a). Nonetheless, it is still a major foreign 

exchange earner, and according to (DAFF, 2010), about six million people derived their 

livelihood from agricultural sector. The secondary agriculture and the food-retailing sector 

contribute a significant component of total manufacturing value added, as well as employment 

opportunities. The average contributions of this sector to output, employment, and value 

added of the manufacturing sector were 18.2%, 18% and 19.8%, respectively, during 2012–

2014 (ITAC, 2016). 

Furthermore, according to DAFF (2017b), agriculture contributed R94 108 million to the GDP 

in the 2016/17 production season, and the primary agricultural sector grew by 2.6% per 

annum, on average, since 1994, while the total economic growth was 3.3% per annum over 

the same period, resulting in a decline of agriculture’s contribution to the GDP from 4.6 % in 

1994 to 2.4% in 2016. Table 1.1 below, illustrates the contribution of agriculture to total value 

added at basic prices over the past 30 years. Although the contribution of agriculture has been 

growing in monetary terms over the years, it has been decreasing in the past 30 years as a 
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percentage of the total value added. As seen in Table 1.1 below, the average share of 

agriculture’s contribution to the economy in 1977 was 7%, and by 1990, it had significantly 

reduced to 3.6%, and to 2.4% in 2016. 

The South African agricultural sector has strong ties with the other sectors of the economy. 

Production goods used in agriculture, such as chemicals, machinery and equipment, form 

backward connections with the manufacturing sector, while forward links are established 

through the supply of raw materials to the economy. About 70% of agricultural products are 

used as intermediate goods and this implies considerable value added to the economy. 

Hence, agriculture is a crucial sector and an important engine of growth for the rest of the 

economy. 

 

Table 1.1: Contribution of agriculture to South African economy 

Period 
Total value added 

(R) million 

Contribution of 
agriculture to value 
added (R) million 

Contribution of 
agriculture as % of total 

value added (%) 

1977-1981 48,571  3,084  6.3 

1982-1986 105,836  5,207  4.9 

1987-1991 232,572  11,697  5.0 

1992-1996 448,162  18,526  4.1 

1997-2001 761,470  27,358  3.6 

2002-2006 1,292,966  41,224  3.2 

2007-2011 2,243,935  62,446  2.8 

2012-2016 3,402,526  81,352  2.4 

Notes: data represent 5-year averages (e.g. 1977–1981) 

Source: DAFF (2017a) 

The field crop sector has an important role to play in securing food security in South Africa 

and in contributing to the well-being of the economy. Maize is the largest field crop and the 

major staple food crop (as a source of carbohydrates) in the SADC region for human and 

animal consumption. According to SAGIS (2018a), South Africa consumes about 10.8 million 

tonnes of maize per annum. Hence, the production and sustainability of the field crop sector 

contribute to the livelihoods of millions of people, in terms of staple food and income 

generation in South Africa. According to DAFF (2018b), the field crop sector contributed about 

21.7% to the gross value of agricultural production in 2017. The most important field crops 

cultivated in South Africa over the past five production seasons (2012/13–2016/17) include 

maize (47%), sugar cane (13%), wheat (10%), sunflower seed (6%), barley (1.5%) and 

sorghum (0.8%). However, according to DAFF (2010), South Africa has comparative 
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advantage in the production of maize and sugar cane, but is below average in the production 

of wheat. Hence, it is a net importer of wheat.  

Food security can be regarded as a situation where both physical and economic access to 

food is ensured for each individual household, in both the short and long term. Although South 

Africa is currently food secure at the national level, about 1.7 million households, representing 

21% of South African households, had inadequate access to food in 2017 and more than 60% 

of these households are found in urban areas (StatsSA, 2018b). According to the Economist 

Intelligent Unit (EIU, 2017), South Africa is regarded as the most food-secure country on the 

African continent and is ranked in 44th position out of 133 countries, worldwide, based on the 

Global Food Security Index. The index captures the most critical aspects of food security, 

namely affordability, availability, quality and safety. 

Agriculture in South Africa has been undergoing structural changes since the 1980s, which 

became more pronounced as from the early 1990s. According to Vink (2003), the current 

policy regime includes land reform programmes; marketing, trade labour reforms; a Water Act 

policy; and agricultural institutional restructuring. All these policy reforms, according to Vink 

and Kirsten (2003), are intended to make corrections for the past dualistic agricultural policy 

and to make the agricultural sector more competitive.  

Dualism within the context of South Africa’s agricultural policy refers to the policy of 

segregation, suppression and support for white commercial agriculture that endured from 

1948 to 1994 (Ortmann & King, 2006; Brand, Christodoulou, Van Rooyen & Vink, 1992; Lipton, 

1977). This has resulted in the distortions in South Africa’s rural spatial landscape between 

black and white farmers, within commercial designated areas, and within the traditional 

communal areas. In addition, the agricultural sector, according to Liebenberg (2013), has over 

the past decades been substituting capital for labour in its production decision making because 

of availability of cheap capital items, such as tractors and combine harvesters, and other fiscal 

incentives such as tax and credit policies.  

Several policy changes (market deregulation, labour legislations, AGRIBEE and land 

redistribution) have recently taken place within the field-crop sector in South Africa, which may 

be reflected in a supply response analysis. The concept of ‘supply response’ refers to the 

degree of behavioural responsiveness of farmers to changes in output price and other non–

price factors (Mamingi, 1996). Supply response analysis is dynamic in agriculture and different 

from supply function which is static. 
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The degree of responsiveness of producers to changes in price for a particular product is 

measured by own-price elasticity of supply. Own-price elasticity of supply can be defined as 

the proportionate change in quantity supplied due to a percentage change in its price 

(Nicholson & Snyder, 2008). Supply response is significantly and positively affected by price 

and non-price factors, and non-price factors such as climate change, improved technology, 

irrigation, road networks are more sensitive than price factors are (Mamingi, 1996, 1997; 

Binswanger, Mundlak, Yang & Bower, 1987). The literature review section in Chapter 2 

provides a detailed analysis of supply and supply response. 

The importance of the agricultural sector for economic development and the nature of 

agricultural production with its biological constraints, such as cropping seasons, livestock 

gestation periods, lead time to bring land into use, together with the negative impact of 

imperfect markets and uncertainty (exchange rate volatility), requires government to formulate 

appropriate pricing policies to stimulate agricultural production (Griffith, Anson, Hill & Vere, 

2001; Mamingi, 1997; Askari & Cummings, 1977). 

Thus, there is a need to obtain current values of the supply response of South African farmers 

in a changing macro-economic environment. Several authors in the development literature 

over the past 50 years (Sadoulet & De Janvry 1995; Binswanger, 1990; Behrman, 1968) have 

raised the issue of providing the right price incentives to increase agricultural supply. Other 

studies also argue that, to increase supply response, a combination of prices, provisions of 

inputs and public support policy are a prerequisite (Schiff & Montenegro, 1997; Delgado & 

Mellor, 1984). 

There is generally no consensus on the precise role and impact of agricultural policies in 

developing countries on the supply response of subsistence agriculture, partly due to the lack 

of farm-level analysis data (Abrar, Morrissey & Rayner, 2004). Within this context, it is 

essential to assess the price impact and to ascertain the extent to which the adopted policies 

affect the production of agricultural commodities, as well as what constraints militate against 

supply response, and how reliable supply estimates are for predicting efficient resource 

allocation. All these constitute the objectives of this study. 

1.2 PROBLEM STATEMENT 

Previous supply response studies in South Africa indicate that farmers respond positively to 

prices (producer price, prices of inputs, and price of substitute products) and non-price factors 
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such as technology and climate (Shoko, Chaminuka & Belete, 2016; Ogundeji, Oyewumi & 

Jooste, 2011; Abbott & Ahmed, 1999; Schimmelpfennig, Thirtle & Van Zyl, 1996; Van Zyl, 

1991). However, the supply elasticities estimates are generally low, and comparison across 

the board is not feasible due to the differences in model specifications and methods used. 

However, since supply response exhibits a pattern of rising responsiveness and elasticity 

estimates increase with time horizon, there is a need to ascertain the current supply response 

estimates in order to guide policy makers and agricultural stakeholders; hence the need for 

this study. 

The empirical evidence from previous supply response studies further reveals several 

developments that have been made over time in applied econometric methodology. However, 

there are still several constraints and issues in modelling agricultural supply response analysis 

(Albayrak, 1998; Mamingi, 1996; Askari & Cummings, 1977; Nerlove, 1961; Bachman, 1961). 

There is a question of price expectation formation in supply response analysis. The 

specification of supply response is based on variables and structures that are expected to 

exist in the future, and the predicting of a future supply relationship is based on the observed 

relation that existed in the past, which may lead to problems in specifying farmers’ 

expectations (Omezzine & Al-Jabri, 1998). Nerlove (1958b) used a form of distributed lags of 

past prices to capture a farmer’s price expectations. Nevertheless, the lag structure in 

agricultural production is not homogeneous, as it varies from one crop type to another. This 

issue is critical in explaining aggregate output (Mamingi, 1996). 

For instance, in an estimated supply response model, it is sometimes difficult to interpret 

whether adjustment or expectation is taking place, if both the expectation coefficient and the 

adjustment coefficient are equal to one (see Mundlak, 1985). Price expectation itself can also 

change as a result of external shocks, such as drought, wars and changes in agricultural price 

policy. 

In supply response analysis, several proxy variables are used to capture prices (in the form of 

support prices, prices received by farmers, and farm-gate prices) as explanatory variables. 

Different prices have been used in various studies (Askari & Cummings, 1977). Other studies 

(Mushtaq & Dawson, 2002; Mshomba, 1989) have included expected yields and production 

costs, but farmers consider other factors than only expected prices when making decisions on 

planting strategies to maximise profits. Hence, in modern day farming, it will be more desirable 
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to include explicitly yield and cost variables in model specification, as prices alone do not serve 

as a proxy for net returns (Tomek & Robinson, 1990). 

The disparities in yields, prices and production cost growth, over time, favour expected net 

returns over expected prices for use as an explanatory variable in an area planted supply 

response (Albayrak, 1997). However, production costs and yields differ widely between 

production regions as a result of the spatial nature of agricultural production, and for a 

particular crop in terms of farm sizes, cost structure and producers’ behaviours. 

The effects of exchange rate movements have not been given adequate attention in most 

agricultural supply response studies (Mamingi, 1996). Nevertheless, exchange rates affect 

crop supply responses, generally, through their effect on price incentives. Agricultural price 

incentives are influenced by macro-economic policies such as exchange rate policies, trade 

and marketing policies, fiscal policies, and policies directed towards capital movements. 

These policies, according to Jaeger and Humphreys (1988), affect a farmer’s real income and 

the terms of trade between rural and urban areas, as well as the terms of trade between 

agriculturally tradable and non-tradable goods.  

Furthermore, the complex nature of agricultural production and its dependence on other 

sectors of the economy involve a relatively high number of variables to be included in the 

supply function. However, data limitations, especially regarding public investment on irrigation 

projects, unit cost per crop, and other important variables such as e.g. research spending and 

technological innovation that affect supply response, mean that these factors have been 

excluded in many studies (Mamingi, 1997; Hallam, 1990).  

Supply response is also affected by a multitude of important non-price factors that are usually 

omitted, such as consumption level of inputs, increasing use of high-yielding seeds, extension 

services, credit facilities, weather (rainfall and temperature), and soil quality. Agricultural 

output is dependent on the level of private investment in agriculture and one would expect 

credit to be an important factor in a supply response analysis, but this is not the case because 

of the unavailability of historical time series data. 

Finally, many previous studies have attempted to test for the supply response to risk by 

including ad hoc empirical measures of risk and have reported some evidence of negative 

supply response. However, there is no satisfactory approach to this problem and to all the 

other constraints and issues mentioned earlier. This study, therefore, addresses some of the 
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issues raised, and in Chapter 3 of this study, critically examines the factors that affect the 

supply response of the major field crops in South Africa, namely maize, barley sorghum, wheat 

and sugar cane.  

1.3 RESEARCH HYPOTHESES 

This study is motivated by the aim to use a less restrictive approach to the estimation of supply 

response in order to test the following hypotheses that have been raised by several authors 

(Behrman, 1968; Binswanger, 1990; Sadoulet & De Janvry, 1995), as noted in the literature 

review:  

 Agricultural supply is positively affected by own price (own price elasticity of supply 

indicates the extent or degree to which producers are willing to expand or contract 

output over different periods, as the price of the product rises or falls, and it is 

measured as a movement along the supply curve). 

 Prices of substitute crops can affect supply either positively or negatively, depending 

on the direction and magnitude of the price movements. 

 Price incentives affect agricultural production positively or negatively, depending on 

price policy regime. 

 Non-price factors such as improved technology, yield, real exchange rate and 

favourable climatic conditions can lead to higher agricultural growth, and these 

factors seem to dominate price factors in farmers’ decision making. 

In addition to the above, this study also aims to test the hypothesis that exchange rate volatility 

has a negative impact on agricultural production and trade flows. 

1.4 OBJECTIVE OF THE STUDY 

The main objective of this study is to determine the responsiveness of South African field crop 

farmers to changes in market prices and non-price factors. The objective is achieved by 

specifying and estimating area planted supply response models for maize, wheat, sugar cane, 

barley and sorghum, and one aggregate supply model for South Africa, by using co-integration 

and vector error correction techniques.  
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1.4.1 Specific objectives 

In order to accomplish the main objective of the study; the following specific objectives were 

identified:  

i. To estimate the degree of crop-specific supply elasticity that reflects the ability of 

agriculture to adjust in response to price changes and other macro-economic factors, 

in the short and long run, for maize, wheat, sorghum, barley, and sugar cane, and at 

aggregate level in South Africa. The prior expectation is that crop supply elasticity is 

positive and inelastic. 

ii. To estimate area planted supply response models and aggregate supply for selected 

field crops by using a co-integration and vector error correction model (VECM). This is 

motivated by taking cognisance of the limitations of the partial adjustment model 

developed by Nerlove (1958a), which does not distinguish between short-run and long-

run elasticities. Moreover, the Nerlove model uses integrated (non-stationary) series, 

which poses the danger of generating spurious regression results, and adjusts 

production to a fixed target supply, whereas it is considered unrealistic to adjust actual 

supply to such a target under dynamic conditions (Hallam & Zanoli, 1993). The 

appropriateness of the VECM approach for modelling long-run and short-run 

relationships between integrated series, with co-integration providing the empirical 

counterpart of the theoretical notion of a long-run relationship, reinforces this 

motivation. 

iii. To identify the exogenous factors, which influence supply response, that are to be used 

in the developed supply response model. 

iv. To investigate the role of exchange rate volatility in agricultural products and estimate 

an exchange rate volatility measure that can be used as a risk factor in the supply 

responses of producers and exporters in South Africa by using an exponential 

generalised autoregressive conditional heteroscedasticity (EGARCH) process. The 

motivation for using the EGARCH approach arises from its computational flexibility, 

and its ability to fit the data series perfectly and to account for leverage effects without 

predicting negative variance, as compared with pure generalised autoregressive 

conditional heteroscedasticity (GARCH) technique. 
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v. To compare the findings of previous agricultural supply response studies in South 

Africa with results from this study. 

vi. To derive various policy recommendations in light of the estimated parameters and 

industry analyses of the field crop sectors. 

vii. And finally, to indicate future data requirements and research directions in agricultural 

supply response studies in South Africa, given the current data limitations and the need 

to create an agricultural data bank for research purposes. 

1.4.2 Methodological Approach 

The theory of production suggests that there are three major approaches that could be used 

to estimate agricultural supply response to price and non-price incentives, namely the direct 

reduced method based on the Nerlove (1958a) and Griliches (1960) models, co-integration 

and error correction analyses, and a dynamic general equilibrium approach. Each of these 

methods has its own merits and demerits. This study uses the estimation procedure of co-

integration and vector error correction models, and this approach does not impose any 

restrictions on the short-run behaviour of prices and quantities (Thiele, 2000). 

To achieve the first of the specific objectives noted in Subsection 1.4.1, the technique relies 

on the theoretical background of what “supply” implies in this context. It represents the 

behaviour of producers or sellers as it relates to price and other non-price factors (Mamingi, 

1997). The concept allows for the exploration of the effects of price movements on output 

supply, and a comprehensive supply response literature review is undertaken in Chapter 2. 

This is needed to provide a theoretical basis for the econometric analysis and to uncover the 

gaps in the literature. 

The second and third objectives are achieved by developing a VECM model that will take into 

consideration the complex nature of agricultural production. This is linked to an in-depth 

analysis of the field crop sector that is undertaken to understand the structure of value chain 

processes and policy environment, and to identify the exogenous variables and their 

interactions in the developed supply response model described in Chapter 4, Section 4.6. 

The fourth specific objective is achieved by estimating an exponential generalised 

autoregressive conditional heteroscedasticity (EGARCH) model for an exchange rate volatility 
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measure that is subsequently used as a risk factor in the supply response model. Relevant 

literature is reviewed and the exchange rate volatility captures the impact of international 

macro-economic linkages with the domestic production, and pricing and trade 

(imports/exports) of the field crops under consideration. No previous study in South Africa has 

been conducted to test the impact of this hypothesis on supply response of farmers.  

Finally, objectives v, vi and vii are achieved by conducting unit root tests on the data series to 

determine the level of co-integration of the variables used in the models. This is done to 

address the non-stationary problems associated with time series data in supply response 

analysis, which has been mostly neglected in some of the previous studies (Shoko et al. 2016; 

Van Zyl, 1991). Thereafter, six vector error correction models (VECM) are estimated. The 

results will expand the supply elasticity estimates for comparison across diverse studies and 

agricultural price policy formulation, thereby making it easier to assess the validity of earlier 

results. 

Estimation problems arising from the complexity of the models are anticipated and the 

necessary diagnostic tests and coping strategies are devised. Five crop-level supply response 

functions for maize, barley, wheat, sorghum, and sugar cane, and one aggregate supply 

model, were estimated by using VECM and co-integration procedures. Time series data for 

the period 1970–2012 is used to derive the price elasticities estimates and to determine the 

key factors that induce the current supply responses of field crops in South Africa, and to 

ascertain the direction and magnitude of the supply responsiveness of farmers to prices and 

non-price factors.  

The various items of data used for this study were obtained from National Department of 

Agriculture (DAFF), the South African Grain Information Service (SAGIS), the South African 

Sugar Cane Association (SASA), Statistics South Africa (Stats SA); the South African Reserve 

Bank (SARB); the South African Weather Bureau Services; the United Nations Food and 

Agricultural Organisation (UN-FAO Stats), and the United States Department of Agriculture 

(USDA). 

1.5 RESEARCH GAP AND STUDY CONTRIBUTIONS 

Previous agricultural supply response studies (Shoko et al., 2016; Ogundeji et al., 2011; 

Abbott & Ahmed, 1999; Schimmelpfennig et al., 1996; Van Schalkwyk & Groenewald, 1993; 

Van Zyl, 1991) in South Africa provide important estimates with regard to supply elasticities at 
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different periods of time. These studies reveal a positive supply response to prices and non-

prices factors, but the degrees of price elasticity estimates differ from one study to another. In 

general, the long-run price elasticity values are higher than those in the short run are (Ogundeji 

et al., 2011; Abbott & Ahmed, 1999; Schimmelpfennig et al., 1996; Van Schalkwyk & 

Groenewald, 1993). These studies further indicate the main determinants of supply response 

in South Africa as being own-price, prices of substitute products, input costs, and climate. 

However, some of these studies also revealed certain methodological shortcomings (Shoko 

et al., 2016; Van Schalkwyk & Groenewald, 1993; Van Zyl, 1991), such as missing data and 

model specification errors in the form of multi-collinearity and serial correlation problems. The 

use of Ordinary Least Square (OLS) regression, without proper treatment of the data series, 

usually presents these problems, since the addition or elimination of one variable in the 

explanatory set may have a marked difference on the estimated parameters of the other 

variables. Furthermore, the methodological problem is the result of differences in the level of 

disaggregation assumed for the production system, the definition of the variables adopted, the 

type of data from which the elasticities were evaluated, the sample period covered, and the 

estimation techniques. 

In most cases, elasticity values do vary from time to time, depending on the prevailing factors 

and policy environment. According to Liebenberg (2013), DAFF (2012), Vink and Van Rooyen 

(2009) and Organisation for Economic Co-operation and Development (OECD 2006), there 

have been major changes in field crop industry market structures and performances over the 

past decades (starting from the early 1980s) and several agricultural policy transformations 

have taken place. It is therefore imperative to utilise estimates that are more current when 

applying these elasticities to current policy or research and development analysis. 

In addition, some of the previous supply response studies in South Africa were beset with the 

problem of spurious regression and lack of adequate treatment of the time series data (Shoko 

et al. 2016; Van Zyl, 1991). Problems associated with spurious regression arise if time series 

data are not stationary and where there is no economic relationship between two variables, 

although OLS regression seems to present meaningful results when these two problem areas 

are present. Times series can be defined as a sequence of measurements of the same 

variable collected over various time intervals (Gujarati 2003; Greene 2002). Times series data 

pose serious problems if not properly treated and made stationary, as most economic time 

series data have a unit root problem. 
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In addition, most of the previous studies do not take into account the effect of structural 

change/breaks (Abbott & Ahmed, 1999; Schimmelpfennig et al., 1996) on their model 

specification, and this can brings about inconsistency in the estimated results. The thrust of 

the structural break hypothesis is that parameters estimated from an econometric model are 

dependent on the policy prevailing at the time the model was estimated and will change if 

there is a policy change, i.e. the estimated parameters are not invariant in the presence of 

policy changes (Lucas, 1976). Therefore, this study aimed at contributing to the efforts to fill 

the gap by estimating the supply response of farmers in resource allocation in South Africa, 

taking into consideration structural changes in the data-generating process. 

There is also the dearth of studies on aggregate supply response in South Africa. There is 

only one study (Van Schalkwyk & Groenewald, 1993) and there has been no study, to-date 

that models exchange rate volatility as an explanatory variable in supply response analysis. 

However, the current study uses co-integration and vector error correction models to mitigate 

the defects in some of the previous studies, as VECM and co-integration techniques can 

model the relationships between integrated series with the use of diagnostic tests that can 

resolve problems of non-stationary data, multi-collinearity, autocorrelation and spurious 

regression. Furthermore, the inclusion of structural break dummy variables to capture 

agricultural policy regime/weather effects has added to the robustness of the model 

specification and validation in this study. 

The main objective of this thesis is to correct all these shortcomings, and will extend beyond 

previous studies by using datasets beyond 1994. It will focus on a country-level study of five 

important field crops, and one aggregate supply function, in South Africa to uncover the current 

subtle interactions between the crops and the factors limiting supply response.  

This study shall make the following main contributions. Firstly, this study will be one of the 

most theoretically consistent time series data analyses of supply response that have 

undertaken in South Africa. Previous studies related to supply response in South Africa (Shoko 

et al., 2016; Ogundeji et al., 2011; Abbott & Ahmed, 1999; Poonyth, Hassan & BenBelhassen, 

2001; Schimmelpfennig et al., 1996) differ in terms of methodology. These authors used either 

OLS regression or error correction models or co-integration to investigate the supply 

responses of one or two products/livestock. In contrast, this study uses a vector error 

correction approach with co-integration to analyse five major field crops, and one aggregate 

supply model to capture farmers’ supply responses.  
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Some of the related consistent studies of supply response found in South Africa that used an 

error correction model variant or co-integration approach are Ogundeji et al. (2011); Abbott 

and Ahmed (1999); and Schimmelpfennig et al. (1996). However, two of these studies (Abbott 

& Ahmed, 1999 and Schimmelpfennig, et al., 1996) used time series data that was collected 

prior to 1996. Clearly, such data analyses do not capture post-deregulation (1996 onwards) 

development in the agricultural sector, as discussed in the Chapter 3 of this study. 

Unlike most previous supply response studies in South Africa, this study is different in that it 

uses a vector error correction model approach with co-integration, which has been rarely used 

in studies on South African datasets. Hence, this study adds to the field of literature 

(methodology) on field crop analysis, which has never been done previously and therefore 

contributes to the knowledge base. This is achieved by explicitly testing the time series 

properties of area planted, producer prices, price of substitute crops and macro-economic 

variables for maize, wheat, barley, sorghum and sugar cane in South Africa for unit root and 

long-run co-integration relationships to discover farmers’ supply responses. The estimated 

supply elasticities shall complement the validity of the results of previous studies. 

Secondly, this study shall contribute to our understanding of empirical evidence on agricultural 

supply responses and the role of international macro-economic linkages and trade effects 

through the inclusion of an exchange rate volatility measure into the VECM models, using 

South African field crops data series. No previous studies have conducted such research on 

supply response in South Africa. 

Thirdly, this study is the first study to apply a vector error correction approach to South African 

data series on the supply response of farmers. This contributes to knowledge by embracing 

the time series data from the pre- (1980s) and post-reform (1990s and 2000s) periods to 

estimate a time-varying parameter model, where the structural change effect on the field crop 

sectors is captured in South Africa. 

In conclusion, this study shall provide new perspectives on supply response analysis, and will 

facilitate the designing of innovative policy measures, such as regulations and further 

interventions for the agricultural sector to mitigate market failures and harmful externalities 

(Schiff & Montenegro, 1997; Delgado & Mellor, 1984). Furthermore, future data requirements 

and future research areas in supply response study will be recommended. 
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1.6 MOTIVATION FOR THE SELECTION OF CROPS 

The motivation for the choice of the selected field crops (maize, wheat, sugar cane, sorghum 

and barley) for this study is based on five pillars of economic development. Firstly, the relative 

importance of these crops as sources of staple foods renders their selection obvious. 

According to ITAC (2018), maize is the largest staple food crop and important source of 

carbohydrates in the Southern African Development Countries (SADC) region for human and 

animal consumption, and South Africa consumed about 10.8 million tonnes in 2017 (SAGIS, 

2018a). 

Secondly, the field crop sectors (maize, wheat, barley, sorghum and sugar cane) comprise 

one of the largest agricultural industries in South Africa, contributing more than 45% to the 

total gross value of agricultural production in 2017 (DAFF, 2018b). On average, the 

percentage contributions of each of these crops to gross value of production are: maize (47%); 

sugar cane (13%); wheat (10%); barley (2%); and grain sorghum (1%), as measured in 2017. 

Thirdly, these crops further contribute to food sovereignty and livelihood security in the rural 

areas. According to Stats SA (2018b), about 2.5 million households (15%) were involved in 

agricultural activities in South Africa in 2017. 

Another important reason for the choice of these crops arises from their contribution to foreign 

exchange earnings and employment generation in South Africa. For instance, the sugar cane 

industry contributed about R2.5 billion in foreign exchange earnings in 2017, and there are 

some 27 036 registered small-scale cane grower within the sugar cane sector (SASA, 2018). 

Lastly, as conservation and development crops, sorghum and barley (NAMC, 2007) can be 

used for bio-fuel production, as well as rotational crops for soil conservation, if supply response 

could be stimulated, given the growing international demand for efficient energy from ethanol. 

Based on all these considerations, the results of these selected crops elasticities shall provide 

further insights about inter-crop shifts in resources allocation, given the spatial dimension of 

field crop production in South Africa. 

The spatial dispersion of field crop production in South Africa is related to the natural resources 

base, which is very sensitive and limited. Collett (2014) argues that the geographical position 

of South Africa, with its wide range of different climatic conditions and a large variation of soil 

and terrain characteristics, enables farmers to produce a large variety of crops, but within 

suitable areas under applicable conditions, and with correct management and cultivation 
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practices. This, however, places a heavy burden on producers to determine the most suitable 

crop type, taking into consideration market prices, consumer demand and supply relations. 

1.7 OUTLINE OF THE STUDY 

This thesis is organised as follows: After presenting a general introduction in Chapter 1, 

Chapter 2 presents a detailed literature review, a discussion of the relationship between 

supply and agricultural supply response theory, and a review of the concept of price elasticity 

of supply. In addition, there is a survey of literature to sketch out the evolutionary thoughts and 

debates about the impact of exchange rate volatility on trade flows, as well as the available 

estimation techniques in the literature. Chapter 3 provides an overview of the field-crop sector. 

The past few years have seen rapid changes in the farming sector that need to be investigated 

and analysed to capture the underlying factors in the value chain process. Chapter 4 

discusses the methodology used in the study, as well as the aggregation of variable issues 

and price expectation formation. The methodological types and theoretical models, as well as 

the EGARCH model specification and data sources, description and definitions are discussed. 

Chapter 5 presents the data analysis of the findings obtained from the EGARCH and VECM 

estimation. Finally, a summary and the main conclusions of the study, together with the 

proposed possible extensions and recommendations, are discussed in Chapter 6. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 INTRODUCTION 

Estimates of agricultural supply response price elasticities with respect to crop area planted 

are useful to policy makers and analysts. However, there is much debate in the literature over 

the magnitude of these elasticities (Askari & Cummings, 1977; Rao, 1989; de Menezes & 

Piketty, 2012). The estimates of elasticity vary, depending on the theoretical and empirical 

models, methods of estimation, country (agro-ecological zones), sample period, and the crops 

included. 

In this chapter, the basic foundations of the theory of supply, price elasticity and agricultural 

supply response are provided, with available empirical evidence, to establish certain general 

conclusions on the subject. Relevant literature is reviewed in order to understand the 

aggregation issues, estimation techniques, findings and limitations of previous studies, and 

what relevant variables should be incorporated into the econometric model proposed in this 

study (see Chapter 4, Section 4.6).  

The chapter consists of five main sections and sub-sections, with the first section providing a 

theoretical background of the study. The second and third sections cover an agricultural supply 

response literature review and a survey on the dynamics of exchange rate volatility and 

agricultural trade, respectively, while the fourth section discusses exchange rate volatility 

estimation techniques. The summary and relevance of the literature reviewed is provided in 

the fifth section, and the chapter is concluded in Section 2.5. 

2.2 THEORETICAL FOUNDATION  

In the context of this study, the theory about the behaviour of an economic decision maker is 

used. The analysis is based on the profit maximising and price-taking theory of the firm, which 

is characterised by setting the marginal cost of production equal to the produce price. This 

schedule gives the relation between output and product price. 

Output is assumed to be a function of product and input prices, but the transformation of inputs 

into an output takes time, and the output at a point in time is regarded as the outcome of prior 

investments in allocating scarce resources to the preparation and planting of a particular crop. 

The past decisions regarding prior investments are the major determinants of current output 
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and can limit the scope for short-run output adjustment to prices prevailing at the time the 

output is realised, and in this study, ‘output’ refers to area planted. 

2.2.1 Concept of supply 

Supply is defined as the amount of a product offered for sale in a particular market during a 

specific time interval, at the prevailing values of prices and any other relevant conditioning 

variables (Colman, 1983). Several authors (McConnell, Brue & Flynn, 2014; Debertin, 2012; 

Reynolds, 2011; Varian, 2010; Sartorius von Bach, 1990) have defined the terms ‘supply’ and 

‘supply curve’ in different ways. McConnell et al. (2014) define supply function as a model 

representing the behaviour of the producers and/or sellers in the market, while Debertin (2012) 

views supply as a schedule, graph or equation showing the amounts of a good that producers 

are both willing and able to produce at a specified set of prices over a specific period of time. 

Reynolds (2011) viewed supply from two different perspectives: firstly, that supply is a 

schedule of quantities that will be produced and offered for sale at a schedule of prices in a 

given period, ceteris paribus. He went further to define a supply function as the minimum 

prices sellers are willing to accept for certain given quantities of output, ceteris paribus. This 

implies that a change in quantities supplied is regarded as a movement along the supply curve, 

and this is caused by a change in the price of the product, while a change in supply is the 

result of a shift in the supply function. A change in the prices of inputs or technology will shift 

the supply function either outwards or inwards, depending of the direction of the change 

(Debertin, 2012). 

According to Varian (2010), the analysis of the supply behaviour of firms/markets aims to 

improve our understanding of how producers combine factors of production, such as land, 

labour and capital, in the production process, subject to various limiting constraints. Sartorius 

von Bach (1990) defined a supply curve as a schedule indicating the quantities that producers 

are willing to supply at a given price, time and place, and stated that the shape of the supply 

curve is described by the concept of elasticity. Furthermore, Langley (1976) asserted that the 

slope of the supply curve is determined by the time period within which producers are able to 

make the necessary adjustments. 

However, in agriculture, the definition of supply should be markedly different, since the focus 

of supply analysis is on the level of actual or potential (cumulated plantings, as in case of 

perennial crops and livestock inventories) output on farms (Colman, 1983). Therefore, this 
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study decided to define supply as the relationship between different prices of a crop X and the 

corresponding quantities of the crop X offered for sale at a particular market (domestic or 

international) during a specific time period, with the value of all other relevant variables 

remaining constant. This represents the behaviour of producers or sellers, as it relates to price 

and non-price factors (also see Sub-section 1.3.2). 

The concept of supply used in this study is based on a function or equation/model that shows 

the amount of a product that producers are both willing and able to produce, at a specific set 

of prices over a particular time period, taking into account all the relevant limiting factors of 

production. Hence, supply in this case ultimately depends on the opportunity cost of the 

farmer, and the theory of the firm serves as the foundation on which the analysis is conducted. 

All these various definitions of supply are based, firstly, on the assumption of all things being 

equal, while what we observe in the real world is generally different. The theory of supply is 

an abstract from the reality, as what is observed in the real world is dynamic, and producers 

must contend with unforeseen factors that are the result of the biological nature of agricultural 

production. Secondly, it is a static concept, i.e. it implies that a change in an explanatory 

variable will induce an instant and complete response in supply, without any delays in 

adjustment (Yu, Liu & You, 2012; Griffith et al., 2001; Mamingi, 1996). 

However, there are several reasons, such as cropping seasons, long lead times for bringing 

new land into use, and crop rotation patterns that cause delays in adjustments in agricultural 

/food markets, and thus the differentiation between short-run and long-run responses. A 

dynamic model must recognise the time lags in an agricultural supply response empirical 

analysis.  

The agricultural commodity and food markets are characterised by a relatively high degree of 

volatile product prices as a result of the seasonality of production, the derived nature of their 

demand (demand for inputs used to produce the final products), and the price-inelastic 

demand and supply functions (demand and supply quantities change proportionally less than 

price does) (see Schnepf, 2006). For all these reasons, the production structure in agriculture 

is variable in time and space, as agricultural goods are biological products which follow a 

natural course in patterns and cycles. 

Furthermore, one must keep in mind the existence of a Cobweb model phenomenon in 

agriculture. The Cobweb theory or cycle describes the price dynamics in a market of a non-
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storable product that takes one time unit to produce. Due to the production time lag, producers 

must form price expectations one time period ahead, and so the cobweb theory uses the 

elasticity principle to explain the different fluctuations in some agricultural commodities with 

long production periods (Stein, 1992; Mordecai, 1938).  

2.2.2 Concept of price elasticity of supply 

The price elasticity of supply measures the relationship between change in quantity supplied 

and price. Hence, it defines the relationship between a marginal and an average value 

(Debertin, 2012). Mathematically, the general form of the own price elasticity of supply is 

represented as follows: 
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Therefore, by the implicit differentiation rule, we can obtain, Equation 3. 
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LnP

P

P

P
Q

Q

P
P




























*
…………………………… (5) 

where: 

 LnP = the difference or derivative between the current price and the previous period price or 

intercept of the supply curve. Thus, once the data series are transformed into logarithms 

before estimation, the parameters estimates become elasticities. If supply is elastic, producers 

can increase output without a rise in cost or a time delay, while if supply is inelastic, producers 

find it difficult to increase supply within a short period of time. 

All these concepts of supply and price elasticity are premised on ceteris paribus assumptions 

(i.e. all other factors being unchanged or constant). Moreover, in agriculture, supply is 

generally price-inelastic in the short term, i.e. the percentage change in quantities supplied 

change less than the percentage change in prices (Varian, 2010). The supply elasticities of 

agricultural and food products reflect the speed at which new supplies become available in 
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response to a price rise (fall). Short-term supply response to a price rise can be very limited, 

but in the long run, when all factors of production are variable, an expanded area planted with 

more intensive cultivation practices can increase supplies. 

According to Ison (2000), factors determining price elasticity include:  

(a) The existence of excess capacity, because even where prices increase, a firm may not be 

able to increase supply if there is no excess capacity. The firm may be operating at full capacity 

such that, in the short run, the supply response may be perfectly inelastic. On the other hand, 

if the firm has excess capacity, it will respond by increasing output.  

(b) Mobility of the factors of production, in that if the firm can easily re-allocate its resources, 

such as labour, land, capital, technology and productive capacity, from one type of production 

to another, then the supply response for that product will tend to be more elastic.  

(c) Time period, in that it will take time for a firm to adjust to a change in price, and so supply 

is likely to be more elastic in the long run, because it is possible for the firm to expand all its 

factors of production. 

The supply elasticity coefficients for individual cereals are greater than that for aggregate 

grain, in general. This can be explained by the substitutions that farmers make between maize, 

wheat, barley, oats, and so on, according to the relative profitability of each of these crops 

(Wall & Fisher, 1988), whereas they will be less willing or able to switch from cereal production 

to horticultural cultivation or to other forms of land uses. 

2.2.3 Agricultural supply response (ASR) 

The concept of supply response is dynamic and different from supply function, which is a static 

concept. The supply function describes a price–quantity relation where all other factors are 

held constant. The response relation is a more general concept; it shows the degree of the 

change in quantity with changes in prices as well as in supply shifters and, therefore, 

approximates to the long-run dynamic concept of supply theory (Tripathi, 2008). 

The concept of agricultural supply response functions to explain the behavioural response of 

farmers to changes in price and non-price factors, while the degree of responsiveness of 

producers to changes in price for a particular product is measured by own-price elasticity of 

supply. Own-price elasticity of supply can be defined as the proportionate change in quantity 
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supplied attributable to a percentage change in its price. According to Nicholson and Snyder 

(2008), own-price elasticity of supply for a normal product should be positive and elastic. 

Producers respond to higher prices by producing more, and not less, and that is why the 

supply function slopes upwards to the right. This implies that own-price elasticity is greater 

than zero. Supply elasticity is said to be positive and elastic when own-price elasticity is 

greater than one, while if less than one, it is inelastic. The magnitude of own-price elasticity 

critically depends on how fast producers can ramp-up or ram-down production in the face of 

rising prices. 

‘Supply Relation’ is another type of supply response mentioned in the literature. This is defined 

as a response to changes in price and other variables at the same time. Therefore, the 

response involves both a movement along the supply curve and a shift in the supply curve. A 

number of factors have been proved by both theoretical and empirical evidence to affect 

supply, even at a given price level. According to Tomek and Robinson (1990), the principal 

factors that can cause supply response include: 

 Changes in the level of yield, price or revenue risk that farmers encounter. 

 Changes in available technology. 

 Changes in institutional constraints, such as crop area planted policy control, or 

financial arrangements such as insurances and drought relief. 

 Changes in input costs.  

 Changes in revenue from competing commodities. 

Another concept in supply response analysis is what is known as asymmetric or irreversible 

supply response. It is defined as a situation where price increases/decreases lead to different 

outcomes in supply responses. An asymmetric or irreversible supply response arises when 

increases or decreases in prices of agricultural products do not lead to the same changes in 

output (Jaforullah, 1993; Gηrkan, 1979; Just, 1993; Johnson, 1958; Cochrane, 1955). This 

implies that an increase in the price of a commodity can induce a farmer to adopt a new 

technology and hold on to such improved technology, even when the price of the commodity 

declines.  
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Improved technology will lower production costs, no matter what the price of the commodity 

is. However, because the use of improved technology can be transferred to the production of 

other commodities when the product price falls, the rate of decline in the supply of the initial 

product will be less than the increase in the supply of the product when the price increases. 

This situation is particularly true for perennial crops, such as coffee, cocoa and rubber, with 

long gestation periods. 

Few studies have dealt with the problem of back-bending supply curves. Ozanne (1992) 

argued that supply curves for agricultural products (feed grain, silage and breeding stock) may 

be backward bending with certain price ranges. Backwards-bending supply conditions can 

arise in a situation where the existence of internal or external economies of scale or counter-

cyclical price–cost margins lead to a flat or downward-sloping short-run supply curves. 

This tendency suggests that, for a given price range, farmers would produce more quantities, 

even when prices decrease, and vice versa. However, this may happen under special 

conditions, such as where cost shocks induce a negative co-movement of output and prices, 

which applies mostly to subsistence small-scale farmers in most developing countries. 

However, according to Boussard (1985), positive supply responses to prices should be 

expected in commercial agriculture, which is market oriented. 

Johnson (1958) ascribe these imbalanced changes in output to price increases, and price 

decreases to what is referred to as ‘Sticky assets’, such as land, buildings and equipment. 

Since these assets are introduced during period of high prices, agricultural producers still 

retain them, even in periods of low output prices. However, Mamingi (1996) postulates that 

the quantification of price increases and price decreases is not that easy in a supply response 

analysis. 

It is widely acknowledged that most agricultural production systems are multiple outputs, 

multiple inputs by nature as a result of the biological factors and derivative end products from 

the actual production. A multiple-output, multiple-input production functions framework 

embodies the behavioural relationships and the technical relationships in agricultural 

production, and the framework describe the interrelationships where there is jointness in 

production, i.e. this includes inputs jointness, outputs jointness, physical jointness and 

behavioural decision-making jointness (Ball, 1988). 
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However, there are few supply response studies in the literature in which parameter estimation 

of all the information available from the theory of production have been taken into account. 

The reasons being that the underlying assumptions in the theory of production cannot be 

easily modelled in reality because of several constraining factors, such as paucity of data, 

model specification, use of proxy variables, and omitted variables problems.  

According to Mamingi (1997), what has really happened is that economic theory has generally 

been used as a guide to indicate which variables to include in the supply models, without 

necessarily taking into consideration the parameter restrictions that arise from the theory, such 

as problems of simultaneity of variables and the nature of supply responses to price changes 

(asymmetric). 

Agricultural production is influenced by several factors that imply that the supply response is 

not instantaneous, and Muchapondwa (2009) has identified three important factors. Firstly, 

agricultural supply response is characterised by biological lags between input application and 

output production. Secondly, technical and institutional constraints exist that impede 

production decisions in any one period. Thirdly, the assumption of perfect information cannot 

be applied to agricultural production because agricultural markets are characterised by 

incomplete information or information asymmetries. 

For this study, agricultural supply response is defined as the degree to which production 

changes as a result of changes in output prices, scale of production, prices of substitutes, and 

in other non-price factors such as climate, road networks, technology, and government policy. 

The theory of the firm is the bedrock of supply response analysis, as stated earlier in Sub-

section 2.2.1. However, there are four other competing theories that could explain and predict 

the behaviour and nature of a farmer, firm, company or corporation with regard to its existence, 

behaviour, structure and relationship to the market place. These four theories are briefly 

discussed below: 

2.2.4 The Neoclassical Theory. 

The neoclassical theory of the firm traces its origin back to Coase’s landmark 1937 article, 

“The Nature of the Firm,” with its key conjecture that the explananda of the theory of the firm 

(existence, boundaries and internal organisation) can be explained by incorporating the “costs 

of using the price mechanism” into standard economic analysis (Foss & Klein, 2005). 
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The neoclassical theory asserts the power of the market system and believed that, 

occasionally, deviations from full equilibrium caused by economic and political events would 

automatically lead to adjustments in market prices. The theory is based on two maxims; firstly, 

that firms maximises their profit subject to certain constraints; and secondly, that there is 

interdependence in the market place between the actions of all market participants (Kantarelis, 

2010; Furubotn & Richter, 2005; Coase, 1937). Under the assumption of perfect and pure 

competition, these two features will determine resource allocation and income distribution. 

This theory viewed a firm as a rational entity with an imaginary plausible production and 

demand functions, and establishes the principal of profits maximisation as its objective 

function, where marginal revenue is equal to marginal cost. This may be used to describe 

various market structures, regulation issues, strategic pricing and barriers to entry, economies 

of scale, and scope, as well as optimum portfolio selection of risky assets (Kantarelis, 2010; 

Hart, 1989). 

The theory of supply and the neoclassical school are in agreement that prices act as a catalyst 

for the interactions between supply and demand, under the assumption of upwards-sloping 

supply curves and downwards-sloping demand curves. Higher prices signal producers to 

produce more until marginal cost equals the marginal revenue, and if marginal revenue 

exceeds marginal cost, producing an additional unit will not be profitable. Conversely, a falling 

price level will act as a signal to produce less of that product (Kantarelis, 2010; Williamson, 

1975).  

The neoclassical theory has the merit of analysing how a firm’s production choices respond to 

exogenous change in the environment (such as an increase in wages or sales tax) and it also 

lend itself to an elegant and general mathematical formalisation (Hart, 1989) 

The main major weakness of the neoclassical supply theory is that it assumes complete or 

perfect information, which is not always the case in reality, and as a result, there is no agency 

problem or concern for transaction costs due to conflict between owners and suppliers of 

inputs in the market. Another major drawback of the neoclassical theory is that it does not 

allow for firm evolution over time (Furubotn, 2002; Hart, 1989). 



 

26 

 

2.2.5 The Transaction Cost Theory 

The transaction cost theory has assumed different forms and meanings since Hicks (1935) 

incorporated the “Notion of Friction” as a cost in monetary theory. Hicks (1935) defined 

transaction cost as the brokerage cost and cost of investing in the financial markets. For Coase 

(1937), it is the cost of using the price mechanism, while Niehans (1987) defined it as a catchall 

term for a heterogeneous assortment of costs involved in the transfer of ownership from one 

individual to another. 

Furthermore, Furubotn and Richter (2005) have classified transaction costs into three 

categories, namely market transaction cost or the “cost of using the market”, managerial costs 

or the “cost of exercising the right to give orders within a firm, and political transaction cost or 

the array of costs associated with the running and adjusting of the institutional framework of a 

polity.  

Bounded rationality assumes that producers/firms are not able to act or decide on a rational 

basis due to their limited perspective of the environment surrounding them, and because of 

the unavailability of complete information (Radner, 1996). The transaction cost theory is 

viewed as representing a complex market framework where many different variables, 

attributes and interferences are at play (Kantarelis 2010; Williamson, 1979). 

The transactional cost theory of the firm focuses on the problems of asymmetric information 

flow in transactions. The firm’s objective function is to achieve input cost minimisation, subject 

to its production constraints. Producers act under the necessity to minimise the transaction 

costs. The concept of transaction cost is central to the explaining and mitigating of market 

failures in agriculture (Furubotn & Richter, 2005; Key, Sadoulet & De Janvry, 2000) and it is 

often regarded as the cost of using the price mechanism.  

The theory has wide application in agriculture, such as in noting missing markets, information 

asymmetry, risk and uncertainty, non-separability of consumption and production, incomplete 

contracts, and institutional failures. This is more applicable to the functioning of agricultural 

markets in most developing countries where there is no perfect information flow (Cuevas, 

2012; De Janvry, Fafchamps & Sadoulet, 1991; Sadoulet & De Janvry, 1995). 

The main weakness of this theory is that it does not take into consideration agency costs or 

firm evolution, and neither does it explain how vertical integration should take place in the face 
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of investments in human assets with unobservable value that cannot be transferred (Perrow, 

2002; Granovetter, 1985; Langlois, 1984). 

2.2.6 The Principal–Agent Theory. 

The principal–agency theory was developed in the 1970s by Rose (1973) against the 

background of risk-sharing concerns of market participants having diverse approaches to risk 

and moral hazard situations. Cooter and Freedman (1991) define agency theory as a 

beneficiary–fiduciary relationship. A beneficiary entrusts a fiduciary, and the model 

emphasises the role of trust in the agency relationship. 

This theory extends the neoclassical theory by adding agents to the firm. The theory is 

basically concerned with friction attributable to asymmetric information between owners of the 

firms and their stakeholders or managers and employees. The friction between agent and 

principals requires a precise measurement of agent performance and engineering of incentive 

mechanisms (Kim & Mahoney, 2005; Eisenhardt, 1985, 1989). This theory has been used 

widely in agriculture to explain the contractual obligations between farmers and downstream 

processors. 

The agency theory assumes that economic agents are endowed with an extended rationality, 

by which they can more appropriately evaluate the gains and costs of alternative solutions. 

This is the main source of conflicts, as the two contracting parties may not necessarily have 

access to the same information. The main motivation for a principal and an agent to contract 

is to provide adequate incentives to the agent so that he/she will implement actions in 

conformity with the interests of the principal, while allocating risks appropriately (Kantarelis, 

2010; Cooter & Freedman, 1991; Levinthal, 1988). 

Two types of information asymmetry situations may arise between a principal (a downstream 

processor) and the agent (a farmer). Firstly, it is possible for an agent to have information that 

is not readily available to the principal, and therefore take advantage of this asymmetry. 

Secondly, a principal may be confronted with a dilemma where he or she cannot observe the 

desired actions of the agent (Kim & Mahoney, 2005). 

The major weakness of this theory is that it is very difficult to engineer incentive mechanisms, 

as it relies on complicated incomplete contracts. It also ignores transaction costs (both internal 

and external), and it does not allow for the evolution of a firm (Eisenhardt, 1989). 
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2.2.7 The Evolutionary Theory 

The evolutionary theory was developed by evolutionary economists, according to strategic 

management schools of thought (see, Loasby, 1999; Foss, 1993; Langlois, 1992; Winter, 

1988) which embrace “capabilities”, “dynamic capabilities” or “competence approaches” to 

study the theory of the firm and market structure. They are regarded as knowledge-based 

economists. 

The theory places emphasis on production capabilities and process, as well as on product 

innovation. According to the theory, each firm possesses certain unique resources which are 

tied, semi-permanently, to the firm. The firm’s resources are classified into four, namely 

financial, physical, human, and organisational resources. The theory sees the firm as a reactor 

to change and a creator of change for competitive advantage. However, the firm, as a reactor 

to change, can also cause creative destruction, which may in turn give birth to new industries 

that would enable sectors or an entire economy to grow (Langlois, 1992; Kognut & Zander, 

1992). 

Two major drawbacks of the evolution theory are that process and product innovation are 

mostly attributable to serendipity and the result of entrepreneurship, which is a very expensive 

factor of production. Secondly, the theory cannot be easily programmed within a firm or a 

country, as the nature of the central construct (i.e. its capabilities) is highly unclear. It is not 

clear how capabilities are conceptualised, dimensionalised and measured (Foss, 2005; 

Heiman & Nickerson, 2002; Felin & Foss, 2004). 

2.3 SUPPLY RESPONSE LITERATURE 

Supply response to price movements and other variables has been a salient research focus 

in agricultural development literature since the early 1960s. Many theories have been 

developed to explain the dynamics of supply response in agriculture. The literature from the 

past five decades include numerous studies on both the theoretical and the empirical ends of 

the spectrum, all using different methodologies to capture the issues involved in supply 

response modelling. 

Colman (1983) defined the term ‘agricultural supply response analysis’ “as the art of estimating 

the quantitative supply response of agricultural commodities to changes in product prices, 
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input prices and other relevant measurable policy and environmental changes”. He concludes 

that the theory of the firm is the foundation on which the analysis is based. 

Langley (1976) postulates that supply response studies are based on the relationship between 

inputs and outputs, diminishing returns with respect to inputs, and decreasing returns to scale. 

However, since it is impossible to specify all the factors involved in the production of any 

agricultural product, this has led to several distinctions being made from the traditional supply 

function in economic theory. 

Changes in other factors that directly or indirectly affect production seem to have more 

profound or lastingly irreversible effects on the changes in output supply that they may cause. 

Therefore, studies on the subject of supply response should not be limited to predicting 

traditional supply changes, since agricultural producers are both users of resources and 

suppliers of agricultural products. Furthermore, the production technology underlying this 

process can be described through production elasticities, input substitution possibilities, 

returns to scale, and the bias in technology.  

According to Nerlove and Bachman (1960), the focus of research in agricultural supply is to 

improve our understanding regarding solving problems related to agricultural supply changes. 

Reliable estimates of supply elasticity are crucial in predicting a farmer’s responsiveness to 

input–output prices, as well as in formulating successful agricultural incentive programmes. 

Hallam (1998) defines supply response analysis in terms of changes in agricultural production 

in relation to price and input cost movements that are policy induced. He further asserts that 

obtaining quantitative information about the extent of responsiveness of agricultural supply to 

external factors must be one of the objectives of any supply response study. Furthermore, 

Tomek and Robinson (1990) refer to changes in quantity of supply as a result of changes in 

the output–price relationship as a traditional supply response. 

In another strand of research, Mamingi (1997) asserts that supply response is inelastic and 

that the inelasticities for individual crops tend to be higher than those for aggregate output. He 

further argues that, since farmers are rational, i.e. they increase production to take advantage 

of price increases, price incentive measures to remove distortions in the market should be 

employed. Furthermore, Van Schalkwyk and Groenewald (1993) concluded that agricultural 

supply tends to be inelastic due to the amount of imperfections in the agricultural markets, and 

that this distortion is the result of government interferences in the form of macro-economic 

policies such as pricing and credit support incentives, tariffs, subsidy and quota-administered 
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pricing, and restrictive registration. They further argued that such interferences result in 

inelasticity of the supply curve. 

McKay, Morrissey and Vaillant (1999) conclude that governments in most developing 

countries use taxes from the agricultural sector to stimulate their industrial growth strategy. It 

is believed that where supply response in the agricultural sector is low, taxing it will not affect 

supply. However, if supply response is high, it will seriously hamper supply. According to 

Bautista and Valdés (1993), government policies that are biased against the agricultural sector 

hinder the growth of the sector and the economy as a whole. 

Alemu, Oosthuizen and Van Schalkwyk (2003) find a high supply response in agriculture and 

conclude that taxing agriculture will have a negative impact on economic development since 

agriculture is the bedrock of most of the developing countries’ economies. This assertion has 

led to the current focus on agricultural-led growth strategies. 

Endogenous government intervention in agriculture has been a persistent area of interest in 

the literature. Governments intervene in agricultural markets through several policy 

instruments. These include producer price support incentives, tax concessions, input 

subsidies, tariff policies, and import restrictions. Most governments intervene in the market 

with the objective of stabilising supply and for income redistribution. Supply response studies 

have incorporated variables into the supply equations to take the effect of government policies 

on supply into account. Lubbe (1992) concludes that agricultural prices are used as signals 

for production, consumption and market intervention policies.  

Several authors (Binswanger & Deininger, 1997; Gηrkan, 1979; Huang, 1998; Rosegrant, 

Kasryno & Perez, 1998) are of the view that public investment in infrastructure has a positive 

impact on agricultural supply by strongly influencing productivity. Krueger, Schiff and Valdes 

(1991), in an analysis of agricultural policies of 18 countries between 1960 and 1983, conclude 

that the performance of the agricultural sector is influenced by the macro-economic 

environment and the supply of public goods. They stress that the effect of the complementarity 

between the development of infrastructure and the implementation of favourable agricultural 

policies was considerable in South East Asia and China. 

Agénor and Moreno-Dodson (2006) argue that investment in infrastructure interacts with 

social public services, thus affecting growth through a complementarity effect. In addition, 

several empirical works also clarify the role of education and health services in the reduction 
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of producer risk aversion (Knight, Lyne & Roth, 2003; Weir & Knight, 2004). Rural 

infrastructures are thus likely to contribute to reduce the producer’s response to price instability 

by allowing better access to education and health services. 

From the literature review, there are several factors apart from prices that affect the direction 

and magnitude of supply response (Fans, 2008; Albayrak, 1998; Mamingi, 1997; 

Krautkraemer, 1994; Binswanger et al., 1987). These include the nature of the production 

function during the supply period, the elasticity of supply to inputs, the price expectation of the 

farmers, market structure (whether perfect competition or monopoly), agricultural policy 

environment, public investment, income levels of farmers, rural infrastructure, irrigation, 

human and physical capital, technological changes, population growth, and population 

density.  

Clearly, a distinction has to be made between densely and sparsely populated areas. In a 

densely populated and multi-crop agricultural area, there is a great shortage of land and it is 

quite possible that the same total area of land will be reallocated between different crops in 

response to relative price movements, without much variation in the total output, in spite of 

improving terms of trade for agricultural products.  

In a densely populated area, increases in yields achieved through the application of new 

techniques of production and the use of additional complementary inputs will be a more 

important determinant, while in sparsely populated areas, this physical constraint on price 

responsiveness is not present, and as such, the supply function used should be different from 

that used for densely populated areas (Mamingi, 1997). 

Cost of production is another important factor. If cost of production increases upwards, the 

profit margin of the farmers will be under pressure and might even force some farmers out of 

business (Colander, 1995). The impact of rising input costs on production will depend on the 

ease with which farmers are able to substitute alternative inputs and the relative cost of the 

inputs regarding total costs. The higher the proportion of fixed costs to variable costs is, the 

smaller the tendency will be to cut production, even when output prices decline, i.e. supply will 

be less elastic.  

Agricultural production has a comparatively large proportion of its total costs in a fixed form 

(Poonyth et al., 2001). Therefore, many of the changes seen in the twentieth century have 

consisted of the use of greater quantities of fixed factors, sometimes net additions and 
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sometimes replacing inputs, the levels of usage of which were moderately variable, with those 

of a more fixed cost. This is because a rational producer must base his or her decision on his 

or her expectation of price as well as of risk, and so the appropriate variables in any crop 

response model should include expected prices and expected risk.  

For a single-product firm, the traditional theory of production asserts that a rational and risk-

averse producer will produce a smaller output under conditions of price uncertainty than under 

the assumptions of price certainty (Sandmo, 1971). Several studies (Brennan, 1982; 

Chembezi, 1991; Fraser, 1986; Just, 1974; Poonyth et al., 2001), however, have incorporated 

risk analysis into supply response estimation.  

Other streams of research (Binswanger, 1990; Mamingi, 1996; Mundlak, 1985) address the 

broader issue of technological change and increased spending on research and development, 

which has a positive effect on supply response in a given period of time. The development of 

infrastructure can support the formation of risk-sharing networks. Binswanger and Deininger 

(1997) explain the point that isolated producers are not able to form interest groups, whose 

objective is the accumulation of factors of production, and hence the possibilities of 

concentrated collective action are limited for them. Other researchers (Besley, 1995; Levine, 

2004; Mosley, 1993) emphasise the role of better access to the credit market that enabling 

farmers to increase their productivity through increased savings and investment. 

When government economic policies affect supply response positively, changes in production 

can then easily be achieved through decentralised changes in market conditions and price 

incentives. Hence, Askari and Cummings (1977) assert that, in most less-developed countries 

(LDC), local agriculture is susceptible to changes in world market conditions, which 

necessitate government intervention with appropriate policy measures. If agricultural supply 

is not readily responsive to price changes, they conclude that local agriculture will not respond 

to government intervention without changing the underlying technological and social 

conditions. 

Behrman (1968) is of the view that agricultural supply is readily, normally and efficiently 

responsive to price changes in developing countries, and that short-run supply responses may 

be greater in LDCs, as compared with more developed countries. This is attributable to the 

greater flexibility of factor inputs in LDC agriculture and the available marketing channels. He 

further postulates a hypothesis that marketed production of subsistence agriculture is 

inversely related to price, and that subsistence farmers usually have fixed monetary 
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obligations such that they sell just enough of their produce to settle their debts, while the 

balance not sold is used for on-farm consumption. 

In addition, Behrman (1968) asserts that the presence of institutional constraints in most LDCs 

limits agricultural price response. He concludes that social systems in LDCs are completely 

different from those in developed countries, which therefore requires that different economic 

theories be applied to conditions in LDCs. 

Schiff and Montenegro (1997) analysed and reviewed aggregate supply responses in 18 

developing countries for the period 1960–1985, through four hundred sample observations. 

They argued that aggregate agricultural supply response is indeed high and supply response 

is elastic, although there are several constraints, such as finance and trade that hindered 

supply response. They further argued that investments in public goods should be viewed as 

complementary to pricing policy. 

There is a consensus in the literature (McKay et al., 1999; Mamingi, 1997) that agricultural 

supply response is inelastic. This implies that supply response is low and not responsive to 

price changes, and by economic convention, an elasticity less than one is considered as 

inelastic. This accounts for the reason why the governments in most developing countries tax 

agriculture to set up other industries such as the manufacturing and service sectors.  

From the literature reviewed (Sarris, 1994; Schiff & Valdes, 1992; Newbery, 1987), this is done 

through taxing agriculture implicitly in a non-transparent, import-protected industrialisation 

policy, which raises the price of industrial goods (capital equipment, fertiliser, etc.) consumed 

by the agricultural sector well above world prices, while at the same time, agricultural prices 

are distorted below world prices, thereby turning the terms of trade against agriculture. This 

policy of import restrictions, due to overvalued domestic currencies, and the creation of lower 

earnings in domestic currency from agricultural exports prompt the transfer of resources out 

of agriculture to the industrial and service sectors. 

The review of literature from around the world reveals some ambiguous relationships between 

agricultural supply response and the key factors often specified in modelling supply response. 

These variables include expected price in the form of farm-gate producer price, input prices, 

and a set of exogenous supply shifters (weather, technology, GDP, exchange rate, 

expenditure on research and development, dummy variables to take care of environmental 

variables, and structural changes in the policy regimes).  
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2.3.1 Empirical evidence of supply response 

Several research studies have been undertaken, worldwide, on supply response and most 

recent studies have improved in terms of the econometric methodology and economic 

rationality behind the various analyses (see Subsection 2.2.3 and Section 2.3). The empirical 

evidence includes that developed from studies on field crops, perennial crops, livestock and 

horticultural crops (fruits), which are discussed in this section. Most of the studies reviewed 

have wide variations in their results, and the general consensus was that farmers behave 

rationally in response to agricultural pricing policy. 

Albayrak (1998), Askari and Cummings (1977), Bond (1983), Colman (1983), Schiff and 

Montenegro (1997), and Thiele (2000) have all documented this variability in results and 

ascribe it to differences in the “quality" of estimates, to differences in definitions of price and 

output measures, and to data measurement errors. The statistical measurement of price 

expectations is always very problematic, as farmers’ expectations may not really change along 

with all transient price changes. Measurement errors could arise as there are several 

measures of relative prices, such as prices paid relative to prices received, output prices 

relative to input prices, and crop price relatives. The choice of any of the alternative measures 

depends on the availability of reliable price data. 

Several authors (Diebold & Lamb, 1997; Just, 1993; Tomek & Myers, 1993) contend that other 

factors, such as model specification and sample period, are the true underlying differences in 

response parameters across regions/countries, and that different agricultural products may be 

the reasons for the variability seen in supply response estimates in the last four decades. 

Table 2.1 below, illustrates the variability in supply response derived from different studies. 

The results in Table 2.1 below, depict the magnitude and the diversity in supply response and 

the array of the elasticities that have been estimated for different countries on different crops. 

However, there are considerable differences in elasticity estimates, and the degree of supply 

responsiveness varies widely from crop to crop for various reasons, as earlier stated in this 

section. 

Table 2.1: Elasticities estimates across different crops and studies 

Period Country Crop Method Author Short 
run 

Long 
run 

1980-2012 South Africa Maize Time series/OLS Shoko et al. 
(2016) 

0.24 0.36 
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1990-2014 Malaysia Rubber Co-
integration/VECM 

Mustafa et al. 
(2016) 

0.40 0.77 

1981-2003 India Apples VECM Wani et al. 
(2015) 

0.32 0.33 

1966-1994 Ethiopia Maize 
Sorghum 

 
ECM 

Alemu (2003) 0.38 0.51 

1960-1996 Pakistan Wheat 
Sugar 
cane 

Co-integration Mushtaq & 
Dawson (2002) 

- 
- 

0.93 
5.01 

1956-1993 South Africa Maize Time series/ECM Schimmelpfennig 
et al. (1996) 

0.64 0.59 

1951-1981 Bangladesh Sugar 
cane 

Times 
series/OLS 

Jaforullah (1993) 0.30 0.45 

1947-1964 Australia Feedgrains Time series/OLS Powell & Gruen 
(1967) 

0.14 0.81 

1946-1958 UK Peas Time series/OLS Jones (1961) 0.18. 0.24 

Source: author compilations from several studies. 

According to Alemu (2003), Thiele (2000), Albayrak (1998), Askari and Cummings (1977), and 

Bond (1983), several of the past empirical studies contain faulty modelling techniques have 

small sample size bias and lack economic basis, and most of the variables used are not tested 

for stationarity and structural breaks. However, designing a suitable model based on economic 

theory and underlying conditions in a particular country can make the difference. 

2.3.2 Empirical evidence from South African studies 

There is a dearth of recent studies on field crops supply response in South Africa. Shoko et 

al. (2016), estimated the supply response of maize in South Africa using a Nerlovian partial 

adjustment model for the period 1980 to 2012. They estimated a short-run price elasticity of 

0.24 and a long-run price elasticity of 0.36. They further indicated that maize farmers are less 

sensitive to price changes than non-price incentives. Hence, the study concluded that non-

price incentives, such as rainfall and technology, have great influence on maize supply 

response. 

The study, however, made use of dummy variables to capture pre- and post-deregulation 

market periods of the maize market sub-sector, which is thus flawed as it was based on an 

assumption. Secondly, the use of adaptive price expectation formulation for the study is not 

logical as this is not consistent with the rational expectation hypothesis that is applicable to 

South African maize farmers. The influence of agricultural policy on the dynamics of price 

expectations is more complex when using an autoregressive distributed lag formulation. 

Because government-regulated prices influenced the subjective probability of output prices 
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received by farmers during the period of 1980–1994, that price distortion would have reduced 

price risk for maize production. 

Ogundeji et al. (2011) researched the supply response of beef in South Africa using an error 

correction model on time series data for the period 1971-2004. The results of the study 

revealed that beef producers in South Africa respond to economic, climatic, trade (imports) 

and demographic factors in the long run. In the short run, however, the study showed that 

cattle marketed for slaughtering were responsive to climatic factors (rainfall) and imports of 

beef. The study estimated the long-run beef producer price elasticity to be 0.33, which 

indicates that there is a positive and low price relationship with the number of cattle marketed 

for slaughtering.  

However, that study can the criticised for the wrong specification of price expectation, as the 

desired and actual levels of capital stock are not likely to be constant (as the effect of a given 

price change on livestock numbers can differ between one period and another). Hence, the 

correct identification of a price expectation variable that maximises the farmers’ welfare, over 

time, becomes a problem, as price alone is not a sufficient condition. Secondly, the use of an 

error correction model is not adequate. A life-cycle model should have been used, where 

supply is explained by a stimulated model of the dynamic biological interactions within the 

relevant livestock population. 

Abbott and Ahmed (1999) estimated the wool supply response for South Africa using a co-

integration technique for the period 1948–1995. Their result shows that the price elasticity of 

wool was 0.08 for the study period and that the supply response for wool was inelastic. This 

implies that wool production responded more slowly to wool prices. The study further indicates 

that the international price of wool, the price of maize, the price mutton and input prices are 

the dominant factors in the production of wool in South Africa. Their conclusion was that wool 

supply in South Africa responds significantly to changes in wool prices (i.e. both domestic and 

international prices) after a two-year lag, and the supply response could be more substantial 

if the prices of maize and mutton remain low, compared with wool price. 

The study does not account for the omission of important non-price variables (such as rainfall, 

agricultural price policy, risks and uncertainty). Thus, the model used was miss-specified. In 

addition, the data series was subdivided into two sample (1947/48–1973/74 and 1973/74–

1994/95) groups arbitrarily, without testing for structural break in the model. Moreover, the 

number of observations used for the study per sample group was relatively small. 
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Schimmelpfennig et al. (1996) estimated the maize crop level supply response for South Africa 

using an error correction model for the period from 1956 to 1993. Their result shows that a 

short-run price elasticity of 0.64 was estimated for maize, while long-run supply elasticities of 

0.59 and 0.60 were calculated for maize and sorghum, respectively. This implies that both the 

supply responses for maize and sorghum areas planted are positive, elastic and responsive 

to price changes in the long run. They also found that the supply of maize is influenced by the 

price of maize, price of substitute crops (sunflower and sorghum), and intermediate input 

costs, as well as farmer education.  

Other important factors influencing supply response are research and development, rainfall, 

and co–operative extension services. This study can be criticised on three grounds. Firstly, 

the theoretical basis underlying the study was not clearly stated, but merely assumed, while 

at the same time, risk and uncertainty prevalence in agricultural production was not measured 

and specified in the model. 

Secondly, there was no inclusion of a structural break variable which could have captured 

changes in the agricultural policy regime during the period of their analysis. Thirdly, the study 

did not take into account the possibility of reverse causality (i.e. the absence of weak 

exogeneity of the regressors), as the parameter estimates were not efficient and consequently 

invalid. This is the reason for the inconsistency in the estimated short-run and long-run 

coefficients.  

Van Zyl (1991) analysed the supply of maize in South Africa for the period 1970–1989 by 

using OLS regression on the time series data for the period 1970–1989. The study involved 

modelling four different maize producing regions of South Africa. His result shows that the 

price of maize and its production substitute crops (sunflowers, wheat, sorghum and groundnut) 

do not play a major role in determining the annual area under cultivation, while timely rainfall, 

intermediate input prices, and price expectations are the key determinants.  

He was only able to estimate price elasticities of 0.026 and 0.136 for the Eastern Free State 

and Transvaal Highveld, respectively, because the other models did not fit the data well and 

presented insignificant results. The results indicate a slow responsiveness of farmers to price 

incentives. The study can be criticised on the ground of the lack of treatment of the times 

series data for stationarity, and the exclusion of risk and structural break variables in the 

model. Hence, the estimates from the study only reflect short-run variations in prices, and 

cannot be compared with studies that are more recent. 
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In contrast to all the preceding studies, Van Schalkwyk and Groenewald (1993) used a Cobb-

Douglas production function on cross-sectional data from agricultural censuses for 1976, 1981 

and 1988 to explain an aggregate agricultural supply response for South Africa, and they found 

a high supply elasticity of 0.92. This result confirmed the assertion in the empirical literature 

that the aggregate supply response is higher than the supply responses for individual crops.  

Moreover, the use of a Cobb-Douglas production function has certain advantages, such as 

flexibility in use as it can handle multiple inputs in its generalised form, it can handle different 

scales of production, and it allows for the law of diminishing returns (non-constant returns to 

scales in production).  

The major limitations of this approach include the points that output usually exceeds zero only 

when all inputs are greater than zero, it is not applicable to micro-level studies, and it assumes 

constant elasticity of substitution (it does not allow for regions of increasing marginal 

productivity or for negative marginal productivity). The study can be criticised for the omission 

of relevant variables, such as capital investment in agriculture, population growth, and 

exchange rate. 

Furthermore, the study did not account for how the problem of simultaneity among the 

variables (price ratios, land quality, average rainfall, and dummies used to capture structural 

change) in the model was to be addressed, and this flaw can bring about inconsistency in 

estimated results. 

2.3.3 Empirical evidence from international studies 

In a recent study, Mustafa, Abd Latif and Egwuma (2016) analysed an empirical supply 

response of rubber production in Malaysia by using co-integration and a vector error correction 

model framework on time series data for the period 1990–2014. The study confirmed the 

existence of a unique, long-run equilibrium relationship among planted acreage (area planted), 

the relative price of rubber, and the price of fertiliser. They estimated positive short- and long-

run elasticities of acreage (area planted) to relative price at 0.4 and 0.77, respectively.  

The results indicate a higher supply response in the long run. Furthermore, the study 

recommends the design of an appropriate economic incentive structure that stimulates the 

outputs and incomes of farmers. However, it must be noted that rubber is an example of a 

perennial crop with a long gestation period. The study can be criticised for model miss-

specification and an omitted variable trap, as only three variables (area planted, relative price 
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of rubber, and price of fertiliser) are included in the model. There is no specification of non-

price factors that are important for the production of perennial crops. Furthermore, the sample 

period (1990–2014), corresponding to 24 observations of historical time series data, is rather 

too small for a meaningful analysis and, again, the model did not include any structural break 

and risk variables. 

Wani, Sehar, Paul, Kurvila and Hussain (2015) examined the supply response of horticultural 

crops in the Jammu and Kashmir regions in India by using Nerlovian and vector error 

correction models on time series data over the period 1981–2013. The study estimated supply 

response elasticities of 0.32 for apples and 0.03 for pears in the short run, and a corresponding 

0.33 for apples and 0.28 for pears in the long run. The study further indicated the major factors 

affecting the production of apples and pears as own-price (producer price), price of the 

substitute crop (pear), and temperature. Furthermore, it was demonstrated in the study that if 

the price of apples were to increase, people might opt to purchase the substitute fruit crop 

(pear). 

The data set (22 annual time series) used for the study is too small, and the model is also 

miss-specified by not including any non-price, cost or risk factors. Moreover, changes in 

agricultural price policy that could have affected the supply response of horticultural crops 

were not considered. Hence, the result of the study is not reliable.  

Akter and Seung-Jee (2011) analysed the supply response of pulses in Bangladesh by using 

co-integration and a vector error correction model on times series data for the period 1976-

2007. The results of the study indicated that the pulses area planted has short- and long-run 

relationships with own-price, price of substitute crops (oilseed and potato), and irrigation area. 

The estimated long-run supply elasticity was 1.70. This implies a high supply response, and 

the study concluded that the irrigation area has a significant and positive impact (2.94) on 

pulse production in the long run. This implies that, without irrigation water, the production of 

commercial crops like pulses would be drastically constrained. 

The study further revealed that perennial crops (crops with long gestation periods) are more 

complicated to model than annual crops due to the time lag between the initial planting, first 

output and then extended period of production, followed by a substantial decline in production. 

Similarly, the study observed that agricultural policy should target reducing transportation 

costs, post-harvest losses and storage costs to stimulate supply response. However, the study 
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can be criticised for using dummy variables to specify structural changes based on 

assumption, while there are several procedures to test for structural breaks. 

Van Wyk (2011) investigated the supply response of the mutton industry in Namibia by using 

the Autoregressive Distributed Lag (ARDL) and co-integration on monthly time series data for 

the period January 2003–December 2009. The study results showed that mutton producers 

in Namibia responded to climatic factors (rainfall) and substitute product (beef producer price) 

in both the short and long run. Furthermore, there was a positive relationship between the 

mutton producer price and the number of sheep marketed, and it was found that the average 

real Namibian mutton price elasticity of supply is elastic.  

The study results further revealed that it took nearly two months to recover to the long-run 

supply equilibrium, should there be any disturbances within the supply system. This study can 

be criticised for the omission of relevant variables (cost and risk factors) by under-fitting the 

model, lack of structural break, and the use of the wrong functional form (log-linear) instead of 

the quadratic form or others which would have fitted ARDL model perfectly. Moreover, the 

reasons for using this particular functional form were not addressed in the study.  

In another strand of research, Alemu (2003) investigated the wheat, Eragrostis teff, sorghum 

and maize supply responses in Ethiopia for the period 1966–1994 by using an error correction 

mechanism. The results obtained from the study varied among the different crops. In the teff 

crop model, important determinants of supply response were own-price (producer price), price 

of substitute crop (wheat) and policy variable (change of government), and the estimated price 

elasticities for teff are 0.14 in the short run and 0.28 in the long run. Regarding the other crops 

(maize, wheat and sorghum), the study identified own-price (producer price), price of 

substitute crops, rainfall, and policy variable (change of government) as factors affecting their 

supply responses. 

Furthermore, he estimated a short-run price elasticity of 0.38, and 0.51 in the long run, for the 

maize model, and the estimates for wheat and sorghum were 0.28 and 0.43 in the long run, 

respectively, and the their short-run values were negative and insignificant. The result from 

this study indicated a high supply response and that farmers in Ethiopia responded to those 

price signals they deemed permanent. This implied that farmers would only change their 

production decisions in the long run. This study can be criticised on the grounds that the 

theoretical basis underlying this study is not clearly stated, but was merely assumed. 
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Secondly, no consideration was given to the prevalence of risk or other uncertainty factors in 

agricultural production in the estimated model. 

Thiele (2003) estimated the aggregate supply responses of main agricultural food crops 

(maize, millet and sorghum) and cash crops (cocoa, coffee, tea and cotton) produced in ten 

Sub-Saharan Africa countries (Ghana, Nigeria, Cameroun, Burkina Faso, Niger, Kenya, 

Tanzania, Zambia, Malawi and Zimbabwe) for the period 1965–1999, using a multivariate co-

integration technique on time series data. The estimated supply elasticities were in the range 

of 0.20 to 0.50 where co-integration relationships existed, which implies that supply response 

is positive and elastic relative to price in the long term. The study also suggested that the non-

price factor of drought was quite significant and impacted negatively on supply response. 

The study can be criticised for a model miss-specification error in using irrigation expenditures 

of 10 different countries. Irrigation expenditures comprised a relatively small amount when 

considering peasant and subsistence agriculture in most of the countries under investigation, 

and the lack of any co-integrating vectors in the estimated model shows lack of supply 

response and absence of policy regime shifts in all these countries. This is clearly not possible.  

Mushtaq and Dawson (2002) re-examined the acreage supply response of wheat, cotton, 

sugar cane and rice in Pakistan by using a co-integration approach on time series data for the 

periods 1960–1996 and 1967–1996. In the study, two different models were specified (the 

WCS model for wheat, cotton and sugar cane, and the BIR model for two varieties of rice). 

The results from the study showed that, in the long run, the acreage (area planted) supply 

elasticities were 0.93 for wheat, 0.30 for cotton, 5.01 for sugar cane, and 0.4 for the two 

varieties of rice.  

These results imply that wheat acreage (area planted) is unresponsive to own price, whereas 

cotton, sugar cane and rice respond moderately to own price in Pakistan. In that analysis, 

wheat cotton and sugar cane were assumed to compete for land as well as complimentary 

crops (as both can be sown on the same land). Furthermore, sugar cane competed directly 

with cotton and wheat for land. Moreover, the study showed that the important factor 

explaining supply response in the short run was irrigation, and the adjustment from 

disequilibrium to equilibrium would take 3 to 4 years, which occurs mainly through acreages 

rather than prices. This study can be criticised for omitted variable bias (risk and other 

uncertainty production factors) and there is no test for structural breaks in the time series data. 
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The two different models estimated results are not comparable, based on the period of the 

analysis. 

Albayrak (1998) examined wheat supply response in Turkey by using a Nerlove partial 

adjustment model, together with a Maximum Likelihood method, on annual time series data 

over the period 1950–1990. The results of the study showed that there were large variations 

in the price responses of areas planted at the provincial and national levels. The results further 

indicated that, without having adequate knowledge of the supply response elasticities of 

regional area planted, caution must be taken in assessing the impact of area planted supply 

response at national level. He estimated that the long-run price elasticity of area planted at 

the provincial level was 0.40, while at national level it was 0.041, and that the important 

determinants of wheat supply response in Turkey were irrigation, own price and technology. 

The study concluded that the national-level model developed for the whole country might not 

have given a true reflection of the differences in the various agricultural regions in a country. 

This study can be criticised for omitted variables bias. The estimated wheat supply response 

model lacked the inclusion of other competing crops. Furthermore, the use of adaptive price 

expectations formulation cannot be consistent with rational expectation hypothesis.  

Foster and Mwanaumo (1995) estimated the aggregate supply response of maize in Zambia 

by using OLS regression analysis on time series data for the period 1971–1990. The results 

from the study estimated high price elasticities of supply of 0.54 in the short run and 1.62 in 

the long run. This implied that supply response was positive and high in the long run. The 

study indicated that aggregate maize production responded positively to price, fertiliser use 

and agricultural policy (trade liberalisation) in the long run, with the long run being defined as 

a period of 10 years. The study further suggested that an integrated support approach on 

extension education, agricultural research, infrastructure and marketing was needed to boost 

supply response in Zambia. 

However, the model used for the study was miss-specified, as maize production was 

regressed on maize and fertiliser prices only. No consideration was given to maize substitute 

or complementary crops and other non-price variables (rainfall, production risk, rural 

infrastructure, etc.). Secondly, the results of the study overstated the true supply response 

magnitude. The study suggested that the structural adjustment policies adopted by the 

Zambian government to free the prices of maize and fertiliser would generate substantial 

supply response impacts in the long run, with the long run being defined as approximately 
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about 10 years. This casts doubt on the result of the study, as maize is a seasonal crop that 

is planted once or twice annually, and it is not a perennial crop like cocoa, rubber or coffee.  

Furthermore, the sample period (1971–1990) of the analysis, corresponding to 18-year 

historical time series data, was too small for making meaningful conclusions on the maize 

supply response in Zambia. Finally, the study failed to test for structural break and the results 

of the study assumed normality for the multipliers, even though only one (out of three) is 

significantly different from zero  

2.3.4 Comparison of different studies 

The empirical evidence from the literature review represents a set of diverse findings in supply 

response studies. Just (1993) points to the diminishing stock of knowledge regarding supply 

elasticities, as evidenced by continued variability in supply response estimates and the 

resultant lack of meaningful economic foundation (rational behaviour analysis) in the supply 

side agricultural policy. 

The comparison of supply response studies across different methodological types shows that 

the studies that used error correction and co-integration techniques performed better in 

estimating supply response elasticities. Thus, these studies indicate that in the short run, the 

price elasticities range from 0.64 for maize, 0.32 for apples, and 0.03 for pears, while in the 

long run, the elasticities range from 0.59–0.77 for maize, 0.64–0.93 for wheat; 0.30 for sugar 

cane, 0.28 for pears and 0.33 for apples and livestock, respectively. The key factors identified 

under these techniques are own-price, price of substitute products, input cost, research and 

development, extension services, rainfall, irrigation and agricultural price policy. 

Conversely, studies that used Nerlovian partial adjustment/OLS procedures estimated short-

run supply responses in the ranges of 0.03–0.24, and 0.14–0.36 in the long run, for maize, 

and the key factors identified determining supply response are irrigation, rainfall and 

technology. 

The empirical evidence revealed a positive supply response to prices and non-prices factors, 

but the estimates of the degrees of price elasticities differ from one study to another. The 

short-run elasticities range from 0.03 to 0.4, while the long-run elasticities vary from 0.28 to 

5.1. In general, the long-run price elasticity values are higher than the short-run values are. 

The empirical evidence further indicates that the main determinants of supply response are 
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own-price, prices of substitute products, input costs, irrigation, technology, infrastructure, 

policy regime, research and development, extension services, and climate (rainfall and 

temperature).  

Comparisons across different crops, horticultural crops, and livestock reveal the same pattern 

of inelastic supply response in the short run, and the elasticities estimates vary across different 

products and exhibit seasonal variability, which can be explained in terms of the biological 

nature of agricultural production and spatial dimension of farming systems. However, the 

supply responses of perennial crops (such as cocoa, rubber and coffee) are higher than those 

of other crops (such as maize, sorghum and wheat) due to their long gestation periods. 

There are some weaknesses in the previous studies of agricultural supply responses that have 

been conducted, both internationally and in South Africa, over the past four decades. In the 

case of South Africa, these limitations include model miss-specification errors (Shoko et al., 

2016; Van Zyl 1991), the use of different proxy variables (Ogundeji et al., 2011; Van Schalkwyk 

& Groenewald, 1993), omitted variable bias (Shoko et al., 2016; Abbott & Ahmed, 1999; 

Schimmelpfennig et al., 1996), statistical properties of the data not being properly diagnosed 

for non-stationary (Shoko et al., 2016; Van Zyl, 1991). The model miss-specification problem 

arises as a result of the presence of multi-collinearity, serial correlation in the disturbance error 

term, and autocorrelation problems, such that the addition or elimination of one variable in the 

explanatory set may have a marked effect on the estimated parameters of the other variables. 

The comparisons across different studies in South Africa revealed some other methodological 

shortcomings (Van Schalkwyk & Groenewald 1993; Van Zyl 1991), with the choice of a Cobb-

Douglas production function lacking proper mechanisms to deal with expected price formation 

and the partial adjustment nature of agricultural production. Moreover, the use OLS regression 

on non-stationary time series data normally produces inconsistent results. Hence, the 

differences in the results of the previous studies can be explained by the differences in the 

level of disaggregation assumed for the production system, definition of the variables adopted, 

the type of data from which the elasticities were estimated, the sample period covered, and 

the estimation techniques. 

The use of different proxy variables can affect the results of the estimated elasticities, as 

difficulties are often encountered in isolating the influence of a change in the product price 

from other factors, such as changes in the prices of inputs or alternative crops that compete 

for the same resources. Furthermore, measurement problems regarding the segregation of 
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the impacts of weather and technology from aggregate production, generation of farmers 

expected prices, and the adequacy and reliability of data series could affect the choice of proxy 

variables.  

In addition, some of the previous supply response studies in South Africa were beset with the 

problem of spurious regression and a lack of adequate treatment of the time series data (Van 

Zyl, 1991). Other studies (Shoko et al., 2016; Abbott & Ahmed, 1999; Schimmelpfennig et al., 

1996) did not take into consideration the effect of structural breaks on their model specification, 

as this can bring about inconsistency in the estimated results. The structural break hypothesis 

argues that parameters estimated from an econometric model are dependent on the policy 

prevailing at the time that the model is estimated, and will change if there is a policy change, 

i.e. the estimated parameters are not invariant in the presence of policy changes, and this is 

termed as the “Lucas Critique”. 

In conclusion, the relevance of some of the South African studies is questionable, and their 

findings are unreliable for agricultural policy analysis and the forecasting of the impact of price 

reform, given that they are based on time series data that ignore the non-stationary properties 

of macro-economic variables and structural break, and suffer from model miss-specification 

(see Johansen, 1988; Nelson & Plosser, 1982; Granger & Newbold, 1974) and in addition, to 

the problem of omitted variables bias. The nature of farming system within which agricultural 

production decisions are made requires current and accurate supply response elasticities, and 

South African farming systems have changed remarkably over time (Liebenberg, 2013), with 

changes in technology and resource constraints. 

Hence, this current study shall mitigate for all these problems by estimating a VECM model 

(see Section 1.5) for five selected field crops, and one aggregate supply response, to capture 

the dynamics of supply response in South Africa. This study will fill the gap by including all 

relevant variables and an exchange rate volatility measure in the analysis, thereby expanding 

the supply response elasticity base of South Africa. 

2.4 EXCHANGE RATE VOLATILITY AND AGRICULTURAL TRADE  

This section reviews the theoretical and empirical evidence on the impact of exchange rate 

volatility as its affects agricultural trade flows, as well as the estimation techniques used to 

measure exchange rate volatility to meet the specific objective number (iv): to investigate the 
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role of exchange rate volatility on agricultural production and trade using EGARCH method 

(as stated in Subsection 1.4.1). 

2.4.1 Concept of exchange rate versus exchange rate volatility  

Exchange rate can be defined as the value of the currency of a country relative to the 

currencies of other countries. The exchange rate helps to determine the value of imported 

goods and services, and how much a country can earn from its exports. Exchange rate 

volatility, on the other hand, can be defined as a measure of the fluctuations in the bilateral 

exchange rate experienced by a country. Similarly, exchange rate volatility can also be defined 

as the risk associated with unexpected movements in the exchange rate of a country. 

Macro-economic fundamentals, such as inflation rate, interest rate and balance of payments, 

are major sources of exchange rate volatility. According to Azid, Jamil and Kousar (2005), 

exchange rate volatility describes the uncertainty in international trade, both in goods and 

financial assets. Exchange rates are modelled as forward-looking, relative asset prices that 

reflect unanticipated change in relative demand and supply of domestic and foreign 

currencies. Hence, exchange rate volatility reflects agents’ expectations of changes in the 

determinants of money supplies, interest rates, and incomes. 

In South Africa, the exchange rate has been characterised by three different regimes over the 

last four decades, namely a fixed exchange rate for the period 1947 to 1971, a pegged rate 

from 1971 to 1978, and from 1979 onwards, a floating or flexible (managed floating) regime. 

According to Bah and Amusa (2003), the implementation of a flexible exchange rate regime 

since 1997 by the South Africa Reserve Bank (SARB) has resulted in the volatility of the rand 

exchange rate. Under this regime, ‘’floating’’ countries allow the forces of demand and supply 

to determine their exchange rate, and sometimes use its international gold reserves to 

intervene and affect the market rate. 

2.4.2 Effects of exchange rate volatility on agricultural trade 

Exchange rate volatility has been regarded as being one of the main determinants of the 

changing world matrix of international trade, including agricultural products. The results of the 

impacts of exchange rate volatility on international trade have been mixed and inconclusive. 

In this subsection, two dominant school of thoughts on exchange rate volatility, the classical 
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and risk portfolio schools, are reviewed to gain a better understanding of the impacts of 

exchange rate volatility on trade and supply response.  

 

a) Classical school theory 

Much of the study by the classical school has focused on the decision-making theory of the 

firm and has presumed that increased exchange rate volatility would increase the uncertainty 

of profits on contracts denominated in a foreign currency, and would therefore reduce 

international trade to lower levels than would otherwise exist if there was no uncertainty. 

Hence, according to Pickard (2003), this uncertainty regarding profits would lead risk-averse 

and risk-neutral economic agents to redirect their activities from a high-risk foreign market to 

a lower-risk domestic market. 

Several other authors in the literature (Broll & Eckwert, 1999; De Grauwe, 1988; Sercu & 

Vanhulle, 1992; Franke, 1991; Brada & Méndez, 1988; Hooper & Kohlhagen, 1978) have 

demonstrated and promoted the classical school of thought argument that higher volatility in 

the exchange rate increases risk, and therefore depresses trade flows. 

Broll and Eckwert (1999) demonstrated that an international firm under study, with a huge 

domestic market base, had the ability to benefit from exchange rate movements by 

reallocating their products between 19 domestic and foreign markets. Thus, higher volatility 

can operate to increase the potential benefits derived from international trade. 

De Grauwe (1988) further showed that an increase in exchange rate volatility could increase 

output if producers could adjust their output in response to price changes. Brada and Méndez 

(1988) argued that exchange rate volatility may promote adjustment in the balance of 

payments in the event of external shocks, and thereby operate so as to reduce the use of 

trade restriction and capital control policies to achieve equilibrium level in balance of trade and 

balance of payments. 

Côté (1994), in a comprehensive review of the literature, points out that the classical school 

has examined not only the presence of risk, but also its degree, which depends on such factors 

as whether production inputs are imported, presence of opportunity to hedge risk, and the 

currency in which the contracts are denominated. 
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Hooper and Kohlhagen (1978) similarly derived the demand and supply schedules of certain 

individual firms where the explanatory variables included the currency denomination of 

contracts, the degree of the firm’s risk aversion, and the percentage of risk-hedges in the 

forward market. The main contribution of the study was to allow nominal exchange rate 

volatility to only impact on the amount of risk that remains un-hedged.  

In addition, the study included a number of a priori assumptions, such as that importers are 

price takers (where imports are assumed to be inputs used to produce goods and services 

sold in the domestic market), that importers are facing a known demand curve, and that 

exporters sell all their products abroad in a monopolistic market framework. They found that 

increased exchange rate volatility leads to both downward shifting supply and demand curves 

where quantities and prices decline when importers face exchange rate risk (depending on 

the demand elasticity and their degree of risk aversion), and where the quantities decline and 

prices increase when exporters (suppliers) bear the risk. 

b) Risk portfolio school theory 

This theory views the theory of exchange rate volatility from a different perspective and argues 

that the classical school theory is unrealistic. This theory states that the convexity of the profit 

function makes exporters return from favourable exchange rate movements, and the 

accompanying increased output will surpass the decreases in profits associated with adverse 

exchange rates and decreases in output. Therefore, according to Pickard (2003), risk-neutral 

individuals will be attracted by these higher profit opportunities. 

Although the convexity of the profit function may imply a positive correlation between trade 

and exchange rate risk, the most prominent tenet of the risk-portfolio school examines 

exchange rate risk in light of modern portfolio diversification theory. Two important theoretical 

papers from the risk-portfolio school are those of Broll and Eckwert, (1999) and Dellas and 

Zilberfarb (1993). 

The Broll and Eckwert (1999) theoretical model demonstrates how exchange rate volatility 

increases the potential gains from trade. Their study uses an international firm that sells its 

products either entirely at home or abroad, and which must also determine which market to 

choose, but with incomplete knowledge of exchange rate volatility. Their theoretical construct 

results in a generally positive relationship between the variance of the foreign spot exchange 

and the volume of output and total export. 
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Dellas and Zilberfarb (1993) examine trade decisions in the framework of a portfolio-savings 

decision model under uncertainty. Their theoretical model assumes a small open economy 

with an individual domestic agent importing, exporting and consuming two products in two 

time periods, where asset markets are incomplete and the agent makes trade decisions with 

incomplete knowledge of price risk. The study also examines the effects of uncertainty, both 

in the absence of a forward market and with complete and incomplete hedging opportunities. 

De Grauwe (1988) argues that if producers are sufficiently risk averse, an increase in 

exchange rate risk raises the expected marginal utility of export revenue and induces them to 

export more. 

In conclusion, the theoretical results presented are conditional on the assumptions about 

attitudes towards risk, functional forms of specification, types of traders, presence of 

adjustment costs, perfect information, marketing structure, and availability of hedging 

opportunities. 

2.4.3 Empirical evidence of exchange rate volatility  

Mpofu (2016) analysed the determinants of exchange rate volatility in South Africa by using a 

GARCH model on monthly time series data for the period from 1986 to 2013. The results 

revealed that switching to a floating exchange rate regime has significantly and positively 

affected rand volatility in South Africa. The results also indicate that trade openness 

significantly reduces rand volatility only when bilateral trade exchange rates are used, while 

volatility increases if multilateral trade exchange are used. The study further identified the main 

determinants of rand volatility as being money supply, commodity prices, foreign reserves, 

and output production. The study can be criticised for not testing the results of the study with 

other estimation techniques in order to see which model fitted the data series. 

Danmola (2013) used ordinary least squares (OLS) and a Granger Causality test to analyse 

the relationship between exchange rate volatility on the macro–economic variables and 

economic growth in Nigeria over the period 1980 to 2010 and found a positive effect on gross 

domestic product. The exchange rate volatility also had a positive effect on foreign direct 

investment and trade openness, while exchange rate volatility had a negative effect on the 

inflation rate in the country. In contrast, Dickson (2012) applied a co-integration technique to 

model the relationship between exchange rate volatility in Nigeria with the time series data 

over the period 1970 to 2009. The results indicated a negative effect. These studies can be 
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criticised on model miss-specification and omitted variable errors, as the macro-economic 

policy regime is not included. 

Coudert, Couharde and Mignon (2011) argued for the use of the squared returns of monthly 

exchange rates over the GARCH model when estimating exchange rate volatility. Their 

justifications was that the results for both measures of volatility are very close and that squared 

returns are straight forward to use for calculating the parameters, as well as for interpreting 

the results. They used real exchange rates as the bilateral rates (nominal exchange rates) 

deflated by the consumer price index. 

Schmidt and Broll (2009) suggested a substitute measure of exchange rate volatility that is 

only able to capture the part of the volatility that is not explained by the law of one price. They 

elaborated further by arguing that currency volatility that is explained by the law of one price 

is a predictable factor, as it is based on known information. The authors focused on the 

unexplained part and defined this as the real exchange rate volatility. This is derived by 

subtracting the actual variance of the real exchange rate from the extracted volatility as 

explained by the law of one price. 

De Silva and Zhu (2008) used vector autoregressive (VAR) and error correction model (ECM) 

models to investigate the impact of exchange rate movements on trade balance and output in 

Sri Lanka in quarterly data from 1977 to 1998. The main variables used in the study were 

gross domestic product, trade balance, inflation, exchange rate, and foreign direct investment. 

The study indicated that devaluation improved the trade balance of Sri Lanka, but with no 

impact on real output. This study can be criticised on the ground that the model may have 

been miss-specified, as not all relevant variables were considered, such as interest rate and 

government policy. 

Wang and Barrett (2007) estimated the impact of the conditional mean and conditional 

variance of real exchange rates on Taiwan’s main exports by estimating an innovative rational 

expectations-based multivariate GARCH-M model, using sector and destination-specific 

monthly data from 1989 to 1998. They found that agricultural trade flows are quite significantly 

and negatively affected by high frequency exchange rate volatility that does not seem to 

impact on other sectors of the economy. Agriculture appears far more responsive, both to 

expected exchange rates and to expected volatility in the exchange rate, and less responsive 

to importer incomes, than do other sectors in Taiwan’s economy.  
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Adeyemi, Olubode-Awosola, Willemse and Van Schalkwyk (2006) used an autoregressive 

Maximum Likelihood Estimation technique to investigate the relationship between exchange 

rate risk and trade in South Africa by using monthly time series data from January 1998 to 

March 2006 on wheat. The study established exchange rate volatility, and the results indicated 

a negative relationship on wheat imports. The findings supported the similar results reported 

by Makhubela (2004) and the Food Price Monitoring Committee (FPMC, 2003). 

Todani and Munyama (2005) examined exchange rate volatility and exports in South Africa 

by using Autoregressive Distributed Lag (ARDL) bounding procedures on quarterly data for 

the period from 1984 to 2004. The results of the study showed there was no significant 

relationship between export flows and exchange rate volatility. However, the study suggested 

that exchange rate volatility was sensitive to the type of method used. 

Wang (2005) used a structural vector autoregressive (VAR) model to ascertain the 

determinants of the real exchange rate of China by using annual data for the period 1980–

2003. The study considered the role of all the macro-economic shocks, namely demand, 

supply and nominal shocks. The results showed that nominal shocks were the main factors 

affecting exchange rate volatility in China. Furthermore, the study suggested that supply 

shocks and demand shocks were responsible for the fluctuations in the exchange rate in 

China. 

Takaendesa, Tsheole and Aziakpono (2005) re-examined the impact of real exchange rate 

volatility on South Africa’s export flows to United States with quarterly time series data from 

1992 to 2004, using an exponential general autoregressive conditional heteroscedasticity 

(EGARCH) model. The study indicated that real exchange rate volatility had a negative impact 

on South African export flows to the United States of America. This study can be criticised for 

not showing how the ARIMA (p, q) was determined. 

Bah and Amusa (2003) investigated the impact of exchange rate volatility on export 

performance of South Africa by using autoregressive conditional heteroscedasticity (ARCH) 

and GARCH models with time series data for the period from 1992 to 2000. The study results 

indicated there was a negative effect of exchange rate volatility on exports in South Africa. 

The period of the data series used for this study is too short (1992–2000) for making valid 

inferences. 
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Yuan and Awokuse (2003) analysed the effect of exchange rate volatility on poultry exports 

from the United States of America with time series data for the period from 1976 to 2000. They 

used gravity models with different volatility measures and found that exchange rate volatility 

had a negative effect on trade in all the three static models, and was statistically significant in 

two of them. In contrast, Awokuse and Yuan (2006) later used three different methods 

(absolute percentage of change, moving average of standard deviation, and variance around 

trend) to investigate the effect of exchange rate volatility on US poultry exports in the same 

time series data for the period from 1976 to 2000. The findings this time were different and 

indicated that increased exchange rate volatility had a positive effect on US poultry exports. 

Sun, Kim, Koo and Jin (2002) estimated the effect of exchange rate volatility on wheat trade, 

worldwide, by using a modified gravity model for the period 1978 to1997. They found that both 

measures of short-term and long-term exchange rate volatility showed negative effects on 

world trade, while the long-run effect was even larger.  

Alexius (2001) used a vector autoregressive (VAR) model to ascertain the factors causing 

fluctuations in the exchange rate of four Nordic countries (Denmark, Finland, Norway and 

Sweden). The study used quarterly data over the period of first quarter 1960 to second quarter 

1998. The results showed that supply side shocks (productivity shocks) played a greater role 

in the variation of exchange rates in all the countries. However, the study pointed out that the 

shocks in these countries exchange rates were only experienced in the short run. 

Amano and Simon (1995) used Error Correction and Co-integration models to examine the 

relationship between the exchange rate and terms of trade in Canada and United States of 

America by using monthly data for the period from January 1973 to February 1992. The study 

found a positive long-run relationship between exchange rate and terms of trade. However, 

the study mentioned that changes in exchange rate occurred due to changes in terms of trade 

in these countries. 

Two studies (Cushman, 1983, and Kenen & Rodric, 1986) employed the standard deviation 

method to investigate the relationship between exchange rate volatility and trade. This 

measure was intended to capture the general movements in the real exchange rate volatility 

and therefore exchange rate risk, over time. The data set used in their research comprised 

macro-variables, such as the US money supply, output level, price level and interest rate, 

together with similar variables for the countries that the US traded with and the bilateral US 

imports and the nominal exchange rate. The results from these two studies suggested that the 
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effect of volatility on imports was weak, although permanent shocks to volatility did have 

negative impacts on trade. 

The empirical evidence of the effects of exchange rate volatility on agricultural trade has 

produced mixed results due to the different methods the aggregation, most of the studies 

reported a negative or inconclusive effect of exchange rate volatility, while a few studies found 

a positive impact, especially in the case of developed countries. In general, most of these 

studies can be criticised for model miss-specification errors, omitted variables trap, and short 

periods of the analysis, which might not properly capture the underlying exchange rate 

volatility. 

However, neither the theoretical nor the empirical evidence has agreed on the relationship 

between exchange rate risk and trade volume. Nevertheless, this can be attributed to the use 

of inappropriate functional form, omitted variables, different time horizons of the investigations, 

and diverse methods of estimating exchange rate volatility (Klaassen, 2004; Pickard, 2003; 

McKenzie & Brooks, 1997). 

2.4.4 Exchange rate volatility estimation techniques 

The literature reviewed reflects the many ways of estimating exchange rate volatility, which 

include the following: 

i. The moving average standard deviation (MASD). 

ii. The standard deviation of the first difference of the log real exchange rate (VOL). 

iii. Coefficient of variation (CV). 

iv. Markov switching method. 

v. Autoregressive conditional heteroscedasticity (ARCH) model. 

vi. General Autoregressive conditional heteroscedasticity (GARCH) model. 

vii. Squared residuals for Autoregressive integrated moving average (ARIMA). 

viii. Difference between previous, forward and current spot rates. 

ix. GINI mean difference coefficient. 
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x. Dummy for exchange rate regime. 

xi. Gravity model. 

xii. Co-integration and error correction model. 

xiii. Absolute percentage of change. 

xiv. Variance around trend. 

Although there is no general consensus in the literature on the appropriate method for 

measuring exchange rate volatility, the scope of the analysis, level of data aggregation, 

economic theory, and time horizon determine the approach that best fits the data. However, 

each of the above methodological approaches has its own advantages and disadvantages. A 

comprehensive review of each of the methods (see Vergil, 2002) can be found in the literature. 

The GARCH and it variant EGARCH models are a specification of an autoregressive process 

that allows for the inclusion of one or more lagged values of the dependent variable on its 

explanatory variables (Enders, 2010). Hence, according to Du and Zhu (2001), the GARCH 

models are stochastic processes with zero mean and constant variance that are used in 

generating exchange rate uncertainty. Furthermore, several authors (Klaassen, 2004; Engle, 

2001; West, Edison & Cho, 1993) in the literature review have argued that it performs better 

with high frequency time series data for a large number of observations. 

In addition, GARCH and EGARCH models can resolve the problem of autocorrelation in time 

series data (Matei, 2009). However, there are two distinct problems when using GARCH 

models, namely the non-negativity conditions of the variance may be violated by the estimated 

model, and the model cannot account for leverage effects, although they do account for 

volatility clustering and leptokurtosis in the data series.  

This study, therefore, used the exponential generalised autoregressive conditional 

heteroscedasticity (EGARCH) method proposed by Nelson (1991) and which has some 

advantages over the pure GARCH specification. Nelson and Cao (1992) argued that the non-

negativity constraints in the linear GARCH are too restrictive and that the EGARCH model can 

account for the leverage effect without being exposed to the danger of having to predict 

negative variance. 
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The EGARCH model allows for the fitting of an exponential function curve to historical time 

series data, which is more flexible for estimating exchange rate volatility and does not violate 

any of the classical regression analysis assumptions when it comes to spurious regression.  

The methodology used in this study incorporates new techniques in time series econometrics, 

namely co-integration, a vector error correction model, and the exponential generalised 

autoregressive conditional heteroscedasticity (EGARCH) mechanism to estimate supply 

response and real exchange rate volatility. These techniques have the advantage of 

overcoming the problem of spurious regression. Moreover, co-integration and the vector error 

correction mechanism have a unified empirical and theoretical framework that can be used to 

analyse the rational optimising behaviour of farmers, which is modelled in Chapter 5 of this 

study. 

2.5 SUMMARY AND CONCLUSIONS 

The literature review provides a broad perspective of the developments and contributions that 

have shaped the modelling of agricultural supply response and exchange rate volatility around 

the world, as well as of the introduction of current developments in non-stationary time series 

analysis. 

The Chapter begins with the theoretical foundation of supply analysis. The literature review 

section provided some explanations of the complexity of model building in supply response, 

despite the extensive body of research already conducted in both developed and developing 

countries. The general conclusion drawn from most of the studies is that supply response is 

inelastic and low for most crops, and comparison across crops types reveals that the supply 

response of perennial crops is higher than for other crops. 

In addition, the literature and empirical evidence reveals some ambiguous relationships 

between agricultural supply response and the key factors often specified in modelling a 

farmer’s response. The empirical evidence from the literature review represents a set of 

diverse findings in supply response studies. Just (1993) points to the diminishing stock of 

knowledge regarding supply elasticities, as evidenced by the continued variability in supply 

response estimates and the resultant lack of meaningful economic foundation (rational 

behaviour analysis) in the supply side agricultural policy. 
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Furthermore, the literature review and the empirical evidence of exchange rate volatility effects 

on agricultural trade flows are inconclusive regarding the method the aggregation, as most of 

the studies reported negative or inconclusive results, while a few studies found a positive 

impact, especially in the case of developed countries. The key findings indicate that while 

there are several methods used to model exchange rate volatility, the results of the empirical 

studies are ambiguous in respect of the method of analysis. 
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CHAPTER 3: OVERVIEW OF FIELD CROP PRODUCTION IN 

SOUTH AFRICA 

 

3.1 INTRODUCTION 

This section is linked with Chapters 2 and 4 of this study to provide an overview of the field 

crop sector in South Africa in order to identify the specific and relevant factors that determine 

supply response, and the interactions among these factors for maize, wheat, sorghum, barley 

and sugar cane. This will provide the necessary information needed for the formulation of the 

VECM model in Chapter 4. 

The outline of the Chapter is as follows. Section 3.2 discusses the contributions of agriculture 

to South Africa’s economy. Section 3.3 examines agricultural pricing system of field crops 

commodities, while Section 3.4 analysed some of the problems limiting field crop production 

and supply response in South Africa. Finally, the remaining sections present a detailed 

analysis of each of the crops under review to identify the key determinants/variables to be 

used in the empirical model in Chapter 4. 

3.2 THE CONTRIBUTION OF AGRICULTURE TO SOUTH AFRICA’S ECONOMY 

South African agriculture is dualistic in structure (Vink and Kirsten, 2003), consisting of a 

dynamic commercial sector that co-exists with a large numbers of subsistence/emerging 

farmers. The commercial sector is capital intensive, using hired labour, and is strongly linked 

to the international markets. In contrast, the subsistence/emerging sector is just evolving, 

following the deregulation of agricultural policies in the early 1990s. 

The total land mass of South Africa comprises 122.3 million hectares, of which farmland 

occupies approximately 82.3%. Commercial and developing agriculture utilise in the region of 

86.2 and 14.5 million hectares, respectively. The total area used for commercial agriculture is 

about six times that of developing/subsistence agriculture. However, according to the National 

Department of Agriculture1 (NDA), the total potential arable land in South Africa suitable for 

crop production is only 16.7 million hectares (DAFF, 2002). Moreover, according to the last 

                                                
1 Currently known as the Department of Agriculture, Forestry and Fisheries (DAFF) 
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Census of Commercial Agriculture taken in 2007 (Stats SA, 2011), the total area under field 

crop cultivation is about 4.8 million hectares, of which about 4.25 million (88.6%) is rain fed 

and about 543 616 (11%) are under irrigation. 

According to Stats SA (2011), there are approximately 32 000 registered commercial farms 

left in the field crops industry. According to Vink and Van Rooyen (2009), the maize and wheat 

commercial sectors have been the hardest hit by this decline in the number of farms, due to 

the persistent drought in the past decades. The effects have resulted in a remarkable decline 

in farm income, increased farming debts, lower areas under cultivation, and loss of farm 

labour, which are not good indicators for the growth of the national economy. 

Other authors (Liebenberg, 2013; Vink and Kirsten, 2003) have argued that smaller-scale and 

more marginal farmers have gone out of business as their input costs grew faster than their 

income did, which phenomenon is known as the cost/price squeeze effect. Furthermore, 

according to Vink and Kirsten (2003) and Van Rooyen (1990), some of these farmers, who 

were often reliant on government subsidies and soft loans from financial institutions such as 

the Land Bank, were faced with a situation where government support was phased out as the 

market deregulation policy was set in place in 1996. 

The contribution of agriculture to the South African economy seems to have been understated 

(as it does not include the contribution of the agro-processing and food retailing sector), and 

although the importance of agriculture in the overall economy has declined to about 2.4% in 

the last decades, it still contributed about 5.5% to total employment in the country in 2015 

(Stats SA, 2016). Broadly, the relative changes in the agricultural sector have been 

accompanied by changes in its structure, technology and constraints presented by many other 

factors. Table 3.1 below presents the relative contribution of agriculture, measured at ten-year 

intervals, over the past decades.  
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Table 3.1: Value of production in South Africa’s agriculture (million Rand) 

1950s 1960s 1970s 1980s 1990s 2000s 2010-16 

Field crops Million (R) 14 983 20 267 26 524 23 657 15 677 25 436 67 172 

Horticulture Million (R) 5 322 7 658 9 525 10 323 11 392 23 057 55 680 

Livestock Million (R) 19 907 20 533 21 761 24 775 20 518 40 856 98 140 

Total Million (R) 39 907 48 458 57 810 58 755 47 586 89 349 220 992 

Share of production value in percentages 

Field crops % 38 42 46 40 33 28 30 

Horticulture % 13 16 16 18 24 26 25 

Livestock % 49 42 38 42 43 46 44 

Sources: compiled by author; and from Liebenberg (2013). Notes: data represent 10-year averages 
(e.g. 1950s represents the average of 1950-1959), except for 2010-2016, which include 7-year values). 

 

The share of the field-crop sectors in the value of production was 38% in 1950s, but grew 

steadily to 46% in the 1970s, largely due to an expansion in the production of sugar cane and 

cereals (Liebenberg, 2013). However, the trend declined to 28% in the 2000s, before regaining 

its market share to around 30% from 2010–2016. The livestock industry has maintained its 

dominance as a potential growth sector, as it contributed 49% in the 1950s, 43% in the 1990s 

and then 44% as from 2010. The horticultural sector is another potential growth industry, as it 

has grown steadily from 13% in the 1950s to 18% in the 1980s, and to about 25% as from 

2010.  

The agricultural sector has strong forwards and backwards linkages with the input (e.g. seed 

and fertiliser), financial sectors and the agro-processing and food retailing sectors, and when 

combined together through value adding, the agricultural sector’s contribution to GDP is about 

17.5% (Stats SA, 2017). There has been a steady increase in the gross income of producers 

(the value of sales and production for other uses plus the value of changes in inventories) over 

the past six years.  

Table 3.2 below shows the level of farming income and debt in South Africa’s agriculture, as 

well as the ratio of total farming debt as a percentage of gross farming income, for the 

2011/2012–2016/2017 production seasons. In addition, the ratio of total farming debt has been 

rising upwards for the past six years, from 47.5% in 2011 to 54.3% in 2016, although there 

has been a corresponding gradual increase in gross farming income in the period under 

review. Gross farming income rose from about R167 million in 2011 to about R202 million and 
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R267 million in 2013 and 2016, respectively. Conversely, gross farming debt significantly 

shows an upward trend, from about R79 million in 2011 to about R133 million and R145 million 

in 2015 and 2016, respectively. This trend is also applicable to the field crop farming sector. 

Table 3.2: Gross farming income and debt in South Africa’s agriculture 2011–2016 
(million Rand) 

Years 2011 2012 2013 2014 2015 2016 

Farming income 167  186 203 226  243  267  

Farming debt 79  87 103 117 133  145 

FD/GFI in % 47.5 47.8 50.6 51.6 54.8 54.3 

note: GFI (gross farming income) and FD (farming debt)  
Source: DAFF (2017b) 
 

Furthermore, export growth has continued to increase, especially in the maize, horticultural 

and the sugar sectors, due to robust trade surplus in the production of agricultural 

commodities, despite the fact that net imports of processed foods have continue to rise, 

unabated. Trade data from DAFF (2017b) indicate that the agricultural exports of South Africa 

increased significantly, from R45 billion in 2008 to R83 billion in 2016 and to R97 billion in 

2017, while imports increased from R35 billion in 2009 to R77 billion and R97 billion in 2016 

and 2017, respectively (see, Subsections 3.5.4 and 3.5.6). Furthermore, according to 

Government Communication and Information Service (GCIS 2017), the share of agriculture to 

total South African trade was about 12% in 2017.  

3.3 AGRICULTURAL PRICING POLICY  

According to the OECD (2017), the long-term trend in agricultural prices has been predicted 

to be downwards for the next decade due to slower global economic growth. Albayrak (1997) 

asserts that the pricing policies and non-price policies (taxes on agricultural incomes and 

exports, public investments, and credit and input subsidies) can lead to a transfer of resources 

into (or out of) agriculture because they affect farm-gate prices and prices paid by the farmers 

for their inputs and other commodities they purchased (see Subsections 2.2.1 and 2.2.3). 

Agricultural pricing policy in South Africa had a long history of state intervention from 1944 to 

1996, and it created a single marketing channel with fixed prices for all agricultural products, 

such that agricultural co-operatives were appointed as agents by the relevant marketing 

boards (Vink & Kirsten, 2000). Under this arrangement, farmers were paid a fixed price at the 

point of delivery. According to Vink and Kirsten (2000), the fixed pricing arrangement created 
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a substantial cross-subsidisation from farmers closer to the market, at the expense of farmers 

further away from the market. This arrangement hindered supply response in the long run. 

The deregulation of agricultural market in 1996 reversed previous agricultural polices with 

respect to price formation of fixed prices, production quotas, and the policy of import protection 

and import substitution. In addition, the deregulation brought about several institutional 

changes, such as the agricultural futures market (South African Futures Exchange Market) 

that became the centre for price discovery for all traded agricultural commodities (Vink & Van 

Rooyen, 2009). 

The facility to hedge price risk plays a vital role in price determination and transparency in the 

local agricultural market. The price discovery on the derivatives market serves as the market 

reference price for all agricultural commodities in South Africa, such that production, trading 

and financing decisions are based on the prices discovered on the derivatives market (Maize 

Trust, 2014). However, according to NAMC (2008), there is still some serious concern about 

information asymmetries among large-market participants involved in input supply (seeds, 

chemicals and loans), grain traders, and processors who hedge on the SAFEX market. 

Price formation of agricultural products has become more efficient and a true reflection of 

competitive pricing in the domestic market (OECD, 2006), and the pricing model used is known 

as parity pricing. Parity pricing can be defined as the making of the price of a particular 

commodity equal or equivalent to a reference price for the same identical commodity in 

another location (USAID, 2008). In South Africa, two policy instruments used for price 

discovery in the domestic agricultural market and trade are the import parity price (IPP) and 

the export parity price (XPP). 

The import parity price can be defined as a measure of the value of a unit of a commodity 

bought from a foreign country, as valued at a geographical location of interest in the importing 

country. (i.e. it is the price at the border of a commodity that is imported, which includes 

international transport costs and tariffs). IPP is used to determine whether importing a 

particular commodity is cheaper or more expensive than producing and procuring it at a given 

location within the country is. Import parity prices are measured as the Cost, Insurance and 

Freight (CIF) price (USAID, 2008). 

Parr (2005) defined import parity pricing as a pricing policy adopted by suppliers of a product 

for their sales to the domestic market, according to which price is set at the opportunity cost 



 

62 

 

of a unit of an imported substitute product, and this implies that prices are set equal to the 

world price and converted into rand value, plus transport costs, tariffs and other costs that the 

customer would bear, if importing the product. Conversely, export parity pricing is a policy 

adopted by suppliers of a commodity for their sales to the domestic market, according to which 

the price is set at the net proceeds per unit from export sales.  

This also implies that the price is equal to the world price, converted to rand value, minus any 

transport costs, tariffs (in the destination market) and other costs that suppliers would incur if 

exporting the product. It also measures whether a country’s exports are competitive with the 

same commodity produced in another country. Exports are valued as the free on board (FOB) 

price (USAID, 2008; Parr, 2005). 

The main determinants of IPP and XPP are the various prices component built into the 

formulas. These are the world price, the exchange rate, transport costs, insurance and tariffs. 

The nature of the agricultural commodities (commodities with a ratio of low value to volume) 

has a great influence on the calculation, as they are more expensive to transport and so 

transportation costs constitute a high proportion of the costs. However, in cases where the 

transport cost is fairly constant, (low value to volume) products (process products) are less 

affected by changes in world price (in foreign currency) and changes in exchange rate (USAID, 

2008; Parr, 2005). 

Furthermore, the prices paid to agricultural producers in South Africa are influenced by the 

quality of the various agricultural commodities (SAGIS, 2017). Quality is determined by the 

official grading system and regulations promulgated under the Agricultural Products Standards 

Act, 1996, which governs the classification and grading of field crops, based on several 

qualitative factors (such as defectiveness of kernels, grain density weight, and nutritional 

values). 

However, the use of IPP in price formation in agriculture constitutes a reference price, and it 

may not necessary reflect the actual cost incurred by the producers. It is possible for the actual 

costs of production to be higher or lower than the import parity price is. If the costs of producers 

are lower than the IPP, producers would be stimulated to produce more and this will increase 

supply response. Conversely, if the IPP is lower than producer’s costs of production, and 

producers are constrained to sell at or below the IPP, then producers are susceptible to losses 

in the long run and supply response is constrained, especially where there is no competitive 

futures market where commodity producers can hedge their price risk (Parr, 2005). 
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In conclusion, in calculating parity prices, it is assumed that prices of the same commodity in 

different locations are only different because of transportation, marketing and transaction 

costs, and that domestic markets are competitive and well integrated with world markets, such 

as in South Africa. This is referred to as the law of one price (LOOP), while in situations where 

there is monopoly power in the market, there must be effective government regulations in the 

market (Mohanty, Smith, Peterson, Wesley & Meyers, 1996).  

3.4 CHALLENGES IN THE SOUTH AFRICAN FIELD CROP SECTOR 

The 21st century saw a substantial shifts in the structure, performance and challenges facing 

the South African agricultural sector (Liebenberg & Pardey, 2012). For the most part, these 

shifts represent a long-term pattern. The main challenges facing South African field crops 

(BFAP, 2017; Grain SA, 2008, NAMC, 2012) include, but are not limited to, the factors set out 

in the following paragraphs. 

Water scarcity has constituted one of most serious problems facing the field crop sector in 

recent decades, as South Africa is not a water surplus country. It is estimated that 83% of 

South Africa’s maize, 53% of the country’s wheat crop, and 73% of sugar cane are produced 

under dry-land conditions (Agric SA, 2016). The scarcity of water is the result of declining 

rainfall, climate change, and the ever-increasing demands for water by both the 

agricultural/industrial sectors and consumer households (BFAP, 2017; Grain SA, 2008, 

NAMC, 2012). 

Blignaut and Jan van Heerden (2009) assert that 60% of South Africa’s water is used for 

agricultural purposes. The problem is further compounded by recent droughts in the past four 

years (2015, 2016) and, according to BFAP (2017), the impact of the recent drought has great 

implications for producers and consumers in terms of adverse effects on current production, 

financial income, and debts of producers, as well as on rising food prices. 

Furthermore, the slow pace of land reform and policy uncertainty have continued to pose a 

great risk to the field crop sector. The recent pronouncement by the African National Congress 

government in 2017 regarding a policy shift in the land reform programme (land expropriation 

without compensation) has further unsettled agricultural stakeholders with regard to private 

property rights with respect to land and water (BFAP, 2018). While it is too early to quantify 

the full effects of this policy shift, there seem to be several implications, given the ambitious 

job creation targets set in the National Development Programme, 2030. 
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Furthermore, there is the problem of declining farming profitability attributable to the effects of 

rising input costs and transportation costs in the production processes. According to DAFF 

(2017b), input costs, as a percent of prices received by farmers, have been increasing by 

5.1%, on the average, as compared with increasing producers’ income of 4.3% between the 

2015/2016 and 2016/2017 production seasons. On the farming input side, NAMC (2010) 

estimated that the price of fertiliser rose by 245%, and fuel by 287%, within the period from 

1995 to 2010. These have negative effects on farm profitability, as these are major drivers of 

rising input prices.  

This was compounded by flat commodity prices in the past five years that have affected 

farmers’ incomes and debt profiles. The average percentage of total farming debt in the past 

ten years up to 2017 is 48%, which has negative effects on farming profitability since, for every 

one rand that a producer makes, forty eight cents are set aside to service debt. 

In addition, the non-tariff and unfair trade practices conducted by South Africa’s competitors 

in the global market are harmful to domestic production and the competitiveness of South 

African products. Domestic producers are faced with the high levels of subsidies and 

protection that farmers enjoy in European Union countries and in the United States of America, 

which depresses the global commodity prices paid to farmers. Hence, there is the need to 

institute similar policies to protect domestic producers (BFAP, 2017; NAMC, 2012). 

There is also the problem of lack of market access by small-scale subsistence and emerging 

farmers, given that they are not in a good position, financially, to transport and market their 

products in the domestic and international markets (BFAP, 2017; DAFF, 2017b, NAMC, 2012). 

Hence, there is a need to create programmatic marketing and trade policies that will enhance 

the marketing interactions between commercial and small-scale subsistence agriculture. 

Government’s poor handling of the import tariffs that displaced domestic producers from the 

planting system, especially in the sugar cane and wheat sectors, is another critical problem 

that needs to be handled properly to capture the dynamics within these sectors (BFAP, 2017; 

Grain SA, 2017, NAMC, 2012). The tariff structure carries different duties and is full of 

ambiguities for various tariff lines. There is a lack of an effective tariff alignment and this may 

not facilitate competitive input costs, nor is the tariff sufficient for protecting higher value added 

products. Moreover, ineffective regulations and lack of timely monitoring of standards on 

imports could also create effective import dependency.  
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According to several studies (BFAP, 2018; DAFF, 2013; OECD, 2006), the following aspects 

are envisaged to further expand or contract field crops production in South Africa: the success 

of the land reform programme, agricultural price policy, availability of more water and 

productive land for field crops production, market access for emerging small-scale farmers, 

the impact of climate change, exchange rate volatility on maize, wheat and sugar trade, impact 

of world grain prices, and progress towards WTO agreements on international agricultural 

trade. 

According to the BFAP (2017; 2018), predicting the future course of field crop production in 

South Africa in the 21st century in terms of future production trends and outlook is more likely 

to follow the historical trend of increasing farm size, driven by technological change and 

economies of scale. Furthermore, there is the possibility of further development towards 

vertical coordination of producers, handlers and processors through strategic alliances. This 

trend is part of what many researchers (Sonka, 2003; Johnson, 2002; C-FARE, 1994) have 

called the “industrialization of agriculture”. This “industrialization of agriculture” refers to the 

increasing consolidation of farming systems and to vertical coordination (contracting and 

integration) of the marketing value chain process of agricultural commodities. 

Against this background, a sub-sector analysis of each crop selected for this study is 

undertaken. The relative importance of these crops as staple food crops and sources of 

income in the national economy, as well as the availability of historical data, constitute part of 

the motivations behind their selection (Section 1.6). 

3.5 THE MAIZE INDUSTRY 

Maize is thought to have originated about 5000 years ago in the highlands of Mexico, Peru, 

Ecuador and Bolivia. It was introduced to Europe in 1492, and spread to Africa around the 15th 

century (IITA, 1982). Maize is an annual crop with high productivity that has exceptional 

geographic adaptability, which is an important property that has helped its cultivation to spread 

throughout the world. Maize became an important crop in Africa only after 1900, when different 

varieties were introduced by the Dutch in South Africa (Sanders, 1930). 

The production of maize is of great significance to South Africa as it is a major staple food 

crop for the majority of the population and the animal feed industry (Louw, Geyser, Troski, van 

de Merwe, Scheltema & Nicholson, 2010). According to Grain SA (2016), about 52% of the 

maize produced is white maize that is used for human consumption, while the remaining 48% 
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is yellow maize that is used by the animal feed industry. The animal feed sector is an important 

component in the maize marketing value chain process and production occurs in industrial 

mills or on farm holdings. The feed industry is sub-divided into five major categories – pigs, 

beef and sheep, diary, broilers and layers – with minor categories, such as for horses and 

ostriches. 

Maize, especially yellow maize, is a major ingredient used to manufacture animal feeds in 

South Africa, and according to DAFF (2016e), the inclusion rate of yellow maize raw material 

in feed milling production was, on average, about 52% between the 2009/10 and 2014/15 

production seasons. The industry’s production, on average, is about 3.5 million tonnes per 

annum, utilising about 4.5 million tonnes of yellow maize within the same period. 

The maize industry is divided into commercial and developing agriculture, and the number of 

commercial maize producers is estimated at 6 650 (Grain SA, 2017). It also employs about 

150 000 farm workers, apart from an estimated 12 000 to 13 000 people who are employed in 

the downstream milling, animal feed and processing industries. In terms of developing 

agriculture, DAFF (2013) estimated that there are over 200 000 emerging farmers and other 

subsistence farmers engaged in maize production on a small scale for household 

consumption.  

Within the South African context, the definitions of small-scale farmers and subsistence 

farming are blurred and vary considerably. According to Ortmann and King (2006), small-scale 

farmers are regarded as those being farmers who produce at subsistence level and are mostly 

found in the “former homelands” or “Bantustans” of South Africa. On the other hand, Kirsten 

and Van Zyl (1998) have defined small-scale farmers as those farmers whose scale operation 

is too small to attract the provision of essential agricultural services needed to significantly 

increase their productivity. 

According to Grain SA (2015), the maize sector attracts about 4.6% of the total labour force 

in South Africa. Furthermore, according to DAFF (2017b), the contribution of the maize 

industry to field crop production was about R27 556 million in the 2015/2016 production 

season, which represents 54.8% of the total gross income of R50 318 million. On average 

over the past five years, maize contributed 48% per annum to total gross income from field 

crop production in South Africa.  
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The importance of the sector can also be assessed from its multiplier effects on the other 

sectors of the South Africa economy. Upstream, the sector links primary agriculture with 

research institutes, input suppliers, co-operatives, banks and insurance companies, as well 

as a wide variety of farming models and products. The downstream provides a thriving agro-

processing sector, in which food processing, farm feeds, fertilisers, and energy and other 

agricultural products are also intermediate products (Louw et al., 2010). 

However, the contribution of the maize industry to the gross value of agricultural production 

has been volatile and fluctuating, more especially from the 2002/03 to the 2005/06 production 

seasons, mainly due to changes in the area cultivated that resulted from adverse climatic 

conditions and volatile international grain commodity prices (BFAP, 2015b). Figure 3.2 

illustrate the trends in gross value of contribution to maize production between 2001/02 to 

2015/16 in South Africa.  

From the Figure 3.1 below, it can be seen there was sporadic variability in the income from 

maize production from the 2001/02 to 2006/07 production seasons. The trend further shows 

a gradual recovery from 2010/11 as a result of good harvests and higher commodity prices, 

up to the 2012/13 production season. Maize production in South Africa tracks production 

trends in major global maize producing countries (USA, China, Brazil, Mexico, Indonesia and 

India) in the world market (BFAP, 2015a). The production season starts around the planting 

period in mid-October and December, and continues until the harvested period from late May 

to end of August. 
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Figure 3.1: Gross value of maize production (million Rand) 

Source: DAFF (2016b) 

3.5.1 Production areas 

Maize is produced throughout South Africa, although the major maize producing areas are 

divided into four rain-fed climatic zones as follows: the warmer summer part of the Western 

Region, comprising the western part of the Free State and the Northern Cape; the temperate 

Central Region, comprising the central Free State and Gauteng; the cold-winter Eastern 

Region of the Mpumalanga Highveld, much of the North West Province, and the eastern part 

of the Free State; and the KwaZulu-Natal region, which includes much of western/upland and 

central/midland areas (Maize Trust, 2014).  

The planting season for maize differs according to climatic characteristics, such that in the 

colder Eastern Region, it is from the beginning of October to the first week of November, in 

the Central Region, from the last week of October to mid-November, and in the drier Western 

Region, from the last week of November to mid-December (Maize Trust 2014; NDA, 2003). 

According to DAFF (2016b), the major maize producing areas during 2015/2016 production 

season in South Africa were: Mpumalanga province (30%), the Free State province (28%), 

Northern Cape (9%), KwaZulu-Natal province (7%), Gauteng province (6%) and Limpopo 



 

69 

 

(4%). The figures for the others areas were Eastern Cape province (1%) and Western Cape 

province (1%).  

The total area under maize cultivation in South Africa varies from year to year, depending on 

climatic conditions and global grain market outlooks. On average, over the past 20 years, the 

area under maize cultivation has been about 2.685 million hectares per annum, with a total 

average production of 10.27 million tonnes per year. In addition, an average of 460 000 

hectares per annum are planted by small-scale subsistence farmers producing, about 460 000 

tonnes per year, from a mix of saved seed, hybrids and open pollinated varieties (SAGIS, 

2018a). 

The areas under irrigation for white and yellow maize production are about 8% and 17%, 

respectively, while about 92% of white maize and 83% of yellow maize are produced on dry 

land (DAFF, 2016f). Table 3.3 below, illustrates the changes in maize producing areas, in 

percentages, from 2007/08 to 2016/2017. The Free State, Mpumalanga and North West 

provinces were the major producers of maize in the period under review, constituting, on 

average, 80% of total area planted, and the pattern of area under cultivation varies slightly, 

but is stable for most of the provinces.  

Other provinces also maintain fairly stable areas under maize cultivation, as shown in Table 

3.3. However, it seems that the maize area under cultivation has shifted a little towards areas 

with higher rainfall and better soil quality, such as Mpumalanga, Gauteng and Limpopo, and 

that farmers are using mitigating strategies (intensive application of other inputs, as the 

flexibility to shift area planted is limited) to confront climatic variability (BFAP, 2015b). 

 

Table 3.3: Maize area production pattern (2007/08 – 2016/17) 

Province 
/Season 

Free 
State 

North 
West 

MP* Northern 
Cape 

Gauteng Limpopo Eastern 
Cape 

KZN* 

2007/08 39% 22% 23% 5% 4% 2% 1% 4% 

2008/09 38% 21% 24% 5% 4% 3% 1% 4% 

2009/10 40% 22% 21% 5% 5% 2% 1% 4% 

2010/11 39% 23% 21% 5% 5% 2% 1% 4% 

2011/12 40% 22% 21% 5% 5% 2% 1% 4% 

2012/13 41% 14% 25% 6% 5% 3% 1% 5% 

2013/14 44% 20% 20% 5% 4% 2% 1% 4% 

2014/15 40% 15% 24% 7% 5% 3% 1% 5% 

2015/16 28% 17% 30% 9% 5% 4% 1% 6% 

2016/17 42% 19% 21% 4% 6% 4% - 4% 

*MP means Mpumalanga Province. KZN* means Kwa-Zulu Natal 
Source: DAFF (2017a) 
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3.5.2 Production trends  

In a particular production season, the quantity of maize available to the domestic market 

comprises the addition of maize harvested plus carry-over stock from the previous production 

season, as well as maize imports (SAGIS, 2017). The production season for maize starts from 

October to March for summer grain, and April to November for winter grain (Subsection 3.5.1), 

while the marketing year is from April to May of the preceding year. 

The total average maize production in South Africa over the past 20 years has been about 

10.8 million tonnes per annum (see Subsection 3.5.1) and this represents the highest 

production in Africa. In comparison, however, the top three major global maize producers in 

2017 production season were the United States of America (384.8 million tonnes), China 

(219.6 million tonnes), and Brazil (98.5 million tonnes). Most of these countries have increased 

maize production through a combination of increased area planted and increased yields 

(USDA, 2018a). According to Food and Agricultural Organisation (FAO 2017), South Africa is 

ranked in 10th position in the world, based on its total maize production of 15.5 million tonnes 

in 2015. According to the United States Department of Agriculture (USDA, 2017), 68% of the 

global maize production is produced by USA, China and Brazil. 

Over the past fifteen years, the area planted for maize production has been erratic due to 

climatic factors and declining producer prices and yields, while human consumption and 

animal feed demands have been rising by leaps and bounds (BFAP, 2015b). According to 

SAGIS (2018b), maize production by the non-commercial sector is estimated to have been 

435 740 tonnes per annum over the past five years, and maize produced by this sector is 

mainly for own use, and contributes only about 6% to total maize production in the country. 

Figure 3.2 below shows the proportions of areas planted, production and yields for maize over 

the past 13 years (20003/04 to 2015/16). The variability in production is reflected in the 

fluctuations in yields and climatic factors. The total area under cultivation remains fairly stable, 

and increases in production have been achieved through the improvement in production 

practices, the use of high-yielding maize seedlings (new cultivars), and technological 

innovations (BFAP, 2015b). 

The total area under maize cultivation, as shown in Figure 3.2, varies from a low of 1.6 million 

in the 2005/06 production season to the highest area planted of 2.8 million hectares in 

2003/04. The lowest production quantity was 7.1 million tonnes, with a yield of 4.1 tonnes per 
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hectares in 2005/06, and the highest was 14.2 million tonnes with a yield of 5.3 tonnes per 

hectare in the 2013/14 production season.  

 

Figure 3.2: Maize area planted, production and yield from 2003/04 to 2015/16 

Source: SAGIS (2017) 
 

3.5.3 Prices, quality and grading 

The South African maize industry is characterised by volatile prices that have been 

experienced following market deregulation in 1996. According to DAFF (2017c; 2016b), a 

number of factors play a major role in determining maize prices on the South African futures 

market. These factors include the spill-over price effects arising from demand and supply 

signals received from the international grain commodities markets, which influence maize spot 

and futures (near-term) prices during any given season. Furthermore, these international 

prices are often volatile, as market behaviours are mostly driven by demand and supply 

fundamentals in major grain producing countries, and they furthermore determine what 

happens to the prices of similar products, such as wheat, barley, and oats. 
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Moreover, international prices influence the demand and supply of maize in South Africa, as 

well as the interactions between the prices of yellow maize and white maize, together with the 

demand and supply for complementary products, such as seedlings, fertiliser, fuel and 

equipment, and substitute products (sunflower, grain and sorghum). 

In addition, the production and consumption of maize in the Southern African Development 

Community (SADC) region, including policies of neighbouring countries with regard to 

acceptability or not of genetically modified (GM) maize products, influences the domestic 

prices. 

Import tariffs on maize also affect price determination in the domestic market, as any unfair 

trade practices conducted by South Africa’s competitors in the global market are harmful to 

domestic maize production, and depress prices paid to farmers. The maize import tariff is used 

to protect producers from low prices of maize imports, and is calculated according to the 21-

day moving average Free on Board price in the USA as the reference for the initial price. In 

case the moving average deviates from the reference price, a new tariff is then triggered 

(DAFF, 2017c). 

The stock level and the domestic production of maize comprise another dominant factor, as 

maize requires more favourable climatic conditions for growing, while sudden turns in weather 

could pose a severe challenge to production and yield, which consequently can affect prices. 

Furthermore, the profitability of exporting or importing maize is largely determined by the 

exchange rate and maize quality (SAGIS, 2017). Exchange rate volatility could present a 

serious risk to price determination, if not effectively managed, while maize is assigned different 

types of grades and classes, depending on a set of physical descriptions and qualities, such 

as the minimum weight test per bushel, nutritional values, and maximum limits of damaged 

kernels and foreign material.  

Premiums are usually paid for the best grades, based on official grading regulations that are 

promulgated under the Agricultural Products Standards Act, 1990. The various qualities of the 

maize destined for export and import markets are confirmed under export or import certificates 

(as the case may be) that are issued by the Perishable Products Export Control Board 

(PPECB) and Perishable Products Import Control Board (PPICB), as the official assignees of 

the Department of Agriculture, Fisheries and Forestry (SAGIS, 2017).  
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Currently, the domestic price of maize differs from one location to another, depending on 

transportation costs. The transport differential is represented by a calculated transport tariff 

published by the South African futures exchange (SAFEX). The differential uses Randfontein 

as a reference point, from which a transport cost is calculated in kilometres per tonne for each 

of the SAFEX-registered silos (SAGIS, 2017). 

Hence, the transport cost deductions and silo service fees is used in calculating the farm-gate 

price. Furthermore, prices can also fluctuate depending on the differences between the import 

and export parity prices reflected on the SAFEX futures market. One major advantage of using 

this pricing system is that it represents the international or ‘border’ prices used to measure the 

economic value of a crop such as maize (Ellis, 1992), and it is useful for comparing agricultural 

product prices across borders. At the same time, it has increased efficiency and equity in the 

market (Vink & Kirsten, 2002) and has also improved the productivity of farmers, to the extent 

that maize has become a highly-traded commodity (Chabane, 2004). 

Conversely, the system has some salient drawbacks, which include exposing farmers to high 

price volatility and production risks. Many small-scale farmers have left the field crop sector 

as a result of unstable prices (NALEDI, 2002). In addition, it leads to a link being established 

between exposure to international grain markets and the exchange rate, and according to 

Chabane (2004), this has had severe effects on the price of maize, with small-scale farmers 

being unable to deal with such price volatility through hedging or insurance.  

Furthermore, the speculative behaviour of market participants can make collusion very easy, 

in the absence of rigorous monitoring and controls. Furthermore, delays can be substantial 

(e.g. clearing customs, bad roads and severe weather conditions) which creates problems that 

could reduce the competitiveness of South Africa. 

On the SAFEX futures market, farmers and traders can hedge their price risk, either directly 

or indirectly, by trading either on spot or on future contracts in maize derivative products. The 

two markets (spot and futures markets) are closely interlinked and they both facilitate the 

efficient functioning of agricultural trade (Maize Trust, 2014). 

The spot market price (cash market price) represents a specific market place for immediate 

settlement of commodities derivative instruments, and the prices reflect the current market 

prices for the particular day/time that buyers and sellers are willing to transact. On the other 

hand, the futures market is also a market place where buyers and sellers trade in commodities 
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derivatives, but for delivery on a specific date in the future (Kolb, 2003). Pricing in the futures 

market tracks the prices of the underlying derivative product in the spot market. Hence, futures 

derivatives offer a better alternative than the equivalent cash market does. 

Two major differences between the two markets are that spot prices are traded under the 

counter, and price settlement occurs within two working days, whereas in the futures market, 

settlement is only made on a future date at a price (fixed price today) to be paid at the time of 

a delivery, and futures contracts are marked to market (settlement and corresponding 

transfers of funds are done on a daily basis to reduce credit risk by the exchange). The use of 

derivatives market products encourages farmers and market traders to increase productivity 

in agricultural sectors, and users are able to concentrate their efforts on managing production 

risks (Pindyck, 2001). 

Table 3.4 below reflects the average producer prices for maize over the past 14 years and the 

yearly percentages in prices (2002/03 to 2015/16). The producer price of maize increased by 

74%, from R934 per ton in 2002/03 to R1666 per ton in the 2007/08 marketing season. These 

increases in producer prices were largely attributable to better dry weather conditions, lower 

domestic maize stock levels, higher global commodity prices, and a decrease in area planted, 

and thus reflect a tighter supply situation and producer price movement towards import parity 

prices. On the other hand, from the 2008/09 to the 2009/10 marketing years, the producer 

prices experienced a downward swing, reflecting lower global commodity prices and producer 

price movement towards export parity prices. 

However, there were upward increases in producer prices from 2013/14 to 2015/16, as the 

world economy and global commodity prices recovered. The yearly percentage changes in 

average producer prices are also volatile and unstable, from -0.14% in 2004/05 to -20.8% in 

2008/09, while in other years, the percentage changes in average producer prices have been 

sporadic, without any distinct pattern.  
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Table 3.4: Average maize producer prices 

Marketing year Producer prices 
(R/Tonne) 

Yearly percentage 
change 

2002/03 933.79 - 

2003/04 836.19 -5.51% 

2004/05 630.47 -0.14% 

2005/06 970.90 0.21% 

2006/07 1 606.68 24.67% 

2007/08 1 665.61 1.80% 

2008/09 1 304.94 -12.14% 

2009/10 1 004.84 -13% 

2010/11 1 531.06 20.8% 

2011/12 1 969.09 12.5% 

2012/13 2 006.36 0.94% 

2013/14 1 909.29 -2.48% 

2014/15 2 338.75 10.11% 

2015/16 3 226.49 15.95% 

Source: DAFF (2017b) 

Maize has different types of grades and classes, which are assigned according to a set of 

physical descriptions or qualities, such the minimum weight test per bushel, nutritional values 

and maximum limits of damaged kernels and foreign materials. Table 3.5 below, shows the 

different grades adopted for maize in the United States. Each class is divided into five US 

numerical grades and one US sample grade. Special grades are provided to emphasise 

special qualities or conditions that affect the value, and are added to and made a part of the 

grade designation (USDA, 2013). 

In the international market, maize classes are determined on the basis of colour (yellow, white 

or mixed) and are graded according to the US grading system, from 1 to 5 (Abbassian, 2008). 

The number 2 grade of maize is widely used globally as a representative price for maize and 

other coarse grains.  
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Table 3.5: Grade requirements for maize in the United States (%) 

 
 

Grade 

Minimum Limits of - Maximum Limits of - 

Test weight per 
 bushel (pounds) 

Moisture 
(%) 

Heat-
Damaged 
kernels 
(%) 

Damaged 
Kernels 
total (%) 

Broken 
Maize 
and 
Foreign 
material 
(%) 

U.S. No. 1 56 14.0 2 3 0.1 

U.S. No. 2 54 15.5 3 5 0.2 

U.S. No. 3 52 17.5 4 7 0.5 

U.S. No. 4 49 20.0 5 10 1.0 

U.S. No. 5 46 23.0 7 15 3.0 

U.S. Sample Grade 

U.S. Sample grade is corn that: 
a) Does not meet the requirements for the grades U.S. Nos. 1, 2, 3, 4 or 5; or 
b) Contains stones which have an aggregate weight in excess of 0.1 percent of the sample weight, 
2 or more pieces of glass, 3 or more crotalaria seeds (Crotalaria spp.), 2 or more castor beans 
(Ricinus communis L.), 4 or more particles of an unknown foreign substance(s) or a commonly 
recognized harmful or toxic substance(s), 8 or more cockleburs (Xanthium spp.) or similar seeds 
singly or in combination, or animal filth in excess of 0.20 percent in 1,000 grams; or 
c) Has a musty, sour, or commercially objectionable foreign odour; or 
d) Is heating or otherwise of distinctly low quality. 
 

Notes: 1 bushel = 0.0254 metric tonne, and 1 tonne = 2204.6 pounds 

Source: USDA (2013) – Agricultural Marketing Service 
 

In South Africa, maize quality is determined by official grading regulations, promulgated under 

the Agricultural Products Standards Act, 1990, which govern the classification and grading of 

maize, based on several qualitative factors such as defectiveness of kernels above and below 

passage through a 6.35 mm-sized sieve, total defective kernels, other colour, grain density, 

and nutritional values (SAGL, 2016). Other classifications of white and yellow maize include 

WM1, WM2, YM1, and YM2 designations. These other classifications are based on the milling 

index of the maize crop, and they measure the milling characteristics and milling qualities of 

maize kernel. A higher milling index means a higher extraction of the high-grade and most-

profitable products like samp, maize rice and maize-grits (de-germed products) (SAGL, 2016). 

South Africa produces a high-quality maize crop, as compared with any other countries of the 

world. The weighted average of the percentage of defective kernels, above and below 

passage through a 6.35 mm-sized sieve, are 80% and 27%, while the percentages of foreign 
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matter, ‘other colour’, and the combined deviations of both white and yellow maize were 4%, 

6% and 90%, respectively, over the 2007/08 to 2016/17 seasons (SAGL, 2018). 

3.5.4 Consumption 

According to Vink and Van Rooyen (2009), the maize industry in South Africa has become 

more efficient since market deregulations were implemented in 1996. According to DAFF 

(2017b), about 50% of the maize produced in South Africa is used for human consumption, 

40% is utilised in the animal feed industry, and the balance is used for planting seed, exports 

and industrial purposes (Section 3.5).  

South Africa has been self-sufficient in domestic maize production over the past ten years, 

with the exception of the 2007/08 and 2015/16 marketing seasons when maize imports had to 

complement local production. For the 2015/2016 marketing season, the total demand for 

maize in the domestic market and export was about 11 253 million tonnes, comprising 4 901 

million tonnes of white maize and 6 352 million tonnes of yellow maize (DAFF, 2016b). On 

average, the total domestic consumption over the past 18 years has been about 10.2 million 

tonnes per annum, and within this period, the average total for human consumption has been 

about 8.3 million tonnes per annum, with the consumption of maize being expected to rise as 

the population continues to grow. 

Maize is a major food staple consumed by millions of people in South Africa and in the 

Southern African sub-region (Maize Trust, 2014; Chabane, 2004). It is consumed in the form 

of maize meal, maize flour and corn oil, while its associated by-products that are used for 

industrial purposes include corn starch, corn syrup, dextrose and maize grits. In addition, 

yellow maize is mainly utilised by the animal and poultry feed industries in the form of 

feedstock and animal oil. 

The domestic production and consumption of maize has an important role to play in the food 

security of South Africa at national and household levels, and for the economic well-being of 

its citizen in terms of income generation and employment opportunities. According to DAFF 

(2016b), there is the need to either increase production or import considerably larger quantities 

to meet the increasing domestic demand as the population continues to grow. 

Figure 3.3 below, shows the trends in production deliveries, domestic consumption, net 

balance and price of maize over the past seven years (2009/10 to 2015/16). The total 
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consumption, on average, has been about 10.4 million tonnes per annum over the past five 

years (DAFF, 2017b; SAGIS, 2017), while the domestic demand was quite stable over this 

period. In most years, the domestic demand is met, although South Africa did have to import 

about 2.4 million tons in the 2016/2017 production season to cushion the tight domestic supply 

that, according to Grain SA (2017), was due to a poor harvest as a result of unfavourable 

climate conditions in the previous season.  

On the global stage, the five top major consumers of maize in 2017 were the United States of 

America (313.9 million tonnes), China (232 million tonnes), the European Union member 

states (73.7 million tonnes), Brazil (60.6 million tonnes), and Mexico (40.4 million tonnes) 

(USDA, 2017). 

 

Figure 3.3: Maize production deliveries, domestic consumption, net balance and price 
trend from 2009/10 to 2015/16 

Sources: DAFF (2016b) and SAGIS (2017). 

Table 3.6 below illustrate the trends in the maize balance sheet from 2000 to 2016 with respect 

to actual production, human consumption, export, imports and the volume of domestic human 

consumption sourced from imports. Table 3.6 below indicates that, for most years, South 

African maize production was able to meet the requirements for domestic human 
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consumption, with the exception of four occasions, namely 2006, 2007, 2015 and 2016 when 

imports had to complement domestic production in those years. In 2006, 466 000 tonnes were 

sourced from imports to complement domestic human consumption levels, and this volume 

rose to 560 000 tonnes in 2007. Similarly, in 2015 and 2016 when there were severe shortages 

in production, 982 000 tonnes and 1.1 million tonnes were used for human consumption from 

imports.  

Table 3.6: Maize balance sheet from 2000 to 2016 

 
Year 

 
Actual 
producti
on 

 
Human 
consumption 

 
Net 
balance 

 
Export 
quantity 

 
Import 
quantity 

 
Net 
balance 

  
Imports  

(Quantity in 000 Tonnes) 

2000 10 409 6 852 3 557 1 488 0 1 488 0 

2001 7 936 7 151 785 1 335 395 940 0 

2002 9 310 6 983 2 327 1 188 925 263 0 

2003 8 409 7 243 1 166 1 185 441 744 0 

2004 9 093 7 283 1 810 832 219 613 0 

2005 10 055 7 462 2 593 2 237 360 1 877 0 

2006 6 707 7 660 (953) 597 931 (334) 466 

2007 6 882 8 029 (1 147) 534 1 120 (586) 560 

2008 11 899 8 613 3 286 2 269 27 2 242 0 

2009 11 629 8 658 2 971 1 796 27 1 769 0 

2010 12 016 8 857 3 159 2 194 0 2 194 0 

2011 10 340 8 941 1 399 2 575 421 2 154 0 

2012 11 929 8 935 2 994 1 946 11 1 935 0 

2013 10 992 9 349 1 643 2 233 80 2 153 0 

2014 13 828 9 927 3 901 2 156 65 2 090 0 

2015 9 794 10 249 (455) 880 1 964 (1 084) 982 

2016 7 470 9 839 (2 369) 1 026 2 237 (1 210) 1 118 

Source: SAGIS (2018b) 

Table 3.7 below, illustrates the per capita consumption of maize from 1999 to 2016. There has 

been significant growth in the per capita maize consumption in South Africa over the review 

period, given that maize is a major staple food for millions of South African. The per capita 

consumption was 81.09 kilograms per year in 1999, and then it declined to 75 kilograms per 

year in 2004, before reaching the highest peak of 93.31 kilograms in 2008 (Ronquest-Ross, 

Vink & Sigge, 2015). 
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However, as household incomes increase, consumers seem to move away from the 

consumption of maize-based products to high-value processed food, like diary and meat. 

There has been a slight downwards trend from 2013, dropping from 83.03 kilograms per year 

to 69.87 kilograms per year in 2016. 

Table 3.7: Per capita consumption of maize 1999–2016 

Year kg/year year kg/year 

1999 81.09 2008 93.31 

2000 90.46 2009 83.74 

2001 70.73 2010 91.75 

2002 76.85 2011 74.72 

2003 82.53 2012 77.81 

2004 74.89 2013 83.03 

2005 89.04 2014 80.76 

2006 65.67 2015 70.83 

2007 66.16 2016 69.87 

Source: DAFF (2017a) 

3.5.5 Maize marketing value chain process 

Figure 3.4 below illustrates the maize marketing value chain process in South Africa, which 

comprises five different levels. At the top end of the value chain, there is research and 

biotechnology, which together and singly play a critical role in terms of improving the 

technologies and genetics of maize cultivars. The input suppliers are involved in the delivery 

of farming inputs such planting seeds, fertiliser, fuel, trucks and mechanisation, pesticides, 

herbicides, credit, and financing. These input supply companies supply their various products 

to the farmers/producers who are responsible for the actual cultivation of maize (DAFF, 

2017c). 

The farmers/producers deliver most of their maize to the silos that are nearest to them, which 

are then responsible for grading, bagging (in supply silo bags) and storing the maize. However, 

some producers do sell directly to the domestic market. The maize at the silos is sold by the 

maize traders to the international market for export and to the domestic market. While at the 

same time, yellow maize is also imported from the international market for storage in the silos.  

In the domestic market, three forms of value adding takes place, namely where maize is used 

by the milling industry for human consumption, by the animal feed industry, and by other 

processors (wet milling or brewing). 

The value-added products are then delivered to the wholesalers and retailers who sell the 

products to the final consumers, and also for export. Hence, the whole value chain process 
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involves various specialised aspects of input supply, production, logistics, handling and 

distribution, marketing and sales, final consumption, and after-sales services. 

The primary sector consists mainly of input suppliers, maize producers and silo owners. Silo 

owners provide storage and handling facilities for storing and grading the maize. The 

secondary sector consists of millers, animal feed manufacturers and other processors, while 

the tertiary sector is made up of traders, wholesalers, retailers and transporters.  

The traders move the maize produce to the domestic or export markets. There are three types 

of traders in the maize value chain, namely hedgers who trade in the futures and options 

market to protect an existing portfolio against possible adverse price movements, arbitrageurs 

who trade to profit in price differentials of maize in different markets, and speculators who 

trade in futures and option derivatives for profit. 

The wholesalers and retailers provide infrastructural facilities and services for the distribution 

of maize products from millers to the final consumers, and transporters are responsible for the 

logistics and distribution of maize from the farmers to the silos, from the silos to the millers, 

and from the intermediaries to the final consumers. 
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Figure 3.4: Maize marketing value chain process in South Africa 

Source: Adapted from Maize Tariff Working Group (2005) 

3.5.6 Export and import of maize 

South Africa is a net importer of yellow maize and a net exporter of white maize (BFAP, 

2015b). According to Louw et al. (2010), South African maize exports can be subdivided into 

two, namely the deep-sea exports and African exports. Deep-sea exports mainly pass through 

Durban and East London to the Middle and Far East, as well as to Madagascar, the 

Seychelles, Mexico and the Mauritius. The deep-sea parity price consists of the FOB (Free-

on-Board) price, plus a premium according to maize quality differences, and the shipping and 

harbour costs. Regarding African exports via road and rail, South Africa competes with the 

cheapest other alternatives for the importing country, as export parity is the lowest price 

converted Rand (Louw et al., 2010). 

The maize industry is a source of foreign exchange earnings for the South African economy, 

through the export of maize and associated products, such as maize flour, animal feeds, 
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industrial alcohol and sweeteners. According to DAFF (2016b), exports are mainly made to 

neighbouring countries such as Zimbabwe, Botswana, Lesotho, Namibia and Swaziland. On 

the other hand, and as a result of sharply lower maize production in the last two seasons, 

about 95% of white maize imports are from Mexico, with 87% of the yellow maize imports 

coming from Argentina and 11% from Brazil.  

Figure 3.5 below reflects South Africa’s trade performance in exports, imports and trade 

balance for maize in millions of rand, from 2009 to 2016. South Africa exported more maize 

than it imported for all the years under review, and although both exports and imports values 

show some fluctuations, the results show a positive trade balance. It was only in 2013 and 

2016 that there were significant maize imports.  

 

Figure 3.5: Maize trade performance in exports, imports and trade balance, 2009–2017 
(million Rand) 

Source: ITAC (2018) 

The international commodity market prices, especially those in the US market, have a 

dominant influence on domestic maize exports, as discussed in Subsection 3.5.4. Major global 

maize importers in 2017 were the European Union (15.2 million tonnes), Japan (15.2 million 

tonnes), Mexico (14.6 million tonnes), and Vietnam (8.5 million tonnes) (USDA, 2017). In the 

2016/17 production season, global South African maize exports amounted to 751 thousand 
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tonnes, while 1.9 million tonnes were imported to complement domestic production and futures 

market trading.  

Table 3.8 below shows the volumes of maize exported to Southern African Development 

Community countries and the world from 2009 to 2016. The maize exports show an increasing 

trend to the SADC region, with occasional spikes of high and low volumes. The region 

accounted for about 26% of total maize exports in 2009, and this grew rapidly to about 94% 

in 2015 and 97% in 2016 due to unstable production levels in the region.  

Maize exports to SADC countries grew from 437 000 tonnes in 2009 to 922 000 tonnes in 

2016. Generally, the total volume of maize exports to the international market has shown wide 

fluctuations, from 1.7 million tonnes in 2009 to 3 million tonnes in 2011, and to the lowest of 

762 000 tonnes in 2015 due bad harvests in the 2014/15 production season.  

Table 3.8: Volume of maize export to SADC countries (2009–2016) 

Year/Countries 2009 2010 2011 2012 2013 2014 2015 2016 

(Quantity in 000 Tonnes) 

Total Exports 1 660 1 669 3 000 1 579 2 603 2 148 762 1 027 

% change         

SADC  437 620  590  622  921  943  719  992  

% change         

Botswana - 158  167  203  192  199  174  211  

Swaziland - 76  88 92 90  91 96  136 

Namibia - 77  70  64  213 151 234 111 

Lesotho - 119  150  163  85 116 109  140 

Zimbabwe 263 99  11  11  212  237  2 298 

Mozambique 81  73  92  82  112  133  89 82 

Zambia 53 0.77 0.86 0.72 3 2  0.59 1  

Tanzania 14 0.70 0.55 0.01 0.66 0.28 0.64 0.39 

Malawi 11  1  0.73 0.08 0.096 0.11 0.48 4 

Madagascar 7  4 7  2 6  3 8  3  

Angola 3 0.26 2  4 6 9  4 6 

Congo DRC  3  0.63 0.32 0.37 1  2 0.66 0.44 

Mauritius 0.13 10 0 0.024 0.025 0.096 0.165 0.932 

Seychelles 2 0.100 - - - 0 0.001 0.003 

Source: ITAC (2018)  

Tables 3.9 and 3.10 below show the volumes of maize exports to the international markets, 

as well as maize imports. It shown in Table 3.9 that the Asian countries offer a source for 

potential growth, and that South African exports are mainly shipped to South and North Korea 
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and to Japan. On the other hand, South Africa’s maize imports, mainly yellow maize, are 

sourced from Argentina and Ukraine, and occasionally from the USA. 

Table 3.9: Volume of maize exports to international markets 

Year/Countries 2010 2011 2012 2013 2014 2015 2016 2017 

(Quantity in 000 Tonnes) 

Korea, DPR 0 0 0 148  5.3 5.4  6  3  

Mexico 72 116 0 190 0  0 0  0 

China 0 0 0  0.47  0 0 0 0 

South Korea  814 347  0 148 214 2.3 0 212 

Taiwan 51 162  0 166 679   0   0 262 

Japan 98 49  0  596  198  0 0 766 

Italy 131 68 0 0 50 0  0 0  

Spain 26 0 0 0 0 0 0 88 

Vietnam 0  0  0 0 0 0 0 55 

Iran 0 41 0  0 0  0 0  0  

Qatar 0 0 0  0 0 0  0 5.5 

Venezuela  0  0 0 0 0  0 0 32 

Saudi Arabia 0 0 0 0 56 0 0 0 

Portugal 36 0 0 0 52 0 0 0 

Kuwait 82 28 0 0 0  0 0 0 

Source: SAGIS (2018b)  

Table 3.10: Volumes and sources of maize imports (2009–2016) 

Year/Countries 2009 2010 2011 2012 2013 2014 2015 2016 

(Quantity in 000 Tonnes) 

Total Imports 27 - 422 - 80 65 1 918 2 237 

USA - -  -  -  -  -  28  245 

Mexico - -  - - -  - 5 500 

Argentina - -  -  -  - 65 1120 990 

Brazil 27 -  -  -  - - 502  94 

Zambia - -  134  -  -  -  22 - 

Ukraine -  -  146  -  80  -  28 372 

Romania - - 141 - - -  - 36  

Paraguay - - - - - - 213 - 

India -  -  1 - - - - - 

Source: SAGIS (2018b).  
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3.6 THE SUGAR INDUSTRY 

Sugar cane is indigenous to tropical South and South East Asia (DAFF, 2014b) and the first 

sugar cane cultivation in South Africa was conducted by Edmund Morewood in 1848 on the 

north coast of Kwa-Zulu Natal, where he also established a small sugar cane mill and the first 

shipment of sugar to the Cape was made in 1853 (SMRI, 2018). 

The South African sugar industry produces high-quality sugar that meets international 

standards and which generates in the region of R12 billion in direct incomes. According to 

DAFF (2016c), the indirect revenue averages around R5.1 billion per annum. The sugar 

industry has great potentials in terms of employment generation and foreign exchange 

earnings to the South African economy. 

The sugar industry has produced an average of 1.3 million tonnes of sugar per season over 

the past 16 years and, on the average, over the past seven years, about 80.5% of total sugar 

production has been marketed to the Southern African Custom Union (SACU) region, while 

the reminder (19.5%) is exported to other parts of Africa, Asia and the USA (SASA, 2018). 

According to SASA (2017), there were about 21 889 registered sugar cane growers and more 

than one million people were engaged within the industry, for the period being reported on. 

The 1400 large-scale producers are represented by the South African Cane Growers 

Association (CANE-GROWERS) and they produce about 83% of the total sugar cane crop, 

while milling companies with their own sugar estates produce about 7% of the crop. However, 

the numbers of registered sugar cane growers have been declining drastically, from 53 000 in 

2004 to about 27 036 in 2014, as a result of several reasons that are discussed in Subsection 

3.6.2.  

Furthermore, according to SASA (2017), the sugar cane industry has been credited as being 

the only agricultural sector where about 21%–22% of land under sugar cane production has 

been transferred from previously white-owned entities to black beneficiaries. This is largely 

due to the efforts of SASA’s well-resourced land reform department that provides all forms of 

support to the land reform process.  
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3.6.1 Production areas 

Sugar cane is produced predominantly in KwaZulu-Natal (73%) and in Mpumalanga (21%), 

with others producing lower amounts (6%) (as at 2008/09). By the 2015/16 production season, 

KwaZulu-Natal’s share had reduced to 65%, and the shares of Mpumalanga and Pongola had 

increased to 26% and 8%, respectively. The sugar cane production season starts from 

December to March every year, and the marketing year is from April to December of the 

preceding year (DAFF, 2014b). 

The processing sector comprises five milling companies, operating 14 sugar mills. Sugar 

production is highly integrated with the processing and manufacturing sub-sector of the 

industry (SASA, 2017). The primary products derived from sugar cane include processed 

sugar (sucrose) used in human food industries, sweeteners, fertiliser, livestock fodder, 

bagasse, blackstrap, molasses, cardboard from recycled pulp, and biofuel (sugar-based 

ethanol) as a replacement for oil-based fuel (DAFF, 2014b; Chen & Chou, 1993). 

3.6.2 Production trends 

The total average area planted each year over the past 16 years has been about 293 000 

hectares, producing about 401 000 tonnes of harvested cane for milling, giving 2.2 million 

tonnes of sugar. South Africa is ranked in 18th position in the world in the production of raw 

and refined sugar, and the major global sugar cane producers in the 2017 production seasons 

were Brazil (39.2 million tonnes), India (22.2 million tonnes), the European Union member 

countries (16.5 million tonnes), Thailand (10 million tonnes), and China (9.3 million tonnes) 

(USDA, 2017). 

According to Trikam (2013), the area under sugar cane production has declined for various 

reasons, including: 

 Dramatic increases in costs of production/energy costs. 

 Land is being sold for alternative development or for conversion into other agricultural 

production systems. 

 Lack of new investment by sugar cane farmers. 

 Unfavourable weather conditions, which have been cited for this situation.  
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There has been decreasing profitability in growing and processing sugar cane in terms of input 

and energy costs (such as fertiliser, road transport, planting seeds, water and electricity) 

versus financial returns, which have squeezed profit margins, and this was further 

compounded by increasing imports of processing inputs. Furthermore, there is the problem of 

a lack of new investments being made by sugar cane farmers, following the withdrawal of cane 

supply support that was traditionally provided by sugar milling companies (Trikam, 2013).  

At the same time, the rapid urbanisation of some sugar cane growing areas in Kwa-Zulu Natal 

has resulted in land conversion for alternative agricultural production practices, such as 

livestock, pineapple, banana and maize farming in the upland areas. Furthermore, the trend 

in sugar cane production has been fluctuating downwards because of unpredictable weather 

conditions over the last three production seasons (Trikam, 2013).  

Similarly, Eweg (2005) asserts in another strand of research that small-scale sugar growers 

are hindered by the long-term nature of the crop and productivity issues that include poor 

management and low efficiency of contractual services. There is a wide production-level risk 

gap between the large-scale farmers and the smaller-scale farmers in terms of differences in 

sugar cane yield and costs of production. The industrial average yield is 66 tonnes per hectare, 

while the small-scale producers are only able to produce at 33 tonnes per hectare. In addition, 

the small-scale producers are constrained by the need to get contractors to perform most of 

the farming activities in order to meet the required quality standards, and this limits their profits.  

The production of sugar cane on communally held land has expanded significantly in the past 

25 years, and this production recently represented approximately 16.8% of the total cane 

sugar production in South Africa (SACGA, 2008). Community-based land can be defined as 

land that is held in the rural areas on behalf of the state by the traditional leaders and which is 

used or accessed by members of a community, subject to the rules or customs of that 

community. 

According  to SASA (2017), the small- and large-scale sugar cane producers collectively farm 

an estimated area of 430 000 hectares, and the average sugarcane production over the 

decade from 2006/07 to 2015/16 was about 18 million tonnes, with the yields of harvested 

cane averaging 66 tonnes per hectare over the same period (DAFF, 2016b). The trends in 

area under sugar cane cultivation, yields and cane production for milling are shown in Figure 

3.6 below for the period from 2003/04 to 2015/16, and the secondary y- axis represents yield 

per hectare. 
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Sugar cane crushed for sugar production shows an upwards, increasing trend in the period 

under review. On the average, there is a steady and corresponding growth in area planted 

and sugar cane production. In the 2015/16 production season, the quantity of cane crushed 

to produce a tonne of sugar was at a ratio of 9.17, and the production process of separating 

sugar from the sugar cane involves two steps – sugar mill crushing and sugar refinery 

extraction. Sugar cane is processed into raw sugar at mills that are usually situated near the 

cane fields because sugar cane is very bulky and expensive to transport, and it must be 

processed as soon as possible to minimise sugar deterioration. 

 

 

Figure 3.6: Sugar cane areas planted, cane production and yields per hectare of 
harvested cane (2003/04 – 2015/16) 

Source: SASA (2016)  

The raw sugar is then transported to the refineries to produce refined sugar and other value-

added final products such as sucrose (used as a sweetening agent for food preservatives), 

blackstrap, molasses, syrups, industrial alcohol (ethanol), and bagasse (burned to generate 

electricity). 
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3.6.3 Quality and testing 

The sugar cane quality is measured in tonnes, in terms of sugar produced from sucrose lost 

to molasses or bagasse or juice purity. The quality of cane supplied to the mills is determined 

by several factors, such as the cultivar of the cane grown, the growing conditions of the crop, 

the pre- and post-harvesting treatment of the crop, and the harvest-to-crush delay (HTCD). 

According to SASA (2013), the quality of sugar supplied to the mills is tested in laboratories 

that are established on-site for cane payment purposes. The direct analysis of cane (DAC) 

method has been used since 2000 to derive the sucrose content of sugarcane. The procedure 

involves taking samples from the piles of cane brought in by growers and testing the cane 

quality to determine:  

 Brix (% of mass total dissolved solids in sugar cane or juice). 

 Pol (% by mass of apparent sucrose in sugar or juice), and  

 Non-pol (Brix minus Pol). 

Cane payments to growers are based on the recoverable value of cane, which forms the 

subject Section 3.6.4. 

The trade in raw sugar is typically differentiated by polarity and colour, based on the ratings 

set by the International Commission for Uniform Methods of Sugar Analysis (ICUMSA). 

ICUMSA is a colour-based grading system where the highest quality sugar is rated as 45 

ICUMSA (i.e. as the closet to pure white colour). For refined sugar, the European Union 

countries standard quality white sugar specification is a minimum 99.7% polarity and 45 

ICUMSA; South Africa specifies 99.7% to 99.8% polarity and 45 ICUMSA; Brazil specifies 

99.8% polarity and 150 ICUMSA; and Thailand specifies 99.8% polarity and 100 ICUMSA, 

which are the specifications normally used. The higher the polarity, the less additional refining 

of throughput is necessary, thereby lowering refining costs. Refineries pay premiums for raw 

sugar with a polarity over 96% (Food and Agricultural Organisation-United Nation, 2008). 

3.6.4 Prices 

There are two sugar derivative futures markets prices, namely those under the world sugar 

price number 11 contract and the US sugar price number 16 contract, although there are wide 
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price differentials between these two sugar contracts due to distortions in subsidies and a 

tariff-induced agricultural support programme in the USA (FAO-UN, 2008). 

The sugar cane industry in South Africa is highly regulated by the government, as compared 

with the other field crop production sectors, because of subsidy-induced overproduction and 

restrictive tariff quotas, as well as preferential trade arrangements with some major sugar 

producing countries such as Brazil, India and certain member states of the European Union. 

The government protects the industry through a series of import controls and regulations such 

that the tariff formulas are set relative to a US dollar-based reference price, a single channel 

export mechanism, and a domestic market proceed-sharing arrangement (SASA, 2017). 

The US dollar-based reference price tariff system is based on the long-term average world 

price of sugar, adjusted for cost distortions, which only delivers protection when the world price 

drops below this reference price. The rationale behind the formula is to safeguard local 

producers against low prices of imported sugar, without having undue negative effects on 

downstream production.  

The South African Sugar Association (SASA) determines a market-related price (a notional 

price) that it uses in determining the minimum price payable by millers to sugar cane 

producers, and the industry has used the Recoverable Value (RV) cane payment system since 

2003/2004. RV is a measure of the value of the sugar and molasses that will be recovered 

from the sugar delivered by an individual grower. The RV system recognises the effects of 

sucrose content on sugar production as a percentage of cane, non-sucrose as a percentage, 

and fibre as a percentage of cane. Hence, cane quality or RV, as a percentage of cane, is 

increased by the increasing maturity, freshness and cleanliness of the cane delivered to the 

mill.  

Table 3.11 below illustrates the trends in recoverable value and cane prices over the 2006/07 

to 2015/2016 production seasons. Generally, there was an upwards swing in recoverable 

value and canes prices from 2006/07 to 2015/2016. The recoverable value gradually 

increased from R1701.86 in 2006/2007 to R2284.20 and R3979.22 in 2009/10 and 2015/2016, 

respectively, while the price of crushed cane rose from R198.78 per tonne in 2006/2007 to 

R284.15 and R475.89 in 2009/10 and 2015/2016, respectively. The price increases are 

attributed to lower crop production, as a result of drought, that reduced to the minimal level of 

export availability, especially as from 2014/15 marketing season. 
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Table 3.11: Trends in recoverable value and cane prices (2006/07 – 2015/16) 

Season Recoverable Value (RV) (price in rand) Cane (price per tonne) 

2006/07 1 701.86 198.78 

2007/08 1 701.90 208.82 

2008/09 2 011.18 251.00 

2009/10 2 284.20 284.15 

2010/11 2 572.14 331.55  

2011/12 3 017.51 352.38 

2012/13 3 197.32 389.08 

2013/14 3 137.87 394.63 

2014/15 3 437.97 433.50 

2015/16 3 979.22 475.89 

Source: SASA (2017)  
 

The producer price of sugar has been increasing steadily over the last few years and South 

African sugar cane farmers have had to deal with a highly variable sugar price. Bates (1996) 

confirms that the real movement in the sugar cane price plays an important role in the 

motivation of small-scale sugar growers to enter into or withdraw from sugar cane production 

to cultivate other horticultural produce, such as pineapple and banana, and maize in the 

upland dry area of Pongola. According to DAFF (2016b), the key important market forces that 

influence sugar prices include the factors described below.  

There are two sugar futures market prices, namely world sugar price number 11 and the US 

sugar price number 16, although there are wide price differentials between these two sugar 

contracts. The discrepancy is due to distortions in subsidies and a tariff-induced agricultural 

support programme in the USA. Nevertheless, South Africa uses the average world price of 

sugar, which is denominated in US dollars, as a reference price. 

The end of the European Union (EU) countries 50-years old production sugar quota regime 

and export limits and the World Trade Organization (WTO) limitations on EU sugar exports 

may in the long run facilitate increased production and demand for sugar, especially from 

countries like South Africa that produce sugar from crushed cane. According to USDA (2018b), 

the consumption of sugar in EU countries was expected to remain stable at 18.7 million tonnes 

per annum, as from 2015/16 onwards. 

Since 2011/12, China has been the world’s leading sugar importer, but the recent policy 

changes in 2017 whereby an out-of-quota imports tariff was raised sharply, from 50% to 95%, 

may discourage imports from countries with more than a 3% market share in sugar exports to 

China. In the case of India, USDA (2018b) forecasts that there is a growing demand and 



 

93 

 

consumption that is hedging higher and closer to the record last seen in 2015/16. Stocks are 

expected to be more than sufficient to meet India’s 3-month consumption requirement, such 

that prices of sugar will not be affected. 

Brazil’s production is forecast to rise by 1.1 million tonnes to a record 40.2 million tonnes, 

based on favourable weather conditions, improved crop management practices, and lower 

use of cane for ethanol production. Consumption is up slightly, while stocks are flat and it is 

envisaged that the production of sugar may not dis-stabilised the world market (USDA, 2018a). 

Furthermore, the profitability of exporting sugar is largely determined by the exchange rate, 

since a US dollar-based reference price is used in price determination. Exchange rate volatility 

could cause a serious risk to exporters, if not efficiently managed.  

The South African domestic producer price of sugar has been steadily increasing as from the 

2010/11 marketing season, such that between 2014/15 and 2015/16, it increased upwards by 

13.1%, from R443.50 per tonne to R475.89 per tonne, while the average producer price over 

the past five years was R389.02 per tonne. Table 3.12 below illustrate the trends in sugar 

producer prices from 2002/03 to 2016/17 and the yearly percentage change in prices. 

Table 3.12: Producer price of sugar in South Africa 

Marketing year: April-December Producer prices 
(R/tonne) 

Yearly % change 

2002/03 171.78 - 

2003/04 169.08 -0.79% 

2004/05 159.55 -2.90% 

2005/06 173.59 4.21% 

2006/07 198.78 6.76% 

2007/08 208.82 2.46% 

2008/09 251.00 9.17% 

2009/10 284.15 6.19% 

2010/11 331.55 7.70% 

2011/12 352.38 3.05% 

2012/13 389.08 4.95% 

2013/14 394.63 0.71% 

2014/15 443.50 5.83% 

2015/16 475.89 3.52% 

2016/17 564.39 8.51% 

Source: SASA (2017)  

3.6.5 Consumption 

South Africa is self-sufficient in sugar cane production and the production of sugar (raw and 

refined), syrup and other by-products, such as recycle pulp, livestock fodder, furfuryl alcohol, 
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furfural and industrial alcohol, and bagasse, which is used to generate electricity utilised for 

both local processing and exporting of raw sugar products. However, South Africa has a 

comparative disadvantage and a negative trade balance in sugar and sugar confectionery 

products such as chemically pure sucrose, lactose and fructose in solid form, pastilles, gums, 

jellies, beet sugar, and chews which contain artificial or organic sugar (ITAC, 2018). This has 

resulted from sustained competition and cheap imports penetration of the domestic market 

facilitated by the distortion in world sugar prices.  

According to the International Sugar Organization (ISO) 2018, developing countries account 

for 77% of the global sugar consumption, and are expected to be the primary sources of future 

demand growth, particularly in Asia. Global consumption continues to expand, averaging 

1.83% over the past 10 years. 

Table 3.13 below illustrates the per capita consumption of sugar from 1999 to 2016. There 

has been a rising pattern of sugar consumption, from 27.76 kilograms in 1999 to 35.23 

kilograms in 2016, and this is driven largely by population growth, rising incomes and shifting 

dietary patterns (ISO, 2018). 

Table 3.13: Per capita consumption of sugar (1999–2016) 

Year kg/year year kg/year 

1999 27.76 2008 28.57 

2000 37.77 2009 32.02 

2001 35.35 2010 32.97 

2002 38.90 2011 34.71 

2003 31.60 2012 35.12 

2004 35.31 2013 35.41 

2005 32.83 2014 35.97 

2006 32.90 2015 35.47 

2007 32.90 2016 35.23 

Source: DAFF (2017a)  

The five leading sugar-consuming countries in 2017, on the global scale, were India (25.5 

million tonnes), European Union member states (18.7 million tonnes), China (15.6 million 

tonnes), the USA (11 million tonnes) and Brazil (10.6 million tonnes) (USDA, 2017), and in 

South Africa, a total average of 1.9 million tonnes of sugar was consumed per annum over the 

past five years. 

Figure 3.7 below shows the trends in sugar production, domestic consumption, net balance 

and price of sugar from the 2009/10 to the 2015/16 marketing years. The production of sugar 

and allied products was quite stable over those seven years, as indicated by Figure 3.7, from 
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2.2 million tonnes in 2009/10 to 2.3 million in the 2013/14 marketing year, before declining to 

1.6 million tonnes in 2015/16. The domestic consumption also grew, from 1.4 million tonnes 

in 2009/10 to 1.6 million and 1.5 million tonnes in 2014/15 and 2015/16, respectively. Likewise, 

the producer prices show an upwards trend from R284.26 per tonne in 2009/10 to R457.02 

per tonne in 2015/16. 

The marked decline in sugar production witnessed during the 2015/16 production season is 

attributed to the effects of bad climatic conditions on cane harvested in the sugar cane growing 

areas during this period (SASRI, 2016). In addition, this has resulted in large imports of sugar 

and sugar confectioneries to meet the increasing domestic demand. The total demand has 

been estimated to be around 1.8 to 1.9 million per annum. 

 

Figure 3.7: Trends in production (sugar & sugar confectioneries), domestic 
consumption, net balance and prices from 2009/10 – 2015/16 

Source: SASA (2017) 

3.6.6 Export and import of Sugar 

Sugar cane is not a nationally tradable commodity, as the international sugar market remains 

one of the most distorted and volatile commodity markets in the world. On average over the 

past seven years, about 80.5% of the sugar produced in South Africa has been marketed 
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within Southern Africa Custom Union countries, namely Botswana, Lesotho, Namibia, South 

Africa and Swaziland, while the rest (19.5%) is exported to other African countries, North 

America, the Middle East and Asia (SASA, 2018). 

Table 3.14 below, illustrates the trends in sales of sugar to Southern African custom union 

countries from 2009/10 to 2015/16. The production grew slightly upwards in the period under 

review, from 1.5 million tonnes in 2009/10 to 1.7 million tonnes in 2011/12. Production 

remained fairly stable, at about 1.6 million tonnes for the last three years. 

 

Table 3.14: Sales of sugar to SACU countries (2009/10 - 2015/16) 

Marketing year: Apr-
Dec 

2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 

Production (000 
tonnes) 

2 178 1 961 1 822 1 952 2 344 2 108 1 620 

SACU sales (000 
tonnes) 

1 499 1 550 1 690 1 611 1 550 1 554 1 591 

Share in percentages 68.8% 79% 92.8% 82.5% 66.2% 73.7% 98.1% 

Source: SASA (2016)  

However, according to DAFF (2011), most of the sugar exported to the international markets 

is sold below competitive market prices. Access to major markets for raw and refined sugar is 

restricted by high tariffs and preferential trade arrangements, such as tariff rates and quotas. 

These global market distortions also threaten the maintenance of a profitable and sustainable 

sugar price in the domestic market. Just less than 2% of the industry’s production, on average, 

enters foreign markets under preferential market access arrangements. 

The global industrial sugar market is segmented into North America (mainly, USA market), 

Europe, Asia, the Pacific and the rest of the world (ROW), and the trade in the processed 

sugar confectionery segment is dominated by China, Spain, Argentina, India and the 

Netherlands (FAO-UN, 2008). South Africa is a regional and major African player, accounting 

for about 31.4% of the market share in the Middle Eastern and African confectionery sectors 

(ITAC, 2018). 

Table 3.15 below, shows the trends in sugar and sugar confectionery exports and imports 

trade (in millions of Rand) from 2010 to 2016. The processed sugar export value grew 

remarkably upwards, from R2 283 million in 2011 to R4 592 million in 2014, thereafter 

declining to R2 027 million in 2015, while in 2016, export values increased to R3 797 million. 
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The values of imported processed sugar showed a persistent, increasing pattern in the period 

under review, apart from 2014. Import values grew from R1 666 million in 2010 to R8 500 

million in 2016, resulting in negative trade balance as from 2015 (ITAC, 2018). 

This suggests that South Africa imports more processed sugar and intermediate sugar 

products than it is exports to the international markets. This has led to the local industry losing 

market share to cheap imports. Furthermore, the market dynamics show that processing 

inputs are also being increasingly imported, which is harmful to the sub-sector. Hence, there 

is an urgent need for all stakeholders to curb or ban the flood of cheap imports to save local 

investment in processing operations and the industry’s long-term viability.  

Table 3.15: Trends in sugar and sugar confectionery trade – 2010 to 2016 (R million) 

Year 2010 2011 2012 2013 2014 2015 2016 

Exports 2 664 2 283 2 717 4 278 4 592 2 027 3 797 

Imports 1 666 1 983 2 507 3 546 2 935 3 462 8 500 

Trade balance 998 300 210 732 1 657 -1 435 -4 703 

Source: ITAC (2018).  
 

3.6.7 Sugar cane marketing value chain process. 

Figure 3.8 below illustrates the sugar cane industry marketing value chain process. Sugar 

production in South Africa and its marketing value chain process are focused on domestic and 

international consumers, as shown in Figure 3.8. The marketing value chain consists of five 

levels. These comprise farmers (smallholders, large-scale growers and some millers); 

processors (sugar millers and refineries, producers of animal feed for livestock fodder, 

producers of sugar-based by-products, such as molasses, sweeteners, sugar cakes, fertiliser 

and cardboard from recycled pulp, and downstream industrial sector manufacturers); a sole 

marketer (single-channel marketing by the South African Sugarcane Association); traders 

(wholesalers and retailers); and consumers (in the domestic and export markets) (DAFF, 

2016d). 

At the primary end, the marketing value chain consists of input suppliers who provide the 

inputs and farming equipment to farmers, small-scale producers who produce 10.3% of the 

crop, large-scale growers, who produce 81.5% of sugar cane, and some processing mills that 

produce 8.2% of sugar cane (SASA, 2016). The secondary sector consists of processors and 

the sole marketer (SASA) which mills and refines sugar and allied by-products for the domestic 

and international markets. The tertiary sector is made up of wholesalers, retailers, transporters 
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and consumers of sugar and its by-products, such as furfuryl alcohol, beet-pulp, cane 

molasses, and bagasse for generating electricity. 

 

Figure 3.8: Sugar cane industry marketing value chain process 

Source: NAMC (2004a) 

3.7 THE WHEAT INDUSTRY 

Wheat is another important staple food crop, which is primarily used for making bread in South 

Africa. The sector has an estimated 4 000 commercial wheat farmers who employ about 

28 000 farm workers (WSC, 2004), while an estimated 4 000 people are employed in the 

downstream milling and processing industries. 
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The wheat industry, together with its secondary processing industries, provides a large 

number of employment opportunities. The total gross value of wheat production in the 6 years 

from 2010 to 2016 amounted to R29.8 million, and according to DAFF (2017b), wheat 

contributed, on average, about R5 million per annum to the gross value of field crop 

production. Furthermore, the trend continued to grow upwards, starting from R3.2 million in 

2010 and rising to R5.5 million in 2012 and R5.5 million in 2016, respectively. 

The wheat planting season starts around mid-April to mid-June for the winter period, and from 

mid-May to the end of July for the summer period. Wheat is normally harvested around 

November to January (DAFF, 2018a). Wheat in South Africa is a two-season crop, spreading 

over two geographical regions as a result of differences in climatic conditions. The Western 

Cape production region has good winter climatic conditions, and wheat is planted between 

mid-April and mid-June, while in the summer rain-fed production regions of the Free State and 

other parts of the country, wheat is planted from mid-May to the end of July. It is also grown 

under irrigation in the Northern Cape and Mpumalanga during other seasons, but the 

production system is constrained by the low availability of water supplies and by production 

costs (DAFF, 2016f). 

A large proportion of the wheat produced in South Africa is used to produce other staple food 

items, such as wheat flour, bran meal, rusk cereals, and animal feed (farm feeds and pet food), 

and wheat is also used to produce non-food industrial uses that include gluten and starch, 

absorbing agents for disposable nappies, adhesive coatings, polymers and resins, while 

durum wheat is used for making pasta (Kneipp, 2009). In other countries, wheat is also used 

to make ethanol biofuel, and South Africa could also benefit in this direction, if large 

commercial quantities could be produced locally. 

3.7.1 Production areas 

The Western Cape region accounts for 57% of the total area under wheat cultivation in South 

Africa. This area is well suited for wheat farming, as wheat is produced under rainfall 

conditions that vary from less than 350 mm to more than 460 mm per year. Other major wheat 

producing areas are the Free State (28%) and Northern Cape (15%), mainly under irrigation, 

while others produce (1%) (DAFF, 2017b).  

The rain-fed wheat production area has shifted quite significantly in recent years, from the 

summer rainfall regions to the winter rainfall region of the Western Cape, due to severe 



 

100 

 

weather conditions, especially in the Free State province that used to be the largest producer 

of wheat in the past decades. Recent studies conducted by Midgley (2016) and BFAP (2017) 

expect that in the longer term, the area planted to wheat in the winter rainfall regions will 

decline by 40 000 hectares, and the area planted in the summer rainfall regions will stabilise 

at current lower level, and that the total annual wheat production is expected to be about 1.6 

million tonnes. 

3.7.2 Production trends 

The area under wheat cultivation has been fluctuating as a result of erratic climatic conditions, 

low wheat prices, and variability in yield. Figure 3.9 below shows areas planted, production 

quantities and yield trends from 2003/04 to 2016/17. The area under cultivation has been 

fluctuating in response to changes in climatic conditions, yield variability and policy regime. 

Following the deregulation of the agricultural markets in 1996, wheat farmers in the Western 

Cape have had to bear the additional cost of transporting their wheat to Randfontein in 

Gauteng, and this “transport differential” cost seems to have constrained production (Midgley, 

2016). 

The total average area under wheat cultivation in South Africa in the past 20 years has been 

about 726 000 hectares per annum, generating about 1.9 million tonnes per annum within the 

same period. The total area planted fluctuated from the highest of 748 000 hectares in 

2003/2004 to 643 000 hectares in 2009/2010, with the lowest of 477 000 hectares being 

experienced in the 2014/2015 production season. However, the production quantities 

fluctuated from the highest of 1.5 million tonnes in 2003/04, to the lowest of 1.4 million tonnes 

recorded in the 2010/11 production season. The yield variability has grown from the low of 2.0 

per tonne in 2004/2005 to the highest of 3.7 per tonne in 2013/14 production season (SAGIS, 

2018b). 

Declining profit margins have prompted local wheat farmers to scale down wheat production 

and switch to other crops like canola, lupin, medic, maize, barley, and soybeans, or to increase 

livestock production. 

The five main global producers of wheat in the world in 2017 (USDA, 2018a) are the European 

Union member states (145.2 million tonnes), China (129 million tonnes), the USA (63 million 

tonnes) Russia (73 million tonnes) and Canada (32 million tonnes). 
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Figure 3.9: Wheat areas planted, production and yields (2003/04 – 2016/17) 

Source: SAGIS (2017) 

3.7.3 Quality and grading 

South African wheat is of high quality and conforms to international standards, and the 

cultivars planted perform very well agronomically and possess suitable milling, rheological and 

baking characteristics (SAGL, 2016). The analytical testing procedures and classification 

norms are compiled in conjunction with wheat breeders, millers and bakers to ensure a 

market-directed and quality-driven wheat production system. Wheat producers strive to 

maintain better flour quality at all times through continuously improving wheat yield by 

selecting the best wheat cultivars that can be grown commercially. Premiums are paid for the 

best grade. 

Grading standards are very high in order to ensure adequate quality control. Wheat deliveries 

to the mills are graded and checked through a representative sampling drawn for quality 

verification before the wheat is taken to silos. The quality checks follow the official grading 

regulations promulgated under the Agricultural Products Standards Act of 1996. The grading 

system exists only for one bread wheat class, with four main classifications, namely B1, B2, 

B3, and B4, and other subsidiary classifications, such as UT (Utility Grade) and COW (Class 
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Other Wheat), which are determined according to the grain-protein content, the hectolitre 

mass, and the falling number. The hectolitre mass, and especially the protein content, are 

determined by climate, rainfall, environmental interactions, cultivation practices and other 

factors, such as seed treatment and fertiliser management (SAGL, 2016; ARC, 2014). 

3.7.4 Prices 

Since the 1996 market deregulation in South Africa, wheat derivatives have been traded freely 

in the SAFEX futures market. According to Vink and Van Rooyen (2009), the wheat price has 

been uncompetitive in South Africa. Wallace (2013) reported that the area under wheat 

cultivation had declined more than 50% over the last decade of the period then under review 

due to the deregulation of the industry (scrapping the single-channel fixed-price system). After 

deregulation, the market risk that farmers in marginal production areas were exposed to 

became too great, coupled with the transport differential (costs) that Western Cape wheat 

farmers had to bear when calculating the pricing formula. This implies that increases in 

production cost have rendered wheat production uncompetitive when compared with cheap 

imports. 

The only government intervention in the market has been through import tariffs. According to 

Grain SA (2018), the South African International Trade Administration Commission (ITAC) has 

reduced the import tariff on wheat imports to R281.70 per tonne, down by 25.7% from the 

previous tariff of R379.34 per tonne, effective from July 18th 2018. This is in accordance with 

a new Economic Partnership Trade Agreement (EPA) between SACU and the European 

Union, which includes duty-free imports of 300 000 tonnes of wheat. The rationale for the 

downwards revision is that the international wheat price is currently trading at $230 per tonne, 

making a deviation of $12 per ton above the reference (base) price of $218 per ton, and also 

to protect investment and employment in the local wheat value chain. Two variables that 

determine the import tariff level are the depreciation or (appreciation) of the exchange rand 

and the movements in the international wheat prices (SAGIS, 2018b). 

Furthermore, according to FAO (2017), the international price of wheat is low and was fairly 

stable in the six years after 2011 because of the global availability of wheat, among other 

factors such as global demand and supply relations, slow economic growth in most countries, 

and favourable climatic conditions in most major wheat-producing countries. Table 3.16 below, 

shows the producer prices of wheat from 2009/10 to 2015/16. The domestic wheat price saw 
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a steady increase upward from R1607.87 in 2009/10, to R2369.08 in 2011/12 and to R3773.77 

in 2015/16 marketing year. 

Table 3.16: Trends in domestic price of wheat (2009/10 – 2015/16) 

Year 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 

Producer price 
(R/tonne) 

1607.87 2303.68 2369.08 2914.51 2880.31 3052.85 3773.77 

Source: DAFF (2016b) 

According to DAFF (2016b), the domestic prices of wheat have been influenced by the 

following factors: the price of wheat is traded in the futures market, the local producer prices 

are influenced by global wheat price movements in the international commodity markets, and 

the domestic price is closely linked to the import and export parity price levels. The 

international USA seasonal average farm price for wheat has been relatively stable and less 

volatile over the past six years. 

Climate variability has had a strong impact on wheat production and price levels over the past 

three production seasons. The severe drought in the Western Cape and Free State is 

expected to reduce wheat production by 23%, according to BFAP (2017), when compared 

with the pervious growing season of 2015/2016. On the other hand, the demand for wheat for 

domestic consumption has continued to increase, thereby putting pressure on price levels. 

The volatility in the exchange rate in the past three years, relative to the value of rand, has led 

to higher costs of intermediate inputs and imported wheat, and this has affected the 

affordability of wheat-based products in the domestic market and the sustainability of the 

industry. 

Furthermore, most of the world’s wheat trade is in the form of grain due to the greater 

perishability of flour, as well as the desire to mill in-country to capture value-added benefits in 

the domestic market. Accordingly, some countries, such as European Union members states 

and Kazakhstan, have placed higher levels of tariffs on wheat flour to encourage wheat grain 

imports, while a few countries (e.g. Afghanistan and Uzbekistan) that import large volumes of 

wheat flour, often because of limited domestic milling capacity, have distorted global wheat 

price levels through subsidies and other export trade barriers against international competition 

(USDA, 2017). 
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3.7.5 Consumption 

In all African countries, wheat consumption has been steadily increasing over the past 20 

years as a result of growing populations, changing food preferences and a strong urbanisation 

trend, which has led to a growing ‘food gap’ in all regions that is largely met by wheat imports 

(MacAuley, 2015). South Africa is not self-sufficient in wheat production, as local 

demand/consumption far outstrips domestic production. Total average consumption has been 

about 2.9 million tonnes per annum over the past 10 years, while actual domestic deliveries 

have been 1.7 million tonnes per annum, and domestic consumption was complemented with 

1.2 million tonnes of wheat imports per annum within the same period. South Africa has been 

importing large quantities of wheat to meet its annual domestic demand (SAGIS, 2017). 

According to SAGIS (2017), the total domestic demand amounted to 3.144 million tonnes, and 

total production deliveries constituted only 1.407 million tonnes, representing 45% of total 

demand, which was complemented with wheat imports of 1.738 million tonnes (55%) in 2016. 

In 2017, the total domestic demand amounted to 3.163 million tonnes, and total production 

deliveries amounted to 1.870 million tonnes, representing 59%, and the balance of 1.292 

million tonnes was imported, representing 41% of total domestic demand.  

Figure 3.10 below shows the trends in wheat production deliveries, consumption, net balance, 

and prices from the 2009/10 to the 2015/16 marketing years. The trends indicate that local 

production has consistently not been able to meet domestic requirements over the period 

under review. Furthermore, there has been an exponential growth in wheat imports into South 

Africa as the demand continued to rise. The domestic demand increased from 2.9 million 

tonnes in 2008 to about 3.3 million tonnes in 2011.  

On the other hand, there was a marked general decline in production deliveries, from 2.1 

million tonnes in 2008 to 1.4 million tonnes in 2014, after which there was a gradual increase 

to 1.9 million tonnes in 2016. Furthermore, the share of wheat imports grew significantly, from 

777 000 tonnes in 2006 to 1.7 million tonnes in 2011 and to 2.1 million tonnes in 2016.  
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Figure 3.10: Wheat production deliveries, consumption, net balance and prices (2009/10 
– 2015/16) 

Source: SAGIS (2017) 

Table 3.17 below shows the per capita consumption of wheat in South Africa from 1999 to 

2016. The trend was consistent and stable over the years. It was at about 4.6 kilograms in 

1999, going up to 51.33 kilograms in 2009, before stabilising at 47.79 kilograms in 2016. The 

consistency in the trend for per capita consumption of wheat (bread, cereal, etc.) indicates the 

important role that is played by wheat as a staple food for millions of South Africans.  
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Table 3.17: Per capita consumption of wheat, 1999 – 2016 

Year kg/year year kg/year 

1999 46.72 2008 48.71 

2000 47.91 2009 51.33 

2001 49.23 2010 49.37 

2002 47.95 2011 49.80 

2003 47.99 2012 48.51 

2004 48.64 2013 49.92 

2005 49.25 2014 48.24 

2006 49.50 2015 47.81 

2007 50.30 2016 47.79 

Source: DAFF (2017a) 

3.7.6 Export and import of wheat  

The quantity of net wheat shortfall and the quality of the domestic production determine the 

quantity of imports in any particular year. According to DAFF (2016b), the top countries from 

which South Africa imports wheat include Ukraine, the Russian Federation, Australia, Brazil, 

Uruguay, Germany, and the USA.  

The major producers of wheat in the world are the European Union member countries (145 

million tonnes), China (128.8 million tonnes), India (87 million tonnes) and the USA (63 million 

tonnes), and these countries jointly produced about 89% of the world production in 2017. The 

top five major importers are Egypt (11.2 million tonnes), Indonesia (10.2 million tonnes), 

Algeria (8.4 million tonnes), Brazil (7.8 million tonnes) and Bangladesh (5.6 million tonnes), 

and South Africa was 36th largest importer of wheat in the world in 2016 (USDA, 2017).  

Wheat is mostly imported into South Africa for human consumption and other uses, such as 

organic wheat grass powder; wheat straw and wheat gluten feed used in animal feed for cattle 

and horses; and biofuel (bio-butanol and bio-gas, used as a source of energy) (DAFF, 2016c). 

Table 3.18 below shows wheat imports from 2009 to 2016. Wheat imports fluctuated from 1.3 

million tonnes in 2009 to about 1.7 million tonnes in 2011, and to 1.6 million tonnes in 2013, 

depending on the local demand and production quantities. However, due to declines in 

production as from 2015, the volumes of imports have increased rapidly to meet the growing 

local demand of about 2.0 million tonnes. 
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Table 3.18: Wheat imports volume (000 tonnes), 2009 – 2016 

Year 2009 2010 2011 2012 2013 2014 2015 2016 

Imports (tonnes) 1 285  1 649  1 700  1 285  1 649  1 700  2 067 1 900 

Source: DAFF (2017b) 

South Africa’s wheat flour exports are mainly destined for SACU and SADC countries, such 

as the Zimbabwe, Botswana, Zambia, Namibia and Lesotho (SAGIS, 2017), with the greatest 

share of South Africa’s wheat exports being destined for Botswana and Zimbabwe. Table 3.19 

below shows the wheat and meslin exports to Southern Africa Customs Union countries from 

2010 to 2017. There were large fluctuations in the quantity of wheat and meslin exports in the 

period under review, as shown in Table 3.19. The volume of exports increased from 150 000 

tonnes in 2010 to 266 000 tonnes in 2014, after which there was a sudden decline in the 

volume of exports, probably due to low production levels and increasing demand in the 

domestic market in South Africa. Hence, exports to SACU countries were minimal in 2016 (33 

000 tonnes) and 2017 (53 000 tonnes) respectively. 

Table 3.19: Wheat and meslin exports (tonnes) to SACU countries, 2009 – 2017 

Year 2010 2011 2012 2013 2014 2015 2016 2017 

SACU 149 829 222 036 217 589 211 477 265 810 102 851 32 823 53 177 

Botswana 88 497 82 751 89 458 93 255 111 426 62 427 5 400 24 288 

Lesotho 28 150 99 938 77 209 84 692 97 791 18 647 10 520 19 046 

Namibia 16 913 17 599 18 130 12 082 20 097 15 968 16 147 7 531 

Swaziland 16 269 21 748 32 792 21 448 36 496 5 809 756 2 312 

Source: ITAC, (2018) 

3.7.7 Wheat marketing value chain process. 

Figure 3.11 below illustrates the wheat marketing value chain process. The wheat marketing 

value chain process in South Africa involves six stages, as shown in Figure 3.11: farmers 

(wheat producers), silo operators (storage providers), traders (marketers and importers of 

wheat), processors (bakeries, manufacturers of feed and other wheat-based products such as 

biscuits, pasta, crackers and breakfast cereals), transport operators, and consumers (DAFF, 

2016c). 

The primary sector consists mainly of input suppliers who provide planting seeds, fertiliser, 

pesticides, fuel, etc., to the farmers. Wheat producers consist of both large- and small-scale 

farmers and silo owners who provide the numerous storage facilities where the harvested and 

imported wheat stockpiles are stored. 
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The secondary sector is vertically integrated with both large-scale and small-scale 

downstream processors, who manage most of the supply chain risks with the bakeries and 

livestock feed manufacturers. 

The tertiary sector consists of traders/importers, retailers and transporters, who provide a 

range of services for the efficient operation of the value chain process before the end products 

reach the final consumers.  

The marketing value chain process is highly concentrated, according to Alemu and Ogundeji 

(2010), in terms of price transmission. There is a strong indication that the supply chain 

responds quickly to shocks that stretch price margins, and Midgley (2016) asserts that any 

significant changes in the domestic production, including unfavourable climatic conditions and 

variations in global supply and demand, affect the entire marketing value chain process in the 

form of price transmission. 
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Figure 3.11: Wheat marketing value chain process 

Source: DAFF (2016c) 
 

3.8 THE GRAIN SORGHUM INDUSTRY 

Sorghum [Sorghum bicolour (L.) Moench] is an indigenous crop to Africa, and the crop 

provides the most for household food security, apart from maize in South Africa (ARC, 2006). 

Grain sorghum is the fifth most important cereal crop in the world in terms of total production 

(FAO, 2011) and constitutes a major source of proteins, calories and minerals for millions of 

people, particularly in the semi-arid tropical regions of Africa and Asia (FAO-UN, 2008). 

Sweet grain sorghum is another important field crop that is cultivated in South Africa. 

According to the International Trade Commission (ITAC, 2017), South Africa is ranked in 10th 
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position in the world. The planting period is from mid-October to mid-December, depending 

on the climatic conditions, and the marketing year is from March to February of the preceding 

production season (ARC, 2006). 

Sorghum is a multipurpose crop which is used to produce food and feed, and is most efficient 

in converting atmospheric CO2 (carbon dioxide) into bio-ethanol fuel from sugars in its 

stem/stalks. Furthermore, bagasse produced from sweet sorghum has a high value as fodder 

or fuel in co-generation, and it has a wide adaptability to environment (FAO, 1999). 

The contribution of sorghum to the total domestic grain crop production is very low, but 

significant. According to DAFF (2017b), sorghum contributed about 0.7% to the gross value 

of field crop production in the 2016/2017 production season, and its contribution increased 

from R297 million in 2010/2011 to about R800 million in 2013/2014, before declining to R280 

million in 2015/2016 production season, due to drought and low commodity prices. However, 

on the average, sorghum generated about R467 million per annum in the 5 years from 2012 

to 2017. 

3.8.1 Production areas 

The pattern of sorghum cultivation has changed rapidly in response to climate change and the 

influence of the proposed establishment of a bio-ethanol facility in South Africa. According to 

the NAMC (2007) and the IDC (2012), the relative importance of this small, traditional grain 

crop used for food and livestock feed has changed to become a key development crop for the 

manufacturing of renewable fuel, such as ethanol, and it is also a source of new market and 

employment generation in both the downstream and upstream sectors of its value chain, 

especially for new emerging and black smallholder farmers. 

In past decades, the Free State used to be the largest producer at 52%, followed by 

Mpumalanga (24%), Limpopo (15%), and North West and Gauteng, at 7% and 2%, 

respectively (NAMC, 2007). However, the areas of production have changed remarkably due 

to climatic factors and the lack of commercial growth within the sector. In the 2016/17 

production season, the Free State produced only 16.3%, while other areas grew substantially, 

with the largest area of production shifting to the Mpumalanga (41.2%), Limpopo (33.3%), and 

North West (6.6%) provinces, together with other small areas, at 3.6% (DAFF, 2017b).  



 

111 

 

3.8.2 Production trends 

The production of sorghum has fluctuated over the past decades due to drastic reductions in 

annual mean rainfall and to unfavourable climatic conditions, which have been particularly 

severe in the Free State, which was the largest sorghum producing area up to the early 2000s. 

On average, South Africa produced about 164 640 tonnes of sorghum per annum in the five 

years up to the 2015/2016 production season. 

In the 2015/16 production season, an estimated 74 150 tonnes of grain sorghum were 

produced, which was far less than the 120 500 tonnes produced in 2014/15, thus representing 

a 38.5% decrease in production. There has been a significant and consistent decrease in the 

area planted since 2006/07, although this has been complemented by an increase in yields 

per hectare. 

Over the past decades, the total area planted declined as a result of producers experiencing 

a severe cost–price squeeze, low producer prices, the strengthening of the exchange rate, 

unfavourable climate conditions, and oversupply in the global market. All these factors affected 

the profitability mix of sorghum production, and most of the farmers shifted to the production 

of other alternative crops such as barley and maize. According to NAMC (2007), input costs, 

especially of imported inputs such as chemicals and fertiliser, rose at an alarming rate, and 

faster than producer prices did. 

Figure 3.12 below, illustrates the patterns of sorghum areas planted, production, and yield 

trends from 2003/04 to 2015/16. Figure 3.12 shows the variability in the area planted to 

sorghum, decreasing from 130 000 hectares in 2003/2004 to 37 150 hectares in the 2005/2006 

production season, and then rising marginally to 48 500 hectares in the 2015/2016 production 

season. However, the yield obtained has been fluctuating quite significantly, from 2.9 tonnes 

per hectare in the 2003/2004 production season to 3.4 tonnes per hectare in the 2013/2014 

production season, and these increases are attributed to the utilisation of more efficient 

cultivation practices and new sorghum cultivars. But there has been a mark decline in yield to 

1.8 per tonnes in 2015/2016 production season as a result of climatic factor. 

In addition, according to DAFF (2016b), subsistence farmers produced about 14 348 tonnes 

in 2015/2016 for own use, and this represents about 6.5% of the total sorghum production in 

South Africa. In the global market, the major sorghum producing countries in 2016/2017 were 
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the USA (12.2 million tonnes), Nigeria (6.9 million tonnes), Sudan (5.7 million tonnes), Mexico 

(4.7 million tonnes) and Argentina (3.4 million tonnes) (USDA, 2017). 

 

Figure 3.12: Sorghum areas planted, production and yields (2003/04 – 2015/16) 

Source: SAGIS (2017) 
 

3.8.3 Quality and grading 

Sorghum quality differs, depending on the cultivar planted, but there are generally three main 

characteristics of the dominant varieties planted in South Africa: sorghum quality with a red 

colour and soft endosperm (has a good and high malting quality, and is of high diastatic value); 

sorghum cultivar with a well-developed yellow endosperm (contains more vitamin A and is 

good for both the animal and poultry industries); and cultivars with a dark-brown seed coat or 

pericarp (have a bitter taste and are not suitable for monogastric animals, but may have good 

malting qualities with certain chemical additives) (NAMC, 2007; ARC, 2006). 

Grain sorghum is graded according to its malting and fodder qualities and tannic acid content 

(ARC, 2006). Currently, South Africa makes use of five different types of grading system, 

namely: the GM – Feed and Malting Class (Good Malting Qualities), GL1 – Feed Class (Poor 
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Malting Qualities), GL2 – Feed Class (with Grain Defects), GH1 – High Tannic Acid (Good 

Malting Qualities), and GH2 – High Tannic Acid (Poor Malting Qualities). Premiums are paid 

to producers according to malting quality. 

Sorghum is graded according to standardised quality norms, as validated under the 

Agricultural Products Standards Act, Number 119 of 1990, for phyto-sanitary measures, and 

the Foodstuffs, Cosmetics and Disinfectants Act, Number 54 of 1972, for safety measures. 

Furthermore, sorghum is rated according to standards, promulgated under the Agricultural 

Products Standards Act of 1990, regarding food hygiene and the food safety of regulated food 

products of plant origin that are intended for export. 

3.8.4 Prices 

The producer price of sorghum is volatile and follows the same patterns of grain market trends. 

The import/export parity prices determine and influence the price paid to sorghum producers, 

as well the ratio of domestic supply and demand relations. 

In the 2015/2016 production season, the sorghum price was discounted against the cheaper 

of white or yellow maize. Table 3.20 below shows the producer prices for grain sorghum from 

the 2009/10 to the 2016/17 marketing seasons. Sorghum producer prices increased gradually 

from the 2009/10 marketing year, from R1 383.50, to R2 691.62 in 2013/14, before marginally 

declining as from 2014/15. The producer price increased by 48.5%, from R2 379.52/tonne, in 

2015/16 to R3 529.17/tonne in 2016/17.  

Table 3.20: Sorghum producer price (2009/10 – 2016/17) 

Season 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17 

Producer 
price 
(R/tonne) 

 
1 383.50 

 
1 671.57 

 
1 998.09 

 
2 675.01 

 
2 691.62 

 
2 626.78 

 
2 379.52 

 
3 529.17 

Source: DAFF (2016b) 
 

3.8.5 Consumption 

In South Africa, sorghum is mainly used for human consumption in the form of malt and other 

associated by-products, such as cereal and flour, sorghum meal, sorghum rice or corn rice, 

semi-leavened bread, dumplings, local beer, porridge, soup, cakes, grits, non-alcoholic malt 

beverages, syrup, and couscous. The livestock feed industry is an important market segment 

for surplus grain sorghum, and comprises sorghum processed for pet food and poultry and 
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cattle livestock feed, while other uses include feedstock for bio-ethanol fuel, Dried Distillers 

Grain and Soluble (DDGS, which is a by-product of bio-ethanol), fencing, thatch and brushes. 

According to Grain SA (2017), about 55% of grain sorghum is consumed in the form of meal, 

rice and grits, and the balance (45%) is consumed in the livestock and malting industries. On 

average over the five years under review, about 191 000 tonnes and 9 000 tonnes were used 

for human consumption and the animal feed industry, respectively. According to DAFF 

(2016b), the projected commercial utilisation of sorghum in the 2016/17 marketing season was 

about 180 142 tonnes, of which 161 000 tonnes was for human consumption (malt, meal and 

other uses) and 9 500 tonnes for the livestock industry. The marketing season is from April to 

March of the preceding production season.  

The major global sorghum-consuming countries in 2017 according to USDA (2018a) were 

China (8.3 million tonnes), Nigeria (6.8 million tonnes), the USA (6.2 million tonnes), Mexico 

(5.4 million tonnes), and India (4.5 million tonnes). At the global level, there is a stable market 

demand for sorghum, and this provides a potential market, if South Africa could produce large 

quantities on a commercial basis at competitive prices (USDA, 2018c). 

Figure 3.13 below, depicts the patterns of sorghum production deliveries, domestic 

consumption, net balance, and prices from the 2009/10 to the 2015/16 marketing years. The 

consumption of sorghum in most years exceeded the total production in South Africa, and 

local demand was complemented with imports. From the 2011/12 production season, 

consumption far exceeded total supply, and imports were used to meet local demand and 

exports to markets within the Southern African sub-region. At the same time, there were 

steady increases and significant growth in the price of sorghum during the period under review. 
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Figure 3.13: Sorghum production deliveries, human and animal feed consumption, net 
balance and prices (2009/10 – 2015/16) 

Source: DAFF (2016a) 

Table 3.21 below illustrates the per capita consumption of sorghum from 1999 to 2016. The 

Table shows that the per capita consumption of sorghum grew at steady rate over the period 

under review, from 1.76 kilograms in 1999, rising upwards to 2.18 kilograms in 2010, before 

declining to about 1.87 kilogram in 2016. 

Table 3.21: Per capita consumption of Sorghum 1999 – 2016 

Year kg/year year kg/year 

1999 1.76 2008 2.01 

2000 1.92 2009 2.07 

2001 1.95 2010 2.18 

2002 1.94 2011 2.07 

2003 1.81 2012 1.81 

2004 2.03 2013 1.94 

2005 2.18 2014 1.87 

2006 1.78 2015 1.68 

2007 2.16 2016 1.87 

Source: DAFF (2017a) 
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3.8.6 Exports and imports of grain sorghum 

South Africa is not self-sufficient in grain sorghum production in most years as a result of 

several factors, such as climate variability and volatile pricing levels relative to the profitability 

of the crop. The export trade of the South African sorghum industry is highly concentrated 

upon the Southern African Development Community, with a key market area that comprises 

Botswana and Swaziland, which account for about 98% of the market share. Other markets, 

such as Namibia, Kenya, Uganda, Zimbabwe, Tanzania, the European Union member states 

and the Middle East countries constitute the remaining 2% (DAFF, 2015b). 

Trading in this crop with other African countries is limited, as most of these countries produce 

more sorghum than South Africa does. For example, in the 2016/2017 production season, 

Nigeria produced about 6.9 million tonnes and Sudan produced 5.7 million tonnes. Table 3.22 

below reflects the volumes of exports and imports from 2009 to 2016, and the trade statistics 

reveal that South Africa’s export trade in sorghum has been irregular, with no discerning 

pattern of growth. Export volumes ranged from 53 000 tonnes in 2009 to the highest level of 

188 000 tonnes in 2011, before the taking downwards trends in 2012, 2014 and 2015. 

Conversely, the pattern of imports follows a similar trend with export fluctuations. Furthermore, 

about 66 000 tonnes was imported in 2009, which rose to 151 000 tonnes in 2012, which is 

attributed to the call for expressions of interest (EOI) by the South African International 

Development Corporation (IDC). This EOI related to the supply of low-tannin grain sorghum 

as a feedstock for the launch of the Cradock ethanol bio-fuel project in the Eastern Cape 

(Nelson Mandela Bay Business Chamber – NMBBC, 2014; IDC, 2012). The variations in 

import volumes grew from 20 000 tonnes in 2014 to 89 000 tonnes in 2016 as a result of 

demand and supply relations. The performance of the net balance has been mixed, with 

periods of deficit net balances, as in 2009, 2012 and 2015, while for other years, they were 

positive.  

The United States of America is the major supplier of sorghum to South Africa, with almost 

100% of total sorghum imports in 2017 (USDA, 2017) 

Table 3.22: Sorghum export and import volumes (000 tonnes), 2009–2016 

Year 2009 2010 2011 2012 2013 2014 2015 2016 

Exports  53 33 188 50 59 26 25 90 

Imports 66 0 35 151 55 20 55 89 

Net balance -13 33 153 -101 9 6 -20 1 

Source: ITAC (2018) 



 

117 

 

3.8.7 Grain sorghum marketing value chain process 

Figure 3.14 below illustrates the sorghum marketing value chain process. The marketing value 

chain process of the sorghum industry involves six levels: input suppliers (planting seeds), 

farmers (sorghum producers), silo operators (storage providers), traders, wholesalers and 

retailers (marketing and selling of sorghum), and processors (milling, feed, bakeries and 

manufacturers of other sorghum-based by products such as nutritional foods, Farmise Grains, 

Henzak Foods, and Silver Orca), transport operators, and the end consumers, as shown in 

the Figure 3.14 below. 

The primary sector consists mainly of input suppliers, grain sorghum producers/farmers, silo 

owners, and traders who buy directly from farmers, as not all production goes through the 

silos. The secondary sector is made up of processors, traders, wholesalers, retailers and 

bakeries, and the tertiary sector consist transporters who handle logistics and distribution 

channels between the intermediaries. 

 

 

Figure 3.14: Sorghum marketing value chain process 

Source: DAFF (2015a) 
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3.9 THE BARLEY INDUSTRY 

Barley is one of the most ancient crops, which has been cultivated since about 10 000 years 

ago, and it belongs to the species of Hordeum Vulgare L. (Harlan, 1995). Although the barley 

crop is now distributed throughout the world, it used to be restricted to Middle East and North 

African regions. With the advent of migration and trade, its cultivation spread to Northern and 

Western European environments, and later to North American, Australian and Southern 

African environments (Ellis, 2002). 

The barley industry in South Africa produces barley to derive malt that is used in the beer 

industry, as well as for inclusion in animal feeds and for making pearl barley. Pearl barley is a 

type of barley cultivar, with various degrees of colour polishing. Barley is ranked in 4th position 

after maize, rice and wheat in grain crop production in the world, and South Africa is ranked 

at 11th position in the international barley production market (FAO, 2011).  

The importance of barley production, as part of a crop rotation system, should not be 

overlooked as barley production compete for agricultural land in wheat producing areas of 

South Africa. Barley therefore directly contributes to the sustainability of commercial farming 

and emerging small-scale farmers. The motivating reasons for planting either of these crops 

are mainly based on technical production factors, managerial skills of the farmers, and the 

relative profitability of the two crops (Grain SA, 2013). 

The technical factors considered in making decisions include the crop rotational patterns of 

the farm, diseases control, the availability of improved cultivars, soil quality, and weather 

forecast information at the beginning of the production season. According to Grain SA (2013), 

barley is generally regarded as being a more technically challenging crop to cultivate, 

compared with wheat, but because it has a slightly shorter production cycle, farmers with 

higher levels of management skills (good water management practices) and commitment can 

earn substantially more income from barley cultivation than wheat. 

The profitability consideration involves the calculation of the potential production cost/ratios 

and net income between the two crops. Production risks that can affect the yield of barley, 

relative to wheat, and the international commodity prices are also considered (Grain SA, 

2013). 
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Barley is cultivated as a crop both in highly productive agricultural systems and in marginal 

and subsistence environments. According to DAFF (2016b), the average gross value of 

malting barley for the five years up to the 2015/16 production season amounted to 

R791 million, compared with R53 billion for wheat and R26 094 billion for maize. In addition, 

the malting industry creates thousands of employment opportunities throughout South Africa, 

which has contributed to local economic development and household food security in the rural 

areas. 

3.9.1 Production areas 

Barley is a winter grain crop, the production of which is highly restricted to specific agro-

geographical areas within the country. According to DAFF (2017b), barley is predominantly 

cultivated in the Western Cape (93%), the Northern Cape in the Vaal Harts and Taung areas 

(4%), and the North West (2%), as well as other areas, such as the Free State and Limpopo, 

which produce smaller quantities of about 1% in total. In the Northern Cape and North West 

provinces, the crop is irrigated and therefore the yields and production outcomes are better.  

Table 3.23 below, illustrates the patterns of the areas of production for commercial barley in 

South Africa from 2000/01 to 2016/17. The Western Cape produced the highest volume of 

barley, from about 99 000 tonnes in the 2001/02 season to about 315 000 tonnes in the 

2016/17 season. The fluctuations in production are largely dependent on climatic factors and 

yield in a particular season. In the Northern Cape and North West, production quantities have 

grown rapidly and barley is grown specifically on contractual basis for SAB malting business.  

The production from these two area has varied from season to season, from about 12 000 

tonnes in the 2000/01 season to about 64 000 tonnes in 2015/16. According to Demana 

(2015), the decision to produce barley falls outside the control of the farmers, as the amount 

to be produced is contracted for by South African Breweries (SAB) Limited. Hence, the areas 

planted have fluctuated or stayed more or less constant for most seasons, in accordance with 

a strict annual allocation system that is based on area, specific non-transferable allocations, 

and specific cultivars that are given for planting. 

Barley production in other areas, such as the Free State and Limpopo, has grown slightly to 

meet the demands of other users and processors in the barley industry. However, climatic 

factors and the lack of extensive demand from the animal feed industry, due to oversupply of 

maize, have been major constraints for farmers (Grain SA, 2017). 
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Table 3.23: Barley area production patterns (commercial quantities in tonnes) 

Production 
season 

Western 
Cape 

Northern 
Cape 

North West Free 
State 

Others Total 

2000/01 103 400 9 700 3 000 - 100 116 200 

2001/02 99 200 35 100 5 000 500 1 300 141 100 

2002/03 146 300 24 800 11 700 - 1 100 183 800 

2003/04 168 500 58 400 9 000 3 000 1 000 240 000 

2004/05 114 500 55 000 13 200 1 100 1 200 185 000 

2005/06 154 000 69 300 9 000 1 100 600 225 000 

2006/07 169 000 58 000 8 000 1 000 - 236 000 

2007/08 152 000 60 000 9 100 1 400 - 222 500 

2008/09 110 000 70 500 10 000 1 500 - 192 000 

2009/10 161 700 47 600 6 500 200 - 216 000 

2010/11 142 700 45 000 5 500 800 - 194 000 

2011/12 254 000 51 300 6 100 700 - 312 000 

2012/13 237 400 51 700 7 200 - 1 700 298 000 

2013/14 201 600 58 300 6 300 1 000 300 267 500 

2014/15 212 000 81 600 6 300 800 1 300 302 000 

2015/16 256 000 53 500 9 000 1 200 12 300 332 000 

2016/17* 315 400 19 700 9 100 2 000 7 900 354 100 

*Estimates 

Source: DAFF (2017a) 
 

3.9.2 Production trends 

The production of barley has been quite steady over the past decades. According to DAFF 

(2016b), South Africa produced, on average, about 302 300 tonnes of barley per annum in 

five years up to the 2015/216 production season. The barley production season starts from 

April to June, while the marketing season is from October to September of the preceding year 

(SABBI, 2012). 

According DAFF (2016b), the total area planted in the 2015/2016 production season was 

about 88 695 hectares, which was lower than the 93 730 hectares planted in the 2014/2015 

production season, but higher by 4.3% on the five-year average of 85 059 hectares planted 

per annum up to the 2015/2016 production season. About 302 000 tonnes of malting barley 

was produced in 2014/15, which was less than the total production of 332 000 tonnes in the 

2015/2016 production season. 

Figure 3.15 below illustrates the trends in barley areas planted, production and yields between 

the 2003/04 and the 2016/17 seasons. The areas planted to barley, as shown in Figure 3.15, 

have been fairly stable during the period under review. The areas under cultivation have 

increased marginally in response to climatic conditions, producer prices and increasing local 
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demands. The total area planted was 84 000 hectares in the 2003/2004 production season, 

and this increased marginally to 85 000 hectares in 2011/20012, and to 89 000 hectares in 

the 2015/2016 production seasons, respectively. 

Furthermore, during this same period, production had increased as a result of significant 

increases in yield obtained. Total production increased from 229 116 tonnes in 2003/2004 to 

312 000 tonnes in 2011/2012 and to 354 100 tonnes in the 2015/2016 production season, 

while at the same time, the yields obtained marginally increased from 2.8 tonnes per hectare 

to 3.9 tonnes per hectare and  declined to 3.8 tonnes per hectare, respectively. 

The top global barley producing countries in 2017 include the European Union member states 

(62.1 million tonnes), Russia (17 million tonnes), Australia (9 million tonnes), Ukraine (8.8 

million tonnes), and Canada (8.2 million tonnes), and according to USDA (2018a), these 

countries jointly produced 105.1 million tonnes, representing 72% of the total global production 

of 146 million tonnes in the 2017. 

 

Figure 3.15: Malting barley areas planted, production and yields (2003/04 – 2016/17) 
Source: SAGIS (2017) 
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3.9.3 Quality and grading 

Quality assessment is a key factor, given the wide variety of malting barley available. 

Furthermore, the testing procedure is based on the following ten characteristics: variety purity, 

germination, nitrogen content, kernel plumpness, screenings, foreign matter, mechanical 

damage, fungal infestation, moisture content, and cultivar planted. Cultivars cannot be mixed, 

as water intake by kernels differs. 

South African maltsters require barley that malts homogenously and modifies quickly, requires 

little or no cleaning, and that will deliver malt of an acceptable and consistent quality to 

brewers. Therefore, maltsters set certain quality standards for malting barley to ensure that 

the end product is produced in the most economical way possible (ARC, 2014).  

The testing and grading of the crop is done on a sliding scale to determine the base price, to 

which premiums are added, and the premiums increase on a pro rata basis, which differs from 

season to season. Feed barley in South Africa is supplied from malt barley that is downgraded, 

and usually, malting barley commands a price premium of about 60% higher than the price of 

feed grains. 

The grading system is classified into ‘class malting barley’ and ‘class other barley’ and this 

these are validated under the Agricultural Products Standards Act, Number 119 of 1990, for 

phyto-sanitary measures, and under the Foodstuffs, Cosmetics and Disinfectants Act, Number 

54 of 1972, for safety measures. Certain standards have also been promulgated under the 

Agricultural Products Standards Act, 1990, regarding the food hygiene and food safety of 

regulated food products of plant origin that are intended for export. 

3.9.4 Prices 

Prior to 2009, the price of barley used to be fixed annually, and the formula was based on a 

cost-plus system, which was found to be problematic. The pricing system has since changed 

to a free market mechanism where producers are price takers. The producer price of barley is 

volatile and competitive, such that the price or profitability of barley production has always 

been compared with or linked to the price of wheat. It is determined by global barley and wheat 

prices, and by global demand and supply production forecasts. 
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According to Grain SA (2013), the producer price of barley was recently linked to the SAFEX 

wheat December Futures Contract, following an agreement reached between (SAB) Limited 

and barley producers in the 2011/12 production season. In addition, the price discovery of 

malting barley is mainly attained from the over-the-counter spot price, determined at post-

harvesting, subject to demand and supply relations. The prices are also influenced by spring 

wheat and maize prices, since they are viable alternatives to barley. 

Table 3.24 below shows the producer prices for barley from the 2009 to 2015 marketing years. 

Barley producer prices were variable between 2009 and 2015, mainly as a result of the 

demand and supply in the international markets and the lower commodity prices following 

global economic recession in 2008. The producer price of barley fluctuated from R2 125.90 

per tonne to R2 343.43 in 2011, before a marginal decline in 2012 to R2 280.08. However, 

barley producer prices experienced increases in 2013 and 2015 due to decreases in 

production as a result of changes in climatic conditions. 

Table 3.24: Barley producer prices (2009–2015) 

Year 2009 2010 2011 2012 2013 2014 2015 

Producer 
price 
(R/tonne) 

2 125.90 2 006.34 2 343.43 2 280.08 2 590.59 2 403.72 2 578.29 

Source: DAFF (2016b) 
 

3.9.5 Consumption 

Barley is used for human consumption (in barley flour, flakes, bran, baby food, and bread, as 

well as barley water used for various medicinal purposes), malt production (beer and malt 

extracts) and livestock feed, including poultry and pet feed (silage, dry stalks and leaves). 

Other industrial uses of barley include straw for making hats, packing and building materials; 

dietary fibre and selenium; starch; paper coating; paints; bio-degradable plastics; grass 

powder; grits; and barley wine, as well as for the manufacturing of cellulose pulp (Blake, Blake, 

Bowman & Abdel-Haleem, 2011; Agu, Brosnan, Bringhurst, Palmer & Jack, 2007; Bamforth & 

Barclay, 1993). 

Each of these uses is best met with specific barley varieties. In South Africa, actual data only 

exist on malting barley. The SAB typically consumes more than 85% of the locally produced 

barley, and there are two malting processing plants in South Africa, Caledon Malting which  
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uses the entire production from the Southern Cape, and Alrode Brewery in Gauteng province, 

which uses the entire barley production from the North West and Northern Cape (SAB, 2012). 

According to HGCA (2013), the processing of malting barley into malt involves three stages. 

The first stage is steeping, which is a process whereby barley is soaked for about two days in 

large vessels filled with water. Steeping raises the moisture content to about 45% to enable 

the embryo in the barley grain to grow, thus initiating the malting process, and at this stage, 

rootlets are developed. The second stage is the germination process, which involves the 

production of enzymes that breaks down starch into malt sugar or maltose. The maltose is 

fermented by yeast to produce alcohol and carbon dioxide. The germination period is crucial 

for the malting process, and maltsters usually halt germination after five days. The third stage 

is the kilning or heating process, which involves heating the malt in a kiln at temperatures 

between 60 and 100 °C for 1 to 1.5 days to produce a stable product which has developed 

flavour and colour. Finally, the rootlets produced during germination are sieved to produce the 

final product (malt) and other by-products like malt extracts and beer.  

According to SAGIS (2017), the domestic demand of barley had far outstripped the production 

for the last decade of the period then under review, such that imports had to supplement local 

demand requirements. The consumption pattern has been increasing in recent years. The 

total average demand in the past 10 years is about 322 500 tonnes per annum, while the total 

average production is about 267 898 tonnes per annum. Hence, South Africa has to import 

the shortfall on a yearly basis. 

Figure 3.16 below, depicts the patterns of barley production deliveries, domestic human and 

animal feed consumption, net balance, and prices in South Africa from the 2009/10 to the 

2015/16 marketing years. The consumption trends for barley as shown in Figure 3.16 indicate 

that there was a growing demand for barley during the period under review, while there were 

fluctuations in the production quantities as a result of climatic conditions, the competitiveness, 

and the profitability of barley, relative to wheat and canola substitute crops, in the Southern 

Cape.  

The demand from the animal feed sector has been very small, as there is no significant feed 

market for barley due to the oversupply of maize. 
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Figure 3.16: Barley production deliveries, human and animal feed consumption, net 
balance and prices (2009/10 – 2015/16) 

Source: DAFF (2016a) 
 

Table 3.25 below, illustrates the per capita consumption of barley in South Africa from 1999 

to 2016. The per capita consumption of barley had grown during the period under review. Per 

capita consumption increased from 27.76 kilograms in 1999 to 32.9 kilograms in 2007, and 

stabilised at about 35.4 kilograms per year, on average, in the 5 years up to 2016. 

Table 3.25: Per capita consumption of barley, 1999–2016 

Year kg/year year kg/year 

1999 27.76 2008 28.57 

2000 37.77 2009 32.02 

2001 35.35 2010 32.97 

2002 38.9 2011 34.71 

2003 31.6 2012 35.12 

2004 35.31 2013 35.41 

2005 32.83 2014 35.97 
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2006 32.9 2015 35.47 

2007 32.9 2016 35.23 

Source: DAFF (2017a) 
 

3.9.6 The barley marketing value chain process  

The barley industry is highly concentrated, as it has only one major buyer – South African 

Breweries (SAB) Limited. Producers are contracted to deliver their crops, as directed by SAB, 

for further processing. The details regarding supply and price determination are stipulated in 

the contractual agreement between the farmers and SAB Limited.  

Farmers are contracted to supply a specific quality of barley, based on the annual allocation 

of cultivars for production, followed by a specific non-transferable producer allocation. The 

commitments of SAB include supplying a secured market for barley, making production loans 

available to farmers, and being involving in collective bargaining on behalf of farmers for 

cheaper farming inputs, as well as arranging for the handling, logistics and distribution 

channels up to the point of sales (Demana, 2015).  

SAB is therefore involved in every stage of the production cycle, up to post-harvesting 

(marketing and distribution), and especially in the irrigated areas of the Northern Cape and 

the North West. Although the price determination is quasi-flexible, it is fixed according to the 

contractual agreement that is set with the contracted farmers at the beginning of the production 

season. SAB uses a price band, with import parity representing the upper band and production 

cost as the lower band. This is then compared with the price of wheat in the futures (SAFEX) 

market, as SAB purchases barley at an 8% discount to the price of wheat.  

There are other smaller buyers of barley, such as individual consumers, traders, and feed 

processors and exporters. However, the demands from these alternative buyers are 

insignificant, as SAB uses about 85% of the total locally produced barley, and there are no 

formal markets for malting barley in South Africa, at the moment. 

Figure 3.17 below, illustrates the barley marketing value chain process. This marketing value 

chain process involves the following stages, as depicted in Figure 3.17: SAB Limited; 

contracted input suppliers (suppliers of barley cultivars and other services such as financing); 

contracted farmers (barley producers); contracted silo operators (storage providers); 

contracted importers; processors (SAB malting barley and brewing industry); contracted 
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transport operators; exporters (traders); the feed industry; bakeries and manufacturers of 

barley-based by-products; wholesalers and retailers (marketing and selling of malt and beer 

products, barley grain and straw); and others traders (selling beer products, bottle stores, pubs 

and clubs, and other supply chain outlets, such as Pick ‘n Pay, Checkers and other 

transporters (DAFF, 2015c). 

The primary sector consists mainly of SAB Limited, contracted input suppliers, contracted 

barley producers and other farmers, contracted silos owners, and contracted transporters. The 

secondary sector consists of contracted silos owners who also engage in handling and 

processing, SAB Limited malt and breweries processing, other processors and the feed 

industry, wholesalers/retailers and traders. The tertiary sector consists of ‘others’: traders 

(exporters), credit providers, other transporters. 

 

 

Figure 3.17: Barley marketing value chain process 

Source: adapted from DAFF (2015c) 
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3.9.7 Storage and contract deliveries 

Contract farming (CF) arrangements are created for a niche market that is willing to pay a 

premium for specific product attributes. The prevalence of contract farming differs quite 

substantially across agricultural commodities (FAO, 2013). However, contract farming 

arrangements are successfully used in barley production because SAB is particularly quality 

sensitive and has the resources to coordinate all the production activities to secure post-

harvesting, handling, storage, logistics and distribution networks, which entails additional 

costs (SAB, 2012). 

Before planting, producers are contracted by SAB Limited to deliver barley to a specified silo 

location, according to an annual production allocation contract and according to the stipulated 

quality specification. The contract further specifies the pricing formula and stipulates that any 

over-supply on any production allocation will not be taken up. This simply implies that the price 

of over supply or over delivery will be reduced to that for feed barley. 

The specified silos owners are contracted by SAB Limited to act as agents to receive and 

grade the barley crop according to specified quality, and to remunerate the 

producers/importers accordingly. The contracted agents (silo owners) provide the storage 

facilities and deliver the barley crop according to SAB Limited contract agreement regarding 

handling, storage and remuneration (pricing). 

Furthermore, SAB Limited contracts with transporters (more than 70% of whom are former 

SAB employees who are now truck owners) to handle the logistics and distribution networks 

to the seven SAB malting facilities and breweries and to the 42 depots in South Africa, 

according to the specific SAB contract agreement (SAB, 2012). 

3.9.8 Exports and imports of barley 

South Africa is not self-sufficient in the production of barley, mainly due to erratic climatic 

conditions that usually cause wide fluctuations in barley quality and yields. According to BFAP 

(2007), South Africa is a net importer of barley, as not all the specified varieties and qualities 

required by SAB can be grown locally. However, the qualities and yields achieved are better 

in the irrigated regions of the Northern Cape and North West. The industry has only one buyer 

– SAB Malting – which also imports barley from Europe, Canada, Australia, Argentina and 

Ukraine (SAGIS, 2017).  



 

129 

 

Table 3.26 below shows the barley and malt import trends from 2008/09 to 2015/16. There 

was a significant upwards trend in the importation of malt, from 61 900 tonnes in 2008/09 to 

69 600 tonnes in 2011/12 and 111 779 tonnes in 2015/2015. The trend in barley imports had 

fluctuated from 98 700 tonnes in 2008/2009 to 36 655 tonnes in 2012/2013 and 91 410 tonnes 

in 2014/2015. However, in 2015/2016, only 18 238 tonnes of barley and 65 195 tonnes of malt 

were imported.  

 

Table 3.26: Barley and malt imports (2008/09 – 2015/16) 

Year 2008/09 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 

Barley 
(tonnes) 

98 700 53 500 70 300 59 900 36 655 74 537 91 410 18 238 

Imports malt 
(tonnes) 

61 900 82 400 80 900 69 600 109 208 117 721 111 779 65 194 

Source: DAFF (2017b). 

 

3.10 SUMMARY AND CONCLUSIONS 

The South African agricultural sector has undergone considerable large changes over the past 

five decades, and the relative importance of agriculture has continued to decline, as compared 

with other sectors of the economy. Within the field crop sector, there have been considerably 

large changes in the size and number of farms, relative to the challenges facing the value 

chain. 

In this Chapter, the challenges and forces shaping the field crop sector were reviewed to 

capture the major dynamics within the value chain process. The review includes the 

identification of the key factors that influence the production, consumption, pricing, the 

import/export, and the marketing value chain process of the selected field crops, namely 

maize, sugar cane, and barley, wheat and grain sorghum, used for this study. 

Furthermore, the study uncovers the constraints and the factors that could stimulate supply 

response in South Africa. The important factors identified are producer prices, prices of 

substitute crops, prices of intermediate inputs, climatic conditions, government policy regime, 

yield obtained, international commodity prices, exchange rate, domestic demand and supply 

relations, and the global demand and supply of grain crops. 
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Regarding the future outlook for the field crop sector, it can be predicted that the factors that 

are most likely to further shape the performance of the field crop industry in South Africa are: 

the success of the land reform programme; the availability of more areas of productive land; 

the efficient use of scarce water resources; the intensified use of weather-related derivative 

instruments and impact of climate change, exchange rate volatility, international commodity 

prices, value adding; market access to global markets; progress towards securing WTO 

agreements on international trade; and effective implementation of innovative agricultural 

policies. 
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CHAPTER 4: METHODOLOGY 

 

4.1 INTRODUCTION 

This section discusses the methodology used for this study, which develops a model of supply 

response, based on the literature reviewed in Chapter 2 and on the overview of the field crop 

sector in Chapter 3. The modelling techniques used follow the lines of thought in several 

studies (McKay et al., 1999; Sadoulet & De Janvry, 1995; Just 1993; Colman, 1983) in deriving 

both the reduced form equations for each crop and the aggregate supply response model. 

This Chapter is structured in the following order. The first section discusses the aggregation 

of variables issues in supply response, and this is followed by price expectation formation and 

methodological types. In the following section, the conceptual supply response framework is 

constructed, with all the underlying assumptions. Section 4.7 discusses the structural break 

analysis, and this is followed by the EGARCH model specification used for the estimation of 

exchange rate volatility. The seventh section discussed the data description and sources. The 

final section presents the concluding comments. 

4.2 AGGREGATION OF VARIABLE ISSUES IN SUPPLY RESPONSE 

There is no consensus in the literature on the precise measurement of the variables to be 

used in supply response studies. There are several arrays of outputs, prices and other 

variables. The three common choices for measuring output are the area under cultivation or 

area planted; production quantities or yield per unit area; and total production in terms of 

tonnes or weight (Mshomba, 1989). 

However, Rao (2003) has argued that the choice of proxy variables influences the results of a 

supply response study. Most time series studies (Muchapondwa, 2009; Rao, 2003; Nerlove, 

1958b) on crop-level supply response use the area planted as a proxy for output. However, 

according to Askari and Cummings (1977), output can be measured in terms of crop weight, 

volume produced, or surplus marketed. 

Other studies (such as Mythili, 2008) have argued that the use of acreage or area planted 

might under-estimate a supply response due to the intensive application of other inputs, given 

the same area of production. In contrast, Mushtaq and Dawson (2002) have argued that the 
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use of yield as a dependent variable in supply response could be a better option. In general, 

most studies have used area planted, and this study has used area planted, based on the 

empirical evidence that area planted is more subject to farmers control than production output 

is (Albayrak, 1998; Askari & Cummings, 1977) and the point that the area under crop 

cultivation could be a better proxy for planned output, as area planted statistics are readily 

available.  

The price variable is also subject to different proxy variable choices, and agricultural supply 

depends on prices of both outputs and inputs. According to Rao (2003), agricultural pricing 

policy plays an important role in increasing both farm production and incomes, and it is 

fundamental to gain an understanding of this price mechanism in supply response. The 

concept of supply and supply elasticity, as discussed earlier in the literature review 

(Subsections 2.2.1 and 2.2.2) provides the theoretical basis for the measurement of output 

price. If the output prices increases, the profit increases, and this therefore motivates 

producers to produce greater quantities, while conversely, an increase in input prices will lead 

to an increase in production costs, thereby depressing supply. 

Several types of price proxy are often used in supply response studies (the pre-sowing prices, 

the post-harvest prices, the annual average prices, producer prices, absolute prices, and 

relative prices). Mauld (2010) introduced the producer price of maize, lagged by one period, 

as an explanatory variable in the supply response equation. This is justified by the fact that 

farmers are assumed to take past price experiences into account when forming their 

production expectations (Seay, Pitts & Kamery, 2004).  

Similarly, Gardner (1976) suggests the use of planting time future prices as a measure of 

expected prices by treating future prices as exogenous, as justified by the hypothesis of 

rational expectation. However, the prices that influence a farmer’s decision-making process 

still remain an empirical question. Askari and Cummings (1977) postulate that researchers 

must decide on the choice of price formation and deflators to be used. This suggests that the 

price variables should be selected based on economic theory and the peculiar characteristics 

of each country. 

In addition, other studies have included a rainfall variable to capture variations in weather 

conditions. Parikh (1971) found that weather was a key determinant that influenced a farmer’s 

decisions regarding area under cultivation. However, it is not the total annual rainfall that is 
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important, but rather it is the average rainfall received during the production months that is 

more relevant. 

Finally, non-price factors have also featured more prominently than price factors in farmers’ 

decision-making in several studies (Rao, 2003; Mythili, 2008; Askari & Cummings, 1977; 

Gulati & Kelley, 1999).  

4.3 PRICE EXPECTATION FORMATION 

Modelling expectations are important issues in supply response literature because of the 

existence of production lags in agriculture (regarding the biological gestation and rearing of 

crops and livestock), which have to be taken into account in the determination of product price 

expectation. The observed prices are only known after production has taken place, while 

farmers’ planting decisions are based on the prices that are expected to prevail later, during 

harvest time. Several studies (Allen, 1994; Tomek & Myers, 1993; Nerlove, 1983) have 

provided a good review. However, farmers may recognise some of the important factors that 

affect product prices without having to go through the complex process of assessing the 

relative importance of these factors in developing their expectations. This was the rationale, 

according to Gujarati (2003) and Maddala (1992), for the aggregation of certain variables and 

often the elimination of others in time series analysis.  

Nerlove (1958a) proposed three alternative price expectations hypotheses that are found in 

the literature. The first is ‘naïve expectation’, where the expected price is the actual price 

received in the previous period and does not portend any particular changes in expectations 

about future prices. The second comprises ‘adaptive expectations’, referring to immediate 

responses to changes in expected future prices. The third is ‘rational expectation’, which 

describes the response to changes in expected and actual prices, after a sufficient time lag to 

allow for full adjustment, and where future expectations are based on all available information. 

There are several other alternative hypotheses that have been used for the formation of price 

expectation in supply response studies, and these include:  

(i) First-order autoregressive expectations, where the current expected price 

equals the previous actual price. 
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(ii) Moving average formulation, where the expected price is a function of the 

moving average of prices in the preceding (n) years. 

(iii) Weighted expectation specification, where the expected price relates to a 

weighted combination of the two previously observed prices. 

(iv) Extrapolative expectation, where the expected price is a function of previous 

actual price, with or without a fraction of the previous price change. 

(v) The Nerlove (1979) quasi-rational expectation, where expectations are 

assumed to be generated by an autoregressive integrated moving average 

(ARIMA) process. An ARIMA process is specified and estimated by using Box-

Jenkins methodology for each price series. 

However, farmers in most developing countries have low literacy rates; hence, it is difficult for 

them to obtain all the relevant information, and therefore rational expectation behaviour is not 

relevant for them. The present study assumed that farmers learn from their past mistakes, and 

also have all relevant available information. In this case, adaptive rational expectation 

becomes more relevant for South African field-crop farmers. 

4.4 METHODOLOGICAL TYPES 

This section briefly discusses the two distinct methods used to analyse supply response in 

agriculture. Over the years, research in agricultural supply response has proceeded in two 

distinct directions, namely: 

(a). Programming models, which determine input allocation to various production activities 

by using an explicit optimisation. Linear programming/optimisation is a mathematical 

technique that is used to determine the optimum or best possible solutions, such as 

maximum profit or lowest cost, from a given set of parameters that are represented 

in the form of linear relationships. The method involves the construction of a 

simulation-based model of a sector or sectors, to derive an input and output mix under 

the assumption of a profit or utility maximisation objective function, subject to certain 

constraints.  

(b). The dual theory of supply/input demand functions, which are comprised of closed-

form solutions to economic optimisation models, and allow well-established 



 

135 

 

econometric techniques to be applied so that parametric specification can be based 

on observed supply and demand decisions of agricultural producers. The process 

involves the derivation of an input demand function, a supply function, a production 

function, and the individual behaviours, from the available information. It is the most 

theoretically precise approach, but fails to take into consideration the partial 

adjustment in agricultural production and expectation formations. In addition, it 

requires detailed information about all input prices, which is very difficult to obtain in 

most developing countries.  

According to Heckelei and Wolff (2001), these two methodological techniques seem to have 

moved a little closer to each other during the last few decades, despite the fact that the 

maintained economic hypotheses and objectives have not changed. However, in most 

empirical studies, the structure and specification procedures are clearly distinguished as a 

result of the choice of the analytical framework, which imposes model specification complexity 

and the underlying assumptions, which oversimplifies reality. 

4.5 THEORETICAL MODELS IN SUPPLY RESPONSE STUDIES 

In the literature of applied production economics, supply response models are classified into 

the following: 

 Adaptive expectation (Nerlove, 1958a). 

 Partial adjustment (Nerlove, 1956). 

 Distributed lags (Askari & Cummings, 1977, Nerlove, 1958b). 

 Endogenous land allocation (Nerlove, 1979). 

 Rational expectation (Eckstein, 1985).  

 Error correction (Hallam & Zanoli, 1993). 

All these models are aimed at explaining how economic agents behave in a given 

environment. The adaptive expectation model (Nerlove, 1979) and its later modifications, 

remain a useful analytical tool for investigating farmers’ supply behaviour in relation to 

expectations and price formation. The underlying assumptions are that farmers are rational 
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and respond to various signals given by the economic environment, and that farmers formulate 

their own expectations on prices by taking into account the role of their adjustment to costs, 

technical progress, and other exogenous factors like weather. 

However, two major criticisms of this model are its inadequate theoretical basis and the 

statistical estimation problems that arise when using the ordinary least squares (OLS) method. 

These criticisms refer to the underpinning adjustment and expectation mechanisms, which are 

expressed in terms of a geometric lag of past observations on output or prices (Baltas, 1987; 

Maud, 1979). The declining geometric lag also introduces measurement errors, which can 

lead to high correlation between the expectation variable and the disturbance term. 

A major contribution of the replacement of adaptive expectations by Rational Expectations 

was the ‘Lucas Critique’, which shows that expectation parameters and endogenous variable 

dynamics depend on policy parameters. The Lucas Critique can be defined as the observation 

that economic data/equations that are estimated under one policy regime are not invariant or 

valid under another policy regime, since market participants will take the policy regime into 

account while forming their behaviour (Lucas, 1976). This implies that one cannot draw 

accurate inferences about current macro-economic phenomena based purely on past data. 

However, in modelling rational expectation behaviours, all relevant information, including 

regarding the policy regime, should be internalised.  

Furthermore, the introduction of the error correction model into supply response analysis will 

satisfy the unconditional mean-zero requirement, i.e. the necessary condition for rationality. 

The error correction model is an improved adaptation of the adaptive expectation model, 

achieved by incorporating the requirement of a zero-unconditional mean into the analysis. 

The objective of all these models is to estimate supply response elasticities, but with different 

functional specifications and econometric estimation procedures. The advantages and the 

disadvantages of each of the models have been extensively reviewed by Askari and 

Cummings (1977) and Mamingi (1997). According to Askari and Cummings (1977), the choice 

of any of these models depends on data availability and a priori theoretical assumptions, as 

shown in Section 4.6 of this study. 

Furthermore, there have been growing concerns about measuring the degree of competition 

in agricultural markets and the understanding of its underlying determinants. The 

competitiveness of a market falls between the realms of perfect competition and monopoly, 
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and this determines the extent to which prices and costs diverge. The price–cost margin is the 

measure of a market’s competitiveness. 

In agricultural supply markets, there are other models that have been used to measure market 

power, namely: 

 Price-asymmetry models (Kinnucan & Forker, 1987). 

 Co-integration models (Engle & Granger, 1987). 

 Price levelling and Averaging Models (Griffith, Green & Duff, 1991). 

The price-asymmetry model is used to measure retail market power and is based on the notion 

that input price variability increases more rapidly than do the input price decreases that are 

passed on to consumers. The model is derived under the assumption of perfect competition 

(i.e. a profit-maximising producer producing homogeneous products with a fixed proportions 

constant return to scale technology). In this case, price (price taking) is the major factor in the 

producer’s decision-making process. However, in the case of a profit maximising condition for 

a producer or retailer under imperfect competition (a monopolist price setter), there are several 

demand and supply variables that affect their pricing behaviour. These demand and supply 

factors are determined simultaneously. 

The co-integration approach has also been used to examine movements of prices to infer the 

conduct of agricultural marketing producers. The concept denotes that if the market is perfectly 

competitive, then prices move together in the long run, and thus are co-integrated. Faminow 

and Benson (1990) argued that such a market integration result could be interpreted as 

constituting efficient arbitrage or perfect collusion. 

The transmission of prices between producers and retailers has also been examined by using 

price levelling and averaging models to determine the conduct of retailers. The degree of price 

spread between retailers and wholesaler/farmers greatly differs as a result of retailers been 

able to cover average producer prices easily because of their market power. 

The overall advantages and the disadvantages of these three models, as found in the 

literature, were surveyed by Digal and Ahmadi-Esfahani (2002). Furthermore, the applications 

of these models lack solid theoretical basis, and only provide an indication of market power, 

while the availability of firm-level cost structure data acts as a major limiting factor. However, 
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the analysis of the strategic behaviour and market power of agricultural firms, by using 

structural models provided in the New Empirical Industrial Organisation (NEIO) literature, can 

be combined with any of these models to generate better results, but this falls beyond the 

scope of this study. 

In this study, a new variant of an error correction model (ECM), called a vector error correction 

model (VECM) framework, is used. The VECM can be described as a restricted vector 

autoregression (VAR) model that is used to capture the evolution and interdependences 

between multiple time series data, with first differenced variables and the error correction to 

be estimated. VECM is, therefore, an alternative to VAR models with similar characteristics. 

Several authors in the literature (Hoffman & Rasche, 1997; Hallam & Zanoli 1993) have shown 

that VECM is very useful for determining the short-term dynamics between variables, which it 

does by restricting the long-run relationship of variables, while the estimated error correction 

term represents the deviation from the long-run equilibrium. The VECM specifications 

presume that the data series adjusts to departures from the long-run equilibrium and allows 

for the use of non-stationary data, while it is also sensitive to the presence of autocorrelation 

when choosing the number of lags in the model. 

One other aspect of the VECM model is that it is a reduced form structure that allows for 

estimated coefficients, including the error correction matrix, which are amenable to economic 

theory and logical interpretation of results. A key benefit of using the VECM approach for this 

study is that it is computationally easier to calculate the supply response elasticity coefficients 

in the model, without violating any of the classical regression assumptions, if all the following 

necessary steps are followed: 

 The first step of the research design is to conduct a stationary test on all the variables 

used. 

 The second step involves the decision on the number of variables to be included in 

the model. 

 The third step is the transformation of the dataset to logarithm form. 

 The fourth step is to decide the number of the lag length. 
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 And finally, the last step involves a decision as to whether to include deterministic 

terms, such as dummies, trends and seasonal terms, in the model. This step is critical 

to modelling the economic and financial series relationship when using VECM 

models, because deterministic terms may have certain statistical properties of the 

variables. 

4.6 CONCEPTUAL FRAMEWORK 

This section outlines the vector error correction model that is used for the supply response 

analysis of field crops in South Africa in more details, based on the literature review reported 

in Chapter 2, and on the background discussions and analyses of the field-crop sectors in 

South Africa in Chapter 3.  

In the theory of supply response analysis, there are several internal and external factors which 

should be considered in modelling agricultural supply. These factors include producer price, 

price of competing crops, intermediate input prices, climatic conditions, and research and 

development expenditure (Albayrak, 1998; Mamingi, 1997; Bond, 1983). 

In addition to the above-mentioned factors, there are also institutional factors. These include 

irrigation, technology, level of a farmer’s education, road density, soil quality, rural 

infrastructure, marketing and credit availability, fertiliser, high yielding variety seeds, 

pesticides, and rainfall. (Levine 2004; Binswanger & Deininger, 1997; Mamingi 1996; Tomek 

& Robinson, 1990). Two other important factors which must be considered for the 

completeness of the model are the impact of government policy and structural change (Alemu, 

2003; Krueger et al., 1991; Binswanger et al., 1987). The discussion on structural change is 

outlined in Subsection 4.6.4 of this chapter. 

To meet the objectives of the study (outlined in Subsection 1.4.1 of Chapter 1), the crop-

specific supply response model is used, together with an aggregate supply response 

technique that uses time series data from 1970 to 2012 (constituting 42 observations) on the 

selected field crops, namely maize, sugarcane, wheat, sorghum and barley. However, 

sunflower is excluded due to incomplete time series historical data on its production, and 

because sunflower is not a field crop, but classified as an oilseed crop. 

This section draws upon the agricultural supply response literature reviewed in Chapter 2 

(Subsection 2.2.1 to Section 2.3) to develop an integrated theoretical framework that is used 
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to explain how agricultural production decisions are influenced by several internal and external 

factors. 

The model as developed is based on certain assumptions. These assumptions are based on 

internal, country-specific observations applicable to South Africa (as discussed in Chapter 3) 

and they are in conformity with similar studies (Akter & Seung-Jee, 2011; Hallam & Zanoli, 

1993) in other countries. The assumptions are that: 

i. The field crop production sector in South Africa is divided into commercial and 

emerging/subsistence farms. 

ii. The commercial farmers operate as profit-maximising entities that jointly produce 

output Qc, using intermediate inputs Mc purchased at competitive market price Pm. 

iii. The various uses of land ALc, capital Kc, and labour Lc are obtained at competitive 

market rates TV, IK, and WZ respectively. 

iv. Farm production is sold at competitive market price P.  

v. The model is a partial equilibrium analysis, and as such, the effects of inter-sectoral 

factor movements on agricultural supply are not considered. Furthermore, the 

demand side is not considered. It is assumed there are markets for all the field crops 

produced in South Africa, and the focus of this study is only placed on the market 

supply of these field crops. 

vi. Furthermore, emerging/subsistence farmers produce output Qs and use intermediate 

inputs Ms for land, ALs for capital Ks and for labour Ls. 

vii. Farming inputs are purchased at competitive market price Pm and capital 

requirements are purchased at competitive market rate (IK), while land (Tv), salaries 

and wages paid to subsistence/emerging farmers are determined as a residual. 

viii. Total production is equal to the sum of the two sectors: 

sccs QQQ  ………………………………………………………………………………….... (6) 

However, in the model under development, the area planted, rather than production 

quantity, is important. 
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ix. All agricultural producers are price takers, as competitive market prices prevail in the 

domestic market through the SAFEX futures market. The South African agricultural 

derivative market has developed to such an extent that the cash market price largely 

relies on the SAFEX price, and this price is considered to be the industry standard 

and reference price throughout Southern Africa. All grain transactions are assured 

through the derivatives clearing structure. According to Grain SA (news feed), grain 

futures and options include white and yellow maize, wheat and barley. 

x. All farmers are also price takers in the input market. 

The model developed in the study follows a similar line of thought to that in the seminal work 

of Nerlove (1956, 1958a, 1958b), Sadoulet and De Janvry (1995) and much of the literature 

as reviewed by Rao (1989) and the price formation is assumed to be adaptive rational 

expectation (as discussed earlier in Section 4.3).  

According to Sadoulet and De Janvry (1995), a generic agricultural supply model may be 

outlined and illustrated as described in the section below. A generic agricultural supply model 

can be regarded as an unknown approximation of a dynamic supply function that is 

presumably derived on the basis of profit-maximising behaviour and is a simplification of 

reality. The responses of a crop to price and other variables are influenced by several arrays 

of complex economic and non-economic factors, such as expected prices and physical, 

psychological, and technological factors.  

It is usually difficult to identify and precisely measure all these factors that affect production, 

and what happens is that a careful specification of expected prices, exchange rate, production 

risk, weather, institutional constraints (including policies) and technological variables is always 

taken into consideration (Mamingi, 1997). Since supply response models are conditional on 

the validity of economic theory, a researcher’s local knowledge may be taken into account 

regarding the environment and the selection for inclusion of relevant variables that address 

the question of interest. Hence, the theoretical basis of the vector error correction model is to 

be found in the dynamic optimisation behaviour of farmers, subject to adjustment cost 

elements, and this is fundamental to agricultural supply models (Tripathi, 2008). 

Profit maximising farmer desired area planted to a crop in period t is a function of expected 

prices and exogenous variables (Nosheen & Igbal 2008; Nerlove, 1956, 1958b), as expressed 

in: 
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e

t

d

t zPA   21 ……………………………………………………………………… (7) 

where 

d

tA  ‘Desired’ area planted in period t;  

e

tP  Expected price in period t;  

tZ  A vector of other variables influencing supply, such as yield, cost of production, 

rainfall, technology, exchange rate and prices of substitute crops, etc. A random 

variable with zero mean. 

In the full-scale model, 
e

tP  is a vector of all relevant prices and input costs. ‘Desired’ area 

planted is interpreted as the normal yield/output derived from using the specified area of land, 

and it amounts to what the farmer expects to harvest under normal circumstances.  

Equation (7) describes the relationship between desired area planted, expected price, and 

other factors that influence the farmer. Economic theory postulates that β1 ≥ 0, which is the 

time lag or adjustment coefficient that this implies, and there are economic reasons to expect 

λ > 0 as well, due to the nature of the subsistence farming sector, as found in most developing 

countries. The nature of subsistence farming, which mainly produces for household 

consumption with little market surplus, will result in the adjustment and expectation parameters 

not being fully realised, since subsistence farmers may lack perfect information when forming 

their objective functions and their expectation is never revised. Nevertheless, the problem with 

Equation (7) is that the price that the farmer expects to get after harvest (at the time of planting) 

may not be possible immediately, and due to mistakes being made in the past, the area 

adjustment may be only partial. 

Since the desired area planted is related to output, the supply adjustment will also be only 

partial (Albayrak 1997; Mundlak 1985): 

10,.....)( 11    tt

d

ttt AAAA ………………………………………………………….. (8) 

where 
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tA  Actual area planted at time t;  

  Partial adjustment parameter; and 

t  Random error term. 

Equation (8) is the specification of a distributed lag adjustment in actual area planted towards 

desired area planted, and , is the adjustment coefficient that measures the speed by which 

the actual area planted adjusts in response to the factors that influence the planned area 

planted. Hence,   provides the link between the short - and long-run elasticities

  /runshortrunlong   . 

The fact that farmers are assumed to respond to expected prices means that an explicit 

mechanism for expectation formation must be introduced. The simplest version is to assume 

adaptive expectations on the part of the farmers and to assume that the farmer adjustment to 

expectations is a fraction of ψ (which represents the previous period error) (Sadoulet & De 

Janvry, 1995): 
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t ppp    11 )1( ………………………………………………………………….. (9) 

where 

t  Random error term. 

Equation (9) implies that the expected price in period t is equal to the expected price in the 

previous period and the adjustment in the discrepancy in the previous period between the 

expected and the actual prices. If 0 , the adjustment is very low, and if 1 , the 

adjustment is very quick. The length of the lag or the adjustment is determined by biological 

factors such as weather conditions. 

Another alternative interpretation of Equation (9) is what is called ‘the learning process’, i.e. 

that the expected price is a weighted sum of all the past prices with a geometrically declining 
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set of weights where the right-hand side geometric series is the solution to equation (8), which 

gives the certainty equivalent to e

tp   

Since e

tp  and 
d

tA  are not observable in reality, we substitute equations (7) and (8) into 

Equation (9) to derive the following reduced form:  

tttttt zzqqpA   16152413121 ……..………………………….. (10) 

where 

1  

12   

     113  

    114  

25   

   126  

where 


 2

12


 and  are the short-run and long-run price elasticities of supply. 

Equation (10) is the estimable form of the supply response model, as defined by the structural 

form of Equation (8), according to partial adjustment with adaptive expectation given by 

Equations (8) and (9), respectively. 

The short-run price response is estimated by 2  and the long-run prise response is 

calculated as 1  where 
2

2
1 


 


  since both .1 and  As expected, 

the long-run supply response exceeds the short-run supply response. 
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If exogenous shifters )( 1tz  are not included in the model, 03   in the structural form 

and 065   in the reduced form Equation (10).  

However, Equation (10) is over-identified with six   coefficients and five parameters

 and,,,, 21 . Hence, to derive a distinct solution, a non-linear constraint on the 

coefficients of the reduced form Equation (10) is proposed (Sadoulet & De Janvry, 1995): 

0653

2

64

2

6  …………………………………………………………. (11) 

Therefore, the reduced form equation becomes ttttt qqpA   2413121 . 

However, rearranging Equation (10) further, the reduced forms now becomes:  

tttttt d  1111 )1()1(   ………………………………….. (12) 

In practice, the reduced form of Equation (10) is usually estimated by using non-linear 

Maximum Likelihood Estimation (MLE) techniques, and correction needs to be made for serial 

correlation in the error term. However, the limitations of the assumption that production adjusts 

to a fixed target supply, which has been criticised by Nerlove (1979) and other researchers in 

the literature (Abdulai & Reider, 1995; Alemu, 2003; Ghatak & Albayrak, 1994; Hallam & 

Zanoli, 1993; Schimmelpfennig et al., 1996) have necessitated the use of a vector error 

correction model with co-integration representation for this study. The formations of price 

expectations under adaptive expectation and rational expectation models are regarded as 

being static, stationary and backward looking, while in reality, a farmer’s optimising behaviour 

under a dynamic condition could best be represented in a sequence to minimise price 

expectation or quasi-rational expectation, conditional on having available information at a 

particular time.  

4.6.1 Co-integration framework 

Co-integration has become increasingly more important in the analysis of equilibrium 

relationships in recent years. Co-integration can be defined as being achieved when a group 

of variables are individually integrated of the same order, and there is at least one linear 

combination of these variables that is stationary. The variables are then said to be co-

integrated, and co-integration is concerned with the long-run equilibrium of variables (Granger, 
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1988; Johansen, 1988). A necessary and sufficient condition for co-integration is that the data 

series must exhibit similar statistical properties, that is, be of the same linear combination. A 

series is integrated of order I (0) if it is stationary at levels, and a stationary series has a 

constant mean, variance and autocorrelation function, over time. 

In reality, however, most economic data tend to exhibit non-stationary stochastic processes 

(NSSP). NSSP is a collection of random variables that are ordered in time, and they constitute 

a time series with time varying mean, variance and auto-covariance, since at various lag 

lengths, they are not the same and it is not possible to generalise or compare them with other 

time periods of an analysis (Gujarati, 2003; Granger & Newbold, 1974). Hence, they are not 

useful for forecasting purposes, as they may result in spurious regression or correlation. Such 

time series are of the following form: 

 

ttt AA   1 ………………………………………………………....... (13) 

where 

  Constant term, and  

1  is an error term. If t  has zero mean. 

t  Random walk with order I (0). 

tA  is an integrated series with the sum of a base value A  and the 
0A  differences 

tA  

has a unit root. If 
tA  is non–stationary, then the variance and mean are not constant, over 

time. 

A non-stationary series must be differenced to make it stationary. If 
tA  is integrated of order 

AD  or )(1 At DA   if it is differenced 
AD  times to make it stationary. In the literature, 

a number of studies (Johansen, 1988; 1991; Engle & Granger, 1987; Hendry 1986) have 

provided empirical expositions about co-integration methodology, as well as explicit tests for 

evaluating the co-integrating series properties of a pair of non-stationary series. The co-

integration methodology (Johansen, 1988, 1991) involves estimating all the co-integrating 
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relationships by constructing a range of statistical tests to test hypotheses about how many 

co-integrating vectors there are in the system and their level of interactions.  

The methodology illustrates the Maximum Likelihood Estimation (MLE) technique for 

estimating a number of distinct co-integrating vectors that exist, and the procedure involves 

the identification of the rank of the matrix. A test for a null hypothesis that there are r-co-

integrating vectors is proposed. Two Likelihood Ratio tests (LR) are constructed for detecting 

the presence of a single co-integrating vector statistic. The first test is called the Trace Test 

(LR tests statistics for the hypothesis that there are, at most, r-co-integrating vectors against 

the alternative hypothesis that it is greater than r (Johansen, 1988; 1991). 

The second alternative test is conducted using a maximum eigenvalue test that compares the 

hypothesis of r-co-integrating vectors against that of r-1 co-integrating vectors. A necessary 

condition for co-integration analysis is that all the variables under consideration are integrated 

of the same order (Hendry, 1986; Johansen, 1988, 1991). Hence, the theory of co-integration 

is dependent on the existence of unit roots. The MLE can be tabulated by stimulation or 

approximated by a chi-square distribution, and the LR test statistic is an asymptotically 

distributed chi-square with proper degrees of freedom. 

Overall, it must be acknowledged that although the statistical properties of the Johansen co-

integration technique seems better and the co-integration test is of higher power, the two 

approaches are both grounded within different econometric methodologies, and as such, 

cannot be directly compared. Hence, they complement each other. 

4.6.2 Vector error correction model framework 

Consideration is next given to a linear combination (Dhungel, 2014; Obayelu & Salau, 2010; 

Olubode-Awosola, Oyewumi & Jooste, 2006; Mohanty et al., 1996) of a generic vector error 

correction equation, of the form:  

1
)1(1 

 tTnjtX
j jtYtY

k k
ctY  …………………………………. (14)  

where 

∆ is the change operator (i.e. change in current period minus previous period), 
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∆Yt - ∆Yt-1), 

jj and  ,  are the vectors of short- and long-run supply elasticities with respect to 

factor j and j  represents the short-run coefficient, irrespective of its sign but should 

be individually significant and represent a short-run equilibrium to factor j. It measures 

the rate at which the previous period of disequilibrium of the system is being corrected. 

Parameter j  represents long-run equilibrium to factor j. The sign of j  should be 

negative and significant, as well for holding long-run equilibrium. 

εt-1 is the disturbance term with zero mean and constant variance.  

Y’s are the co-integrated time series variables. 

Then,  

tnjtXjtY   ……………………………………………………………………………. (15)  

where 

)1( njtXjtY    = measure ‘errors’, i.e. (divergences from the long-run 

equilibrium) and corresponds to the residuals of a lagged version of Equation (15). 

One period lag error correction term represents the equilibrium position in the short run 

and in the long run, respectively. 

j
  can be estimated from Equation (15), and the value imposed as a restriction on Equation 

(14). 

Alternatively, Equation (15) can be estimated in unrestricted form: 

tTnjtXjtYtY
k

ctY   11  ………………………………. (16) 

where 

  measures the level of error correction adjustment in Y, (the negative sign shows the 

adjustment towards the long-run equilibrium, while in the long-run coefficient, j  is 
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calculated from 


 j ). The vector error correction model is a system of single equations 

that shows the degree to which the equilibrium behaviour drives short-run dynamics, while the 

equilibrium relationship, in turn, has implications for a short-run behaviour, as one or more 

series move to restore equilibrium. It is important for  to be negative and significant 

for the system equation to converge to the long-run equilibrium. However, there are also cases 

where the error correction term   is negative, but not significant, which means that 

there is no long-run causality running from independent variables to dependent variables. It 

also fails to suggest the validity of long-run relationships between variables.  

From the model specification above, co-integration analysis can be conducted in two ways, 

namely through the Johansen co-integration methodology and through the Engle and Granger 

test. The Engle–Granger test (Engle & Granger, 1987) involves a two-step procedure: the first 

step involves testing the data variables at levels using OLS regression to establish the order 

of co-integration. The second step involves testing the residuals obtained from the OLS 

regression by applying the Dickey Fuller (DF) or the Augmented Dickey Fuller (ADF) test for 

stationarity (Dickey & Fuller, 1979). The DF test is based on an assumption that errors of 

t  are uncorrelated, but in practice, the errors term in DF shows evidence of serial 

correlation. Accordingly, the ADF test was developed to resolve the problem of serial 

correlation by incorporating lags in the first difference in the regression equation to make 

t  white noise and be normally distributed. 

To test for residual errors, we estimate the Augmented Dickey-Fuller (ADF) OLS regression 

in the form: 

kt

k

i
itot 



 

1
 ………………………………………………………… (17) 

Equation (17) is estimated to test for stationarity of the residual εt in Equation (16). However, 

if there is evidence of a unit root, then there is co-integration among the variables in Equation 

(16).  

K is an arbitrary lag length chosen until the residual is stationary (i.e. when i  is 

significantly different from zero). 
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However, j  in Equation (16) represents the parameter estimate for the long-run supply 

elasticity and is interpreted as the co-integrating parameter. 

The second alternative method is the Johansen (1991) co-integration technique. This method 

can be used to represent a vector error correction model of the form: 

tptY
p

jtiYtY  





1

11,0 …………………………………………………................... (18) 

where 

tY  is a vector containing the n endogenous variables, such as prices and 

quantities. 

The matrix j  represents the coefficient of the short-run variables.  

t  is white noise. 

The matrix  contains the information on the eventual co-integration relations among 

the series in the data  

Equation (18) can be reformulated as: 

tptY
p

jtiYtY  





1

11,0 .…………………………………………………. (19) 

The reduced rank of the matrix   captures the stationary variables in the long run. If the 

matrix   has a reduced ranked, there is a factorisation of 
   

where 

the matrix   contains the r  co-integrating vectors, and the matrix  ,contains the 

adjustment parameters in the error correction model. This implies that if the coefficient matrix 

of  has a reduced rank nr   then there exist nxr  matrices   and   each with rank r  

and r  is the number of co-integrating relationships. If the variables are co-integrated, then 
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rank () is not equal to zero, but is equal to the number of co-integrating vectors. The number 

of the co-integrating vectors is less than or equal to the number of variables n  and strictly 

less than n  if the variables have unit roots. 

However, if the rank of  is less than n  then its determinant is zero, which is useful for solving 

this problem because the determinant of a square matrix equals the product of the 

eigenvalues. If the rank of the matrix is less than the number of rows and columns in the 

matrix, then one or more of the eigenvalues is zero, and the determinant is also zero. 

Eigenvalues comprise a set of eigenvalues for the nxn  matrix A, given the n  solutions to 

the polynomial equation. 

After the confirmation of the stationary properties of the individual data series, co-integration 

tests are then used to determine the order of integration through the two likelihood ratio tests 

(namely the Trace and the Maximum Eigen Value statistic tests). Error correction may result 

from the co-integration test, and this error is corrected by using the residual t  to 

estimate a vector error correction model of the form: 

tntX
k

ctY   ……………………………………….…………………….………………. (20)  

The parameters in Equation (20) are   which measures the short-run effect on Y of 

changes in X and   measures the extent to which changes in Y can be attributed to the 

error correct term .t  The error correction term λ is the only potential I(1) variable, assuming 

there are no I(2) variables. The t-statistic of λ will be under the assumption of being closer to 

the normal distribution, since all the remaining variables are I(0), as their distribution is not 

affected by .t  

Several authors in the available literature (Inder, 1993; Engle & Yoo, 1991; Blangiewicz & 

Charemza, 1990; Banerjee, Dolado, Hendry & Smith, 1986) have criticised the Engle-Granger 

test due to small sample bias and the dynamics of supply response being better represented 

by an error correction model, where the residual t  is replaced with lagged variables 

)( 11   tt XY  and .1tX  Engle and Granger recommended that to avoid the dangers of 

spurious regression, it is better to reformulate co-integration equations in their differences, 
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rather than in levels of the variables concerned, but this strategy may lose information 

conveyed by the levels concerning any long-run relationship that may exist.  

This bias appears to be related to the goodness of the co-integrating regression, and a high 

squared residual (R2) may be necessary to obtain an acceptable result from the two-step 

procedure in the Engle-Granger test. It is better to use the vector error correction models that 

reinstate levels and the long-run consideration of the variables in difference form, as well as 

describing the short-run relationship between the variables. Hence, the model (Dhungel, 2014; 

Obayelu & Salau, 2010; Olubode-Awosola et al., 2006; Mohanty et al., 1996) becomes an 

unrestricted regression of the form:  

ntXnntXjntYLnntX
nk

ctY 


 2)(1  ……………….. (21) 

where 

  represents the short-run elasticity.  

2  represents the long-run elasticity.  

1  represents the error correction term. 

The parameter of the short-run   irrespective of its sign but being individually significant, is 

the short-run coefficient to be estimated and measures the short-run elasticity of supply 

response with respect to price. Furthermore, the parameter 2  should be significant, 

irrespective of its sign, and is the long-run coefficient that measures the long-run price 

elasticity of supply. Since all the variables used are in logarithm form, the coefficients of 

);( 1  can be interpreted as positive values, when converted back to real numbers. 1 is 

the coefficient of one period lag vector error correction term or residual from the system 

equations. It guides the variables of the system to restore back to equilibrium or it corrects 

disequilibrium in the system. For this to happen, the sign of 1  should be negative and 

significant. 

As stated earlier in the Section 4.5 of this Chapter, some of the advantages of using error 

correction models and its variant VECM (Hoffman & Rasche, 1997; Hallam & Zanoli, 1993; 

Nickell, 1985) include: 
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i. There are efficiency gains in estimating the reduced form of a vector autoregressive 

model when VECM is correctly specified, as it is derived from a dynamic optimising 

behaviour of economic agents. This facilitates the construction of forecasts with the 

estimated results.  

ii. The model allows for the combination of data series in both levels and difference 

form, such that the VECM conveys information on both the short-run and long-run 

dynamics. Nickell (1985) has illustrated VECM specifications as representing the 

forward-looking behaviour of economic agents. 

iii. Another feature of VECM is its statistical frequency domain properties. The model 

does not generate instabilities of either cyclical or pseudo-cyclical behaviour in first 

difference (i.e. the error correction term = 1). Hence, problems of spurious regression 

are avoided. 

iv. The attractiveness of VECM is its ability to integrate economic theory content with a 

flexible dynamic adjustment process, and the model clearly distinguishes between 

the coefficients of the short- and long-run elasticities, which makes possible the 

logical, economic interpretation of its results. 

v. Furthermore, VECM has the ability of bringing the endogenous variables (prices, 

quantities) back into equilibrium with the imposition of a restriction on the long-run 

effects of structural shocks. 

4.6.3 Vector Error Correction Model specification 

The theoretical vector error correction model, developed in the preceding Subsection 4.6.2, is 

given an empirical context by the estimation of five crop levels and one aggregate vector error 

correction model for South Africa to achieve the specific objectives (i & ii) that are mentioned 

in Subsection 1.4.1 of Chapter 1 of this study, which are to estimate the specific area supply 

response of field crops in South Africa, and to derive the degree of supply response elasticity.  

4.6.4 Crop level VECM model 

Specifically, the empirical model consists of five crop level supply models, representing each 

of the field crops considered in this study. Table 4.1 below illustrates the factors and the 
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expected effects on the supply curves of the changes in the variables used in this research 

study. Each of the models consists of five endogenous variables, representing the factors 

identified to influence the area planted in South Africa, and for which data can be sourced. 

This is to test the hypotheses raised in Section 1.3 of this study. A negative shift means a 

movement along the supply curve upwards and to the left, while a positive sign implies a 

movement downwards and to the right. 

 

  



 

155 

 

Table 4.1: Factors affecting supply response in South Africa 

Variable Expected sign/effects on 
supply 

Data source 

Producer price (average producer price) of 
the commodity 

Positive DAFF 

Producer price of competing crops Positive/Negative DAFF 

Prices of intermediate inputs Negative DAFF 

Average yield per tonne  Positive/Negative SAGIS 

Real exchange rate  Negative/Positive SARB 

Dummy variables (DT and DF) Positive/Negative  

Measurement of variables 
D  First derivative or first difference 

  Level of error correction in tY  

1  Short-run price elasticity. 

1b  Long-run supply elasticities. 

))1(( mLAPD  Total area planted to maize in period one, in hectares. 

))1(( LRMPPD  Vector of real producer price of maize in the first period, in Rands. 

))1(( LRSOPD  Vector of real producer price of sorghum (substitute crop), in Rands. 

))1(( LRCOPD  Price of intermediate inputs in the first period, in Rands. 

))1(( mYD  Average yield per tonne for maize crop in the first period. 

))1(( LERD  Exchange rate volatility measure in the first period. 

t  Error term with zero mean and constant variance. 

))1(79( DTD  Structural break dummy used to measure effect of climatic factor. 

))1(93( DTD  Structural break dummy to measure effect of policy regime in period one. 

))1(2005( DTD  Structural break dummy used to measure effect of climatic factor. 

Source: Author 
 

Producer prices are expected to have a positive relationship with supply response, by acting 

as a signal to farmers to produce greater amounts. Furthermore, the producer prices of 

substitute crops could stimulate supply responses to increase or decrease, depending on the 

level of interactions among the various crops. The prices of intermediate inputs are expected 

to be negative and to constrain supply response. The real exchange rate, the average yield 

per tonne and dummy variables (used as proxies for climate and policy regime) are expected 

to be positive or negative, depending on the direction of their movements.  

The specific empirical VECM model quantified for maize crops is as follows: 

))1(())1(())1(())1(( 3210  mm YDLRSOPDLRMPPDLAPD   

)1(93())1(79())1(())1(( 7654  DTDDTDLERDLRCOPD   

  ))1(()1(()1(([))1(2005 32108  mt YDbLRSOPDbLRMPPDbbzDTD   
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))1(93())1(79()1(()1(( 7654  DTDbDTDbLERDbLRCOPDb    

tDTDb  ]))1(2005(8 …………………………………………………………………… (22) 

where  

 D  represents the first derivative. 

   represents the level of error correction in maize area planted 

 
i  represents the short-run price elasticity. 

 
ib  represents the long-run supply elasticities. 

 ))1(( mLAPD  represents the area planted to maize in the first period. Area planted is 

measured in hectares and represents crop total area planted for the country. 

  ))1(( LRMPPD  represents a vector of maize real producer price (Rands) in the first 

period, and it is deflated by the 2005 consumer price index for grains to capture inflation 

and uniformity in data. 

  ))1(( LRSOPD  represents a vector of sorghum real producer price (substitute crop) 

in the first period, and it is deflated by the 2005 consumer price index (CPI) for grains. 

Sorghum and wheat are considered as substitutes for maize and barley, respectively. 

Other crops are excluded for lack of historical time series data.  

 ))1(( LRCOPD  measures the price of intermediate inputs (Rands). The effect of input 

prices should be negative. The intermediate inputs used for field crops are fertiliser, fuel, 

farm feed, packing materials, repairs and maintenance. Labour cost is excluded for lack 

of readily available data. 

 ))1(( mYD tZ  represents the average yield per tonne for the maize crop. It is 

computed by dividing production quantities by total area planted to the maize crop. 

 t  represents the error term, with zero mean and constant variance from the estimated 

model. 

 ))1(( ERD  represents the real exchange rate volatility measure in the first period. It is 

computed by using an EGARCH approach (see Bollersiev, 1986; Engle, 2001). The 

volatility estimates were used to capture production risk in the VECM. 

 ))1(79( DTD  represents a structural break dummy that captures the effects climate 

in the first period.  
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 ))1(93( DTD  and ))1(2005( DTD  represent structural break dummies used to 

evaluate the effects of the policy regime. 

4.6.5 Aggregate VECM specification 

This study used the direct econometric VECM with co-integration approach to test the 

responsiveness of aggregate agricultural production in the field crop sector to changing 

relative prices, over time. The motivation behind this is to achieve the specific objectives (ii & 

v) set out in Section 1.4.1 of this study, which are to estimate aggregate supply response for 

South Africa and to compare the results with previous studies. Secondly, to estimate 

aggregate supply response in view of changes in agricultural policy environment in South 

Africa and to compare the results of the estimated single equation crop specific elasticities, 

which reflect the inter-crop shifts in resource allocation with that of aggregate production in 

field crop sector. 

There are two basic regression methods used to measure aggregate supply response, namely 

those with direct specifications and those with indirect specifications. The direct method 

involves econometric estimation, just as with the single crop level estimation where aggregate 

output is regressed on price indexes and other relevant variables. According to Colman 

(1983), the Griliches or indirect method for measuring aggregate supply response involves a 

two-step procedure, with the supply function being derived from a profit maximising economic 

agent.  

The Griliches (1960) procedure involves estimating the aggregate agricultural supply 

response with the aid of a Cobb-Douglas normalised profit function (or a more flexible translog 

form of cost function) for a single output production process, whereby all price variables in the 

profit function are deflated by the output prices. To date, the Griliches technique has been 

used only for developed countries, mostly because of its exacting demands in terms of data 

requirements on inputs and output prices. The absence of extensive data on agricultural inputs 

and outputs in most developing countries makes the Griliches approach unsuitable for 

analyses regarding Sub-Saharan Africa (McKay et al., 1999). 

This procedure relies on a maintained hypothesis of profit maximisation in order to derive 

market level supply response, and on inputs demand functions from the production, cost, profit 

or input demand functions estimated in the first stage. The method can be used with either 
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time series or cross-sectional data, and this duality property enables the choice of which 

system of dual equations to estimate, depending on data availability (Colman, 1983). 

Furthermore, the aggregate supply response is expected to be different, due to technological, 

economic and sociological factors, such as yield risks, availability of arable land, multi-

cropping production systems, farm size, farmer’s income level, level of farmer’s education, 

and incidence of land tenancy (Mamingi, 1996). Therefore, aggregate supply reflects the 

behaviours of several farmers, which depends on the relative importance of commercial 

production, subsistence production, and the tenancy arrangement in agriculture. 

The choice of the variables used for the aggregate supply model followed similar empirical 

studies (Muchapondwa, 2008; Olubode-Awosola et al., 2006; McKay et al., 1999; Foster & 

Mwanaumo, 1995) in the literature review, and was determined by the availability of historical 

time series data. Data availability has been a persistent, recurring constraint in the analysis of 

agricultural supply response studies (Thiele, 2003; Mamingi, 1997). The paucity of data is 

further compounded by several arrays of prices and non-price factors that affect agricultural 

production, for which historical data cannot be sourced. For instance, historical data, over 

time, on soil quality, human capital, expenditure on agricultural research and extension, and 

farmers’ literacy levels, are not readily available. Furthermore, where such data exist, they 

must exhibit some degree of variance and they must be readily available, over time. 

Table 4.2 below shows the variables used to measure the aggregate supply response in South 

Africa’s agriculture. 
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Table 4.2: Variables used in the aggregate supply model 

Variable Expected sign/effects on 
supply 

Data source 

VOP (Value of agricultural production) in 
field crop sector 

Positive DAFF/SAGIS/FAO-
Stats. 

GCFA (Gross value of capital formation in 
agriculture) 

Positive DAFF 

APP (price indices for field crops) Positive DAFF 

FQ (price indices of all farming requisition) Negative DAFF 

Exchange rate volatility measure  Negative/Positive SARB 

Dummy variables (DT and DF) Positive/Negative  

Measurement of variables 

D  First derivative or first difference 

  the level of error correction in value of agricultural production 

i  Short-run price elasticity. 

ib  Long-run supply elasticity. 

tVOP  Value of agricultural production (field crops) in period t. 

tAPP  Price indices of field crops in period t. 

tFQ  Price indices of all farming requisites in period t. 

tER  Exchange rate volatility measured from EGARCH model. 

tGCFA  Gross capital formation in agriculture in period t. 

tT  Deterministic time trend in data series in period t. 

t  

Error term with zero mean and constant variance in period t. 

))1(2005( DTD  Structural break dummy measuring structural changes in period one. 

Source: Author 

The specific empirical aggregate supply model (Rao, 2014, McKay et al., 1999; Foster & 

Mwanaumo, 1995; Pandey, 1981) can be quantified as follows: 

 

))1(())1(())1(())1(( 3210  LNGCFADLNFQDLNAPPDLNVOPD   

                                      0654 [))1())1(2002())1(( bzTDDTDLNERD t    

                       ))1(())1(())1(())1(( 4321  LNERDbLNGCFADbLNFQDbLNAPPDb  

                           tTDbDTDb  ])1(())1(2002( 65 ……..………............... (23) 

where  

 D  represents the first derivative. 
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   represents the level of error correction in the first period 

 
i  represents the short-run price elasticity. 

 
1b  represents the long-run supply elasticity. 

 ))1(( LNVOPD  represents real value of agricultural production (field crops) in the first 

period. VOP is measured in Rands and represents the aggregate agricultural production 

value in the field crop sector. 

  ))1(( LNAPPD  represents price indices of field crops in the first period. 

  ))1(( LNFQD  represents price indices of all farming requisites in the first period. 

This variable includes price indices on intermediate goods and services (fertiliser, fuel, 

farm feed, packing materials, crop protection, repairs and maintenance), machinery and 

implements (tractors, trucks, irrigation equipment, pumps, mass trailers) and materials 

for fixed improvements (fencing, building materials).  

 ))1(( ERD  represents the exchange rate volatility measured in the first period, and is 

estimated from the EGARCH technique (see Bollersiev, 1986; Engle, 2001). The 

exchange rate volatility estimates are used to capture production risk. 

 ))1(( LNGCFAD  represents real gross capital formation in agriculture (in Rands) in 

the first period. 

 t  represents the error term with zero mean and constant variance from the estimated 

model. 

 T  represents the deterministic time trend in data series, which is used to capture the 

effects of other omitted variables, such as technology and credit constraints. 

 ))1(2005( DTD  represents a structural break dummy in the first period, which is used 

to evaluate the effects of a policy regime. 

 

4.7 STRUCTURAL BREAK ANALYSIS 

This section deals with 
tt DFandDT   (dummy specifications) used in the models specified in 

Sections 4.6.4 and 4.6.5. Structural break can be defined as the permanent change in the time 

series model, and this may be attributable to the effects of economic policies, micro-economic 

events or other market forces, and at times, it may be due to randomness in the data series 
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(Verbeek, 2004). On the other hand, Brooks (2008) has argued that a structural break is 

permanent and non-reverting. 

Most macro-economic time series data exhibit a problem of structural change (breaks in series 

deterministic components) and the issue of structural change is of considerable importance in 

modelling macro-economic time series. Structural break occurs in many time series for a 

number of reasons, including technological progress, preference change, economic crises, 

changes in institutional arrangements, policy changes and regime shifts, and climatic and 

weather factors such drought. 

Drought can be defined as a period of below-average precipitation in a given region or country 

over a period of time, resulting in prolonged shortages in water supply. According to the South 

African Weather Bureau Services (SAWBS 2018), drought is defined as the degree of dryness 

as compared with the normal or average rainfall for a particular area or place over a particular 

time period, and usually, less than 75% of the normal rainfall is regarded as a severe 

meteorological drought, while less than 50% of normal rainfall will cause crop failure and water 

shortages. Other climatic factors, such as high temperatures, high winds, low soil moisture 

and low relative humidity, can significantly aggravate the severity of drought conditions. 

The issues and impacts of drought have been causing critical problems for agriculture and 

vulnerable communities for many years in South Africa, and according to Vogel, Laing and 

Monni (2000), droughts are common occurrences in Southern Africa. They occur regularly and 

vary in magnitude and frequency. South Africa has witnessed a series of devastating droughts 

over the past 30 years, in 1991/92, 2003/04, 2007/08 and 2015/16. These have created 

drought-induced recessionary pressures on the agricultural sector (Agri SA, 2016). All these 

have affected the structure and production of the field crops under consideration. 

In addition, the agricultural policy environment has witnessed several purposeful changes 

(Liebenberg, 2013; Vink & Van Rooyen, 2009; OECD, 2006) since the liberalisation of 

agricultural trade and the deregulation of the marketing of agricultural products in 1996. These 

policy changes make it necessary to test for structural breaks in the time series data for the 

field crops in South Africa.  

An associated problem is that of testing the null hypothesis of structural stability against the 

alternatives of one- or two-time structural breaks in the field crops data series. Most 

importantly, if structural changes are present in the data generating process, but are not 
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detected, this will have effects on an econometric model specification and may results in 

biased inference analysis and model forecasting ability (Hansen, 2001; Perron, 1997; Stock & 

Watson, 1996; Bai & Perron, 1998). 

Several tests for structural change have been used in the econometric literature, and are 

classified into two groups: (a) tests for a single structural change, and (b) tests for multiple 

structural breaks. 

The classical test for a single structural change is typically attributed to Chow (1960), and the 

testing procedure involves splitting the sample into two sub-periods, estimating the 

parameters for each sub-period, and then testing the equality of the two sets of parameters 

by using a classic F statistic test. However, an important limitation of the Chow test is that the 

break-date must be known a priori. 

Bai and Perron (1998) have developed tests for multiple structural changes. Their method is 

sequential, starting by testing for a single structural break. If the test rejects the null hypothesis 

that there is no structural break, the sample is split into two (based on the break-date estimate) 

and the test is re-applied to each sample period. 

Furthermore, econometric advances have provided a rich methodology for endogenously 

testing for the presence of structural breaks of unknown break-date in a more general 

framework. The econometrics of structural breaks are based on constructing tests to detect 

the presence and number of break-dates, building an algorithm to find the breaks sequentially 

or simultaneously, establishing the asymptotic properties (convergence, consistency, 

distribution) of the location estimator, and then calculating confidence intervals around the 

break-dates (Bai & Perron, 2003).  

The graphical plots of the data series presented in Annexure A1 ARE partially erratic, and a 

visual inspection of the evidence suggests that the presence of a structural break may be 

disguised by the variability of the annual values of the data series around a broken trend. 

Hence, this study used the recursive OLS regression analysis developed by Newbold, Rayner 

and Kellard (2000), which is a systematic technique utilised to identify and capture structural 

breaks in any macro-economic data series among several methods. 

In the econometrics of structural change, there are three types of test that can be conducted, 

namely (i) tests for structural break of unknown timing, (ii) estimation of the timing of a 
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structural break, and (iii) tests to distinguish between a random walk and broken time trends. 

The most common tests include the Wald and LM test, the Mean-Lagrange Multiplier test, the 

Maximum-Likelihood ratio test, the rolling and recursive test, the Chow test, CUSUM, and the 

Q test. Several researchers (Alemu et al., 2003; Ogundeji et al., 2011) have used these 

methods to detect and evaluate the impacts of exogenous variables, among other factors, that 

could result from the transition to a new policy regime. 

To determine the periods in which structural breaks occur, the series of the residuals from the 

fitted supply response model were examined by using a recursive least square estimation, 

and the structural break points, where the absolute values of the residual exceeded two 

standard deviations, were determined. When the residual exceeds the two-standard error 

band in a specific year, an intercept and dummy variable are introduced into the supply 

response equation for that specific year, as specified in Equation (24). 

For each break date [BD] identified, 2 dummy variables are fitted, as shown in equation (24): 

1tDT       i.e.             If t = BD, and 0 otherwise 

 
                                                                                        ………………………........... (24) 

 
1tDF

     i.e.              
If t>BD and 0 otherwise 

In equation (24), the two dummy variables DT and DF represent either periods of drought or 

policy regime shifts. The dummy variables take a value of 1 for years with structural break 

dates, such as 1980, 1981, and 1983, and otherwise 0, as determined from the recursive OLS 

regression results. Table 4.3 below presents the estimated recursive OLS regression results. 

The dummy variables are therefore incorporated into the six VECM equations, based on the 

results of OLS recursive analysis that generates the structural break years, as shown in Table 

4.3, and these dummy variables were identified by this study. 

From Table 4.3 below, the structural break dates are DT79, DT80, DT81, DT91, DT92, 

DT2002 and DT2008 which represent periods of drought in South Africa. On the other hand, 

the dummy variables or dates represented by DT78, DT87, DT93, DT98, DT2000 and DT2005 

capture the effects of government agricultural policies and administrative policies on the socio-

economic landscape of South Africa. These policy regimes were also captured in the literature 

(Kirsten & Virk, 1999; Vink & Kirsten, 2000; Virk, 1993; OECD, 2006; DAFF, 2012; Vink & Van 

Rooyen, 2009). These include fiscal tax incentive policies (1978); the shift to pool pricing for 
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grains (1987); the abolition of a single marketing channel and the labour Act Number 147 

(1993); the regularisation of water rights and the water Act Number 36 (1998); the SADC Free 

Trade Agreement (2000); the Sugar Agreement Act (2000); the diesel rebate system (2000); 

the integrated food security strategy (2002); the strategic plan for the grain industry (2005) 

and the tariff specifications for agricultural products, the strengthening of the exchange rate, 

and the introduction of a comprehensive agricultural support programme (2005). 

Table 4.3: Structural breaks results from Recursive OLS regression 

Model Years with outliers 

Maize 1979, 1993, 2005 

Wheat 1981, 1990, 1992, 1998 

Barley 1980, 1991, 2000 

Grain sorghum) 1990, 1992, 1993, 2005 

Sugar cane  1978, 1987, 1993, 2006, 2008, 2011 

Aggregate model 1979, 1983, 2002 

Source: OLS recursive analysis results. 

4.8 EGARCH MODEL SPECIFICATION 

To achieve the specific objective of estimating an exchange rate volatility measure for South 

Africa, an exponential generalised autoregressive conditional heteroscedastic (EGARCH) 

approach was used, as stated earlier in Section 1.4 of this study. One EGARCH (1, 1) model 

for the estimation of exchange rate volatility is accordingly specified and estimated in this 

section to capture risk encompassing the VECM. 

EGARCH is one of the most widely used asymmetric univariate models of conditional volatility, 

and it includes different asymmetric terms in the conditional variance equation. Sjoholm (2015) 

defined asymmetry as the different impacts on volatility of positive and negative shocks of 

equal magnitude, and described leverage as a special case of asymmetry that captures only 

the negative correlation between the returns shocks and subsequent shocks to volatility. 

Hence, EGARCH is regarded as a discrete-time approximation to a continuous-time stochastic 

volatility process, which is expressed in logarithms, and conditional volatility is guaranteed to 

be positive without any restrictions on the parameters.  

From the literature review (Sjoholm, 2015, Nelson, 1991), an EGARCH model can be specified 

(following similar studies by Ng’ambi, 2015, and Ramasamy & Munisamy, 2012) in the form: 

)ln()()( 2

11 10

2
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j jJt

q

j jt gLog  
  ……………………………………………. (25) 
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where 

)( 2

tLog   = represents conditional variance at time t, 

t  represents the residuals derived from the model,  

)ln( 2

1t  = the GARCH term representing previous year’s forecast variance, 

           jj g,,0   = represents coefficient estimates from the model, 

0  is a constant and denotes the magnitude effect of the volatility, 

j  is the ARCH coefficient (innovations), 

jg  is the GARCH coefficient (variance) and it represents the asymmetric leverage 

parameter that quantifies the degree of the volatility leverage effect in the model. 

Asymmetry exists if 0jg  (GARCH coefficient is not equal to zero) and a symmetry 

condition exist if  0jg  while leverage arises if the parametric conditions (GARCH 

coefficient is less than zero) 0jg  and  

The conditional variance is constrained to be non-negative by the assumption that the 

logarithm of 
2  is a function of passed 

s

t

'  and where )( 1tjg   is defined as the 

weighted innovation. 

)]([)( 11 tjtjtjtt Eg    ...........................................  (26)  

where qj ......1  and and  are real constants. 

Both )( ttt Eand    are zero mean sequences with continuous distributions. 

Therefore, Tsay (2005) assumed 0)( tgE  such that if, for example, 

00   and  then )ln( 2

1t  will be positive when the magnitude of change in t  is 

larger than the expected value of t . 
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Similarly, if 0  and the magnitude of change in t  is smaller than the expected values 

of t , the negative effect will be larger than if )( tjt E  
. Therefore, the conditional 

variances (Nelson, 1991) will respond differently in magnitude to positive and negative shocks. 

This is because of the property which states that negative shocks of the volatility tend to have 

bigger impact, and as such, jg  is often assumed to be negative as well (Ng’ambi, 2015). 

The combination of Equations (25) and (26) forms the Nelson EGARCH model and the most 

popular EGARCH model is the EGARCH (1 1) model, where 1& qp . 

Furthermore, the EGARCH (1 1) model may be written as a combination of Equations (25) 

and (26) where Equation (26) now becomes: 

)]([)( 11111 tttt Eg   
…………………………………............ (27) 

substituting 1, qp  into Equation (25) becomes: 

2

1111110

2 ln)([)ln(   ttttt E  …………………………………….. (28) 

Assuming Gaussian distribution (normal distribution) is introduced into the model, the error 

term becomes: 

 /2)( tE  and substituting into Equation (28) to derive Equation (29), which is the 

reduced form of EGARCH (1 1) used in empirical studies (Islam, 2014).  
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where  

2

t  is known as the conditional variance since it is a one period ahead estimate for the 

variance calculated on any past information thought to be relevant. 

0  is a constant. 
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  measures the persistence in conditional volatility in respect of anything happening in the 

market. When   is relatively large, then volatility takes a long time to die out following a 

shock (crisis) in the market (see Alexander, 2009). 

The   parameter measures the asymmetry or leverage effect, which is the parameter of 

importance as the EGARCH model will allow for the testing of asymmetries. 

The   parameter represents a magnitude effect or the symmetric effect of the model, 

referred to the ‘GARCH’ effect. 

According to Tsay (2005), one of the properties of EGARCH is that negative shocks of volatility 

generate a larger impact than positive shocks do, which renders   as being assumed to be 

negative. 

This implies that good news and bad news have different effects on volatility, while between 

good and bad, bad news is said to have a more substantial effect on future volatility of returns. 

A major characteristic of this model is its leverage effect. The leverage effect is asymmetric in 

volatility induced by large positive and negative returns. Hence, the model is able to explain 

the leverage effects by enabling conditional variance to respond asymmetrically to rises and 

falls in volatility returns. 

Furthermore, since the conditional variance is transformed into logarithmic form, as opposed 

to conditional variance, it implies that the leverage effect is exponential, rather than quadratic, 

and the logarithmic transformation avoids the complication of artificially imposing parameter 

restriction, which ensures non-negative variance (Islam, 2014). 

EGARCH is a class of heteroscedasticity models that is used to measure conditional volatility, 

and the efficiency of the model, when compared with other types of GARCH model, has been 

proven (Ramasamy & Munisamy, 2012) and it was used for this study for this reason. 

The EGARCH method involves specifying a mean equation, following similar studies 

(Takaendesa et al., 2005; Gonzalez, Spencer & Walz, 2003; Brooks, 2008), in the form: 

ttV   ……………………………………………………………………… (30) 

where 

tV  represents real exchange rate. 
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  represents the future exchange rate. 

t  represents the error term at time t. 

 

Exchange rate volatility can have a positive or a negative effect on supply, especially on net 

exports. Moreover, where exchange rates are highly volatile, variations in net exports become 

more prominent. 

4.9 DATA DESCRIPTION AND SOURCES 

Generally, historical time series data for South Africa were used in this study for the period 

1970 to 2012, comprising 43 observations. For the specific crop level models, area planted is 

calculated in 1000s of hectares and the data series are from DAFF and SAGIS. The average 

producers’ prices and intermediate input prices are in Rand values, and consist of fertiliser, 

fuel, farm feed, packing materials, repairs, and maintenance. Labour cost is excluded for lack 

of readily available data. The data series is deflated by the 2005 consumer price index for 

grains to capture inflation and uniformity in data. The data series details all come from DAFF, 

and are complemented with recoverable producer prices for sugar cane provided by SASA.  

The data series on the intermediate input prices used in the field crops model exclude labour 

costs, as details for this data are not readily available. The data series were constructed by 

the author from the intermediate input prices from the Abstracts of Agricultural Statistics 

(DAFF). Data on the exchange rate in Rand values and the consumer price index for food 

grains were obtained from the economic database of South African Reserve Bank and 

Statistics South Africa, respectively. Details for the data on the yield values were computed 

by the author from the annual production data collected from SAGIS, and were supplemented 

with FAO statistics where there were missing values. 

In addition, monthly rainfall data series from 1960 to 2013 were collected from the South 

African Weather Bureau Services (2013) and the data series were converted to annual data 

series. For the aggregate supply model, data on gross value of capital formation in agriculture, 

in Rand values, were sourced from DAFF and Statistics South Africa. Data series on 

aggregate values of field crop production, in Rand values, and volumes of aggregate 

production, in tonnes, are taken from the Abstract of Agricultural Statistics (DAFF). The time 

series data on producer price indices for grain crops and prices indices on total farming 
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requisitions are all taken from DAFF. Finally, the exchange rate data are taken from the South 

African Reserve Bank (SARB).  

All the time series data were confirmed to ensure that there would be no major challenge of 

missing data series (and these are available, on request, from the author). However, variations 

in data for the same variables were found among the sources, and so data consistency is a 

major constraint, in addition to the lack of readily available time series data on actual 

production costs for each crop such as, labour costs, fertiliser use/cost, expenditures on 

research and development on field crops. 

All data series are transformed to logarithmic forms; therefore, parameter estimates are 

elasticities and all prices are deflated by the 2005 consumer price index for grain. The implicit 

assumption is that farmers want to increase the possibility of diversifying their consumption, 

and are expected to react to changes in relative prices. These changes are usually captured 

by the crop price, as deflated by the consumer index (Olubode-Awosola et al. 2006, 

Muchapondwa, 2008). 

4.10 SUMMARY AND CONCLUSIONS 

In this Chapter, aggregation issues with respect to variables used in supply response analysis 

were discussed. This was followed by discussion of the price expectation formation and the 

methodological types. In the next section, theoretical and analytical frameworks and the 

underlying assumptions used to develop the vector error correction model in this study were 

formulated and discussed. In particular, the conceptual literature indicates which econometric 

procedures/tests to follow in estimating the parameters of the vector error correction models. 

Furthermore, this section also discussed the structural break analysis and the identification of 

the dummy variables to be used to capture the agricultural policy regime and weather in this 

study. This was followed by the EGARCH model specification used for the estimation of the 

exchange rate volatility measure in the VECM model. The last section contains the definitions, 

description and sources of the time series data used for this study.  
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CHAPTER 5: EMPIRICAL ESTIMATION AND RESULTS 

 

5.1 INTRODUCTION 

This section adds to the strand of literature (methodology) regarding the supply response of 

farmers in South Africa by using a vector error correction model. This Chapter is structured in 

such a way that it takes into consideration all the analyses in Chapters 1 to 4 of this study. 

However, it is not always possible to estimate a model as suggested by economic theory due 

to the complexities and the arrays of the several variables that influence supply (Mamingi, 

1997). Several constraints, such as data consistency and un-availability, use of proxy 

variables, and quantification problems, may therefore lead to overestimation or 

underestimation of supply response.  

However, in general, and given the aforementioned econometric issues, this study is different 

from previous supply response studies in South Africa in that the use of the VECM model 

allows for the combination of data series in both levels and difference form, such that the 

statistical frequency domain does not generate instabilities, either in cyclical or in pseudo-

cyclical behaviour in first difference. Hence, the problem of spurious regression is avoided. 

Furthermore, VECM can integrate economic theory content with a flexible dynamic adjustment 

process, and bring endogenous variables (prices, quantities) back to equilibrium. 

Furthermore, as the statistical properties of the time series data were tested for stationarity, 

there is no problem of missing data, and the use of lagged variables will eliminate problems 

of endogeneity. Moreover, when the VECM is combined with the co-integration test, it 

performs better, given the data limitations.  

However, the theoretical model used for this study is restricted by the partial equilibrium nature 

of the analysis. The demand side of field crop production is not considered, as it is assumed 

that there are markets (demand) for all the crops produced in South Africa. Hence, this 

eliminates the demand side effect on supply. 

A vector error correction method is used to estimate five crop level supply equations and one 

aggregate supply response model to analyse the supply response of field crops in South 

Africa. The aggregate supply response measures the degree or responsiveness of agricultural 
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production to changing relative prices, or to the movements in the terms of trade for 

agriculture. Furthermore, the aggregate supply involves the transferring of resources to the 

agricultural sector from other sectors of the economy or the utilisation of underemployed 

resources within the agricultural sector; hence, the aggregate supply measures the pace of 

agricultural output growth. 

Colman (2009) defined agricultural terms of trade (TOT) as representing a situation whereby 

the demand for agricultural products rises less quickly than demands for manufactured goods 

and services do, as economic growth occurs and incomes rise. However, contemporary 

literature hardly refers to the terms of trade of agriculture, but instead, much emphasis is 

placed on commodity terms of trade, i.e. comparisons of the changing price of a commodity 

bundle to a bundle of manufactured commodities. 

The first section of this Chapter presents the computation and results of an EGARCH (1 1) 

analysis to measure exchange rate volatility, following similar works by Engle (2004); Klaassen 

(2004); and Musonda (2001). The parameter estimates derived from the EGARCH analysis 

were then used in the VECM model. The second section starts by describing the basic 

statistical tests on all the variables used in the VECM model that best suit South African 

agriculture, based on the literature review and analysis of the field crop sectors in Chapters 2 

and 3 of this study. 

The literature review provided great insights on the issues and important factors of note in 

modelling supply response, while from the industry overview, the key variables affecting 

supply response in South Africa were identified. All the time series data used were tested for 

unit root by using ADF and Phillips-Perron unit root tests. In both approaches, the test was 

conducted with no trend, no constant, and both constant and trend. The number of lags for 

each series is chosen in such a way that the Akaike Information Criteria (AIC) for the 

regression is minimised.  

The null hypothesis for all approaches is that all data series contain unit roots, with the 

exception of rainfall data. The results show that most of the variables are non-stationary in 

level forms, but their first difference is stationary. The presence of non-stationary variables in 

level implies that the standard fixed-effect regression model would not constitute a co-

integrating regression, and the parameter estimates would be inconsistent (Pasaran & Smith, 

1995). This was followed by the selection of the optimal lag length prior to the co-integration 

test to determine the order of co-integration among the variables of interest. 
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The next section briefly outlines the criteria used to estimate the VECM supply response 

models, together with a presentation of the results and discussions. In each model, the focus 

is placed on the short-run and long-run parameters, influencing variables, and the coefficient 

of adjustment on the error term used to investigate the evidence for a long-run relationship. 

The Chapter is concluded thereafter.  

5.2 ESTIMATION OF EXCHANGE RATE VOLATILITY  

Prior to the estimation of the vector error correction model, there is the need to compute the 

exchange rate volatility measure, as this variable will be used in the encompassing VECM to 

achieve the third specific objective of this study: to compute an exchange rate volatility 

measure by using an EGARCH technique (as mentioned earlier in Section 4.8). 

There are several methods for calculating exchange rate volatility, and as mentioned earlier 

in the literature2 review in Subsection 2.4.4 of this study, there are several statistical methods 

used to measure exchange rate volatility. However, economic theory does not suggest a 

particular, best measure of exchange rate risk. The choice of volatility measure is subjective 

and the empirical results vary in accordance with the method used. Two methods widely used 

by most researchers are the standard deviation technique and the GARCH process. 

To overcome some of the problems associated with the two above-mentioned methods such 

as the non-negativity conditions of the variance which may be violated by the estimated model 

and the models also cannot account for leverage effects, although they do account for volatility 

clustering and leptokurtosis in the data series. The EGARCH method correct these anomalies 

as it is more flexible, accounts for leverage effects, and does not violate any of the classical 

regression analysis assumptions that the OLS estimators are unbiased, consistent with zero 

mean with minimum variance, and are normally distributed. 

The EGARCH models constitute a specification of an autoregressive process with zero mean 

and constant variance that allows for the inclusion of one or more lagged values of the 

dependent variable on its explanatory variables (Enders, 2010, Du & Zhu, 2001). The model 

performs better with high-frequency time series data for a large number of observations 

(Klaassen, 2004; Engle, 2001; West et al., 1993). In addition, EGARCH models, according to 

Matei (2009), can also resolve the problem of autocorrelation in time series data.  

                                                
2 Different types of exchange rate volatility are provided by Vergil (2002). 
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In estimating the EGARCH model, the procedures3 are as follows: the exchange rate data 

series are deflated by 2005 consumer price index for grains to remove inflation and uniformity 

of data series, and thereafter converted into logarithm forms. The second step involves 

conducting a unit root test on the data series by using ADF and Phillips-Perron statistic tests 

to determine whether to accept or reject the null hypothesis of presence of unit root. The next 

step is to difference the data series to render them stationary, and thereafter the optimal lag 

length is selected by using any of the following diagnostic statistic tests: the Schwarz 

information criterion (SIC), the sequential modified likelihood ratio (LR) test, the Akaike 

information criterion (AIC) and the Hanaan-Quinn information criterion (HQ). 

The fourth step involves using the Box-Jenkins methodology to determine the order of the 

autoregressive moving average process, and the Arch-LM tests are conducted to determine 

whether to reject or accept the null hypothesis of no arch effect present in the data series. 

Once the inference of rejecting the null hypothesis of no arch effect decision is made, 

EGARCH (1,1) is estimated to generate the conditional variance/conditional standard 

deviation, which is used to represent the exchange rate volatility measure. 

The Lagrange Multiplier (LM) test for autoregressive conditional heteroscedasticity (ARCH) 

effect was developed by Engle (1982) to model the disturbance behaviour of the regression 

models of monetary and financial variables. Under the null hypothesis is that the errors are 

ARCH. According to Engle and McFadden (1994), if the data series are homoscedastic, then 

the variance cannot be predicted, and the variations in the error term 2

t  will be purely 

random. Conversely, if an ARCH effect is present, then large values of 2

t  will be predicted 

by the large values of the past squared residuals. 

This study, therefore, used the exponential generalised autoregressive conditional 

heteroscedasticity (EGARCH) method proposed by Nelson (1991), which has certain 

advantages over the pure GARCH specification, as it allows for the fitting of an exponential 

function curve to historical time series data, which is more flexible for estimating exchange 

rate volatility. 

The results of the augmented Dicky-Fuller (ADF) and Phillips-Perron (PP) tests for unit root 

test are presented in Tables 1-4 in Annexure A4. The ADF and PP tests was conducted with 

                                                
3 See annexure A2 for the estimation procedure. 
 



 

174 

 

none, both, or without deterministic trend by using E-views 9.5, with the lag length relatively 

larger and corresponding to the highest (absolute value) of the Akaike information criterion 

(AIC). The results indicate that, in all cases, we cannot reject the null hypothesis of a unit root 

at 5% level in the real exchange rate data series, as the t-statistics calculated in both tests are 

greater than the critical t-statistic is. This result suggests that there is unit root in the data 

series and that the exchange rate series is not stationary. 

The exchange rate series was differenced once and the ADF and PP tests were performed 

again on the data series, and at 5% significance level, the null hypothesis is rejected. This 

indicates that the exchange rate variable is I (1) and stationary, as shown and reported in 

Tables 1 to 4 in Annexure A4. 

Having confirmed the stationarity of the exchange rate series, the next step is the estimation 

of the EGARCH model in Equation (30), in order to determine the ARMA (autoregressive 

moving average) by using the Box and Jenkins (1970) specification for real exchange rate 

(LNRER). An iterative approach was used to minimise the Akaike Information Criteria (AIC) in 

order to determine the mean process for the exchange rate.  

This is the model selection tool that has been proposed in the time series literature for selecting 

the order of the model from among various possible choices for ARMA models that best fit the 

data series. The ARMA with highest minimal values were selected, being AR (5) and MA (4), 

as derived from the estimated OLS regression shown in Table 5.1 below. 
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Table 5.1: ARIMA (p, q) B-J BOX MATRIX 

ARMA ar0 ar1 ar2 ar3 ar4 ar5 ar6 

ma0 -1.166712 -1.13439 -1.175414 -1.200355 -1.105076 -1.028826 -0.960392 

ma1 -1.237094 -1.282414 -1.19009 -1.140792 -1.612072 -1.017023 -0.928558 

ma2 -1.230439 -1.227298 -1.137602 -1.263541 -1.107945 -1.156514 -1.069011 

ma3 -1.196717 -1.200015 -1.182322 -1.09376 -1.121971 -1.146165 -1.147758 

ma4 -1.174419 -1.182826 -1.157388 -1.094508 -1.205911 -2.901408 -1.064684 

ma5 -1.371683 -1.316198 -1.209381 -1.370938 -1.183296 -1.337227 -1.073377 

ma6 -1.222583 -1.264329 -1.206845 -1.225516 -1.864622 -2.410766 -1.129188 

Source: author 

The ARMA model estimated is (5, 4), corresponding to ARMA (p q). Following similar works 

by Ramasamy and Munisamy (2012); Gonzalez et al. (2003); and Takaendesa et al. (2005), 

the mean equation of the form is specified as: 

 

                         ttV   ……………………………………………………………… (30) 

where 

tV  represents the logarithm of exchange rate at time t. 

  represents expected exchange rate. 

t  represents an error term with zero mean at time t. 

 

To test for an ARCH effect in our model, we regress the square of the residuals in Equation 

(30) and then we regress the outcome on 12 lags, since the data series is annual, such that 

R2 from the regression is multiplied by the 43 observations in the exchange rate data series 

to construct Chi–square test statistics. The results, derived by Using E–views 9.5, are 

presented in Table 5.2 below. 

Table 5.2: Results of the LM-ARCH test 

F-statistic 299.7375 Prob. F(1, 40) 0.0000 

Obs *R-squared 37.05501 Prob. Chi-Squared(1) 0.0000 

The results in Table 5.2 show that the probabilities of the F-statistic and obs*R-squared are 

significant, thus confirming the rejection of the null hypothesis of no ARCH effect presence in 

the exchange rate data series, at 5% significance level. This is an indication of the presence 
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of ARCH effects in the exchange rate data, and this means there is still excess volatility 

transmission in the data series. Table 5.3 below illustrates the results of the serial correlation 

(LM) test. The results of the correlation test reveal that both the F-statistic and Obs*R-squared 

are highly significant, at 5% level. Hence, there is strong evidence for accepting the null 

hypothesis of no serial correction in the estimated residual of the model, as shown in Table 

5.3 below.  

Table 5.3: Results of the serial correlation LM test 

F-statistic 101.6230 Prob. F(2, 40) 0.0000 

Obs *R-squared 32.92897 Prob. Chi-Squared(2) 0.0000 

 

Having conducted the necessary statistical tests on the results of the estimated EGARCH 

model, the residuals derived from the estimated EGARCH model are thus used as a measure 

of exchange rate volatility for South Africa. 

From the literature review (Nelson, 1991; Klaassen, 2004; Takaendesa et al., 2005), an 

EGARCH (1 1) with a variance equation can be specified as: 
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where 

2

tLER = represents exchange rate conditional variance at time t. 

εt-1 = represents the residuals derived from Equation (30).  

C, β, α and Л = represent coefficient of GARCH estimates from the model. 

εt-1= represents the ARCH effect from the previous year. 

2

1tLER  = the EGARCH term representing previous year’s forecast variance.  

EGARCH (p q) model has 2p+q+2 estimated parameters. 

Table 5.4 below illustrates the estimation of the EGARCH (1, 1) model. The results of the 

EGARCH (1 1) model presented in Table 5.2 above indicate that the variance mean equation 
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is well specified, as the EGARCH (1 1) has the summation of the coefficient of ARCH, and 

GARCH term p and q is less than one in absolute terms. This result indicates that the 

conditional variance is an exponential function of the variable under analysis, that the 

asymmetric effect is indicated by the negative value of C(2) -2.1344 C, and that the presence 

of a leverage effect is shown by its negative value (-0.001). 

The absence of autocorrelation in random components of et is indicated by the value of the 

Durbin-Watson statistics, which is low at 1.54 (an insignificant value), and similarly, the results 

of the information criteria (SIC and AIC) are smaller, which is good for estimating volatility 

transmission. 

Table 5.4: Results of EGARCH (1,1) 

Note:** represents 5 % level of significance. 

We further test for the adequacy and robustness of the estimates in our EGARCH (1,1) model 

in Table 5.4, and the results of the residual LM-ARCH test are presented in Table 5.5 below. 

The residuals from EGARCH (1,1) do not exhibit any additional arch effects, as shown in Table 

5.5. The insignificance of the results of the F- statistic and the LM- statistic in Table 5.6 below 

suggest there are no further ARCH effects remaining in the model; hence, the predicted values 

(residuals) of the real exchange rate derived from Equation (30) represent the real exchange 

rate volatility measure. This implies that the calculated measure captures all the risks 

associated with the unexpected movement in the exchange rate in South Africa.  

 

Table 5.5: Results of residual LM-ARCH Test 

F-statistic 0.332498 Prob. F(6, 29) 0.9142 

Obs *R-squared 2.317134 Prob. Chi-Squared(6) 0.8883 

Variable Coefficient Std Error z-Statistic Prob. 

C -0.049019 0.020479 -2.393576 0.0167 

Variance Equation 

C(2) -2.134387 1.780042 -1.199065 0.2305 

C(3) -0.001285 0.511633 -0.002511 0.9980 

C(C4) 0.482414** 0.290975 1.657924 0.0973 

C(C5) 0.507885 0.399452 1.271454 0.2036 

R-squared -0.000660 Mean dependent variance -0.045846 

Adjusted R2 -0.000660 S.D dependent variance 0.125009 

S.E of regression 0.125050 Akaike info criterion. -1.277246 

Sum squared resid. 0.641135 Schwarz criterion. -1.070380 

Log likelihood 31.82216 Hannan-Quinn criterion -1.201421 

Durbin-Watson stat. 1.544662   
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5.3 TIME SERIES  

Time series analysis refers to the methods used to analyse time series data in order to extract 

meaningful statistics and other characteristics from the data. A times series can be defined as 

a sequence of data points that are recorded at specific times (Gujarati, 2003). The analysis of 

time series is based on the assumption that successive values in the data points represent 

consecutive measurements that are taken at equally spaced time intervals. According to 

Diggle (1990), applications of time series cover all areas of statistics, and most importantly, 

economic and financial data. 

The methods of time series analysis pre-date those of general stochastic processes and 

Markov chains (Diggle, 1990), and the objectives of time series analysis are to identify the 

nature of the phenomenon represented by the sequence of observations which fit low-

dimensional models, like a vector error correction model, and are used for forecasting 

purposes (predicting future values of the time series variable). In this research, time series 

data is used to model the supply response of South African farmers in the period from 1970 

to 2012. The statistical tests and analysis results are presented in the following section. 

Prior to conducting unit root tests on the time series data used for this study, an examination 

of the graphical representation of producer prices, areas planted, intermediate input prices, 

yields, volumes of production, farming requisition prices, gross values of capital formation, and 

exchange rates shows that all the variables under consideration are non-stationary, and the 

data series reveal an upwards sloping trend. However, because it is simply difficult, by merely 

looking at the scatter plots of the data series, to reach a conclusion as to whether they have a 

unit root with drift or are stationary about a non-stochastic trend, it was necessary to use ADF 

and PP hypothesis tests to further confirm and reinforce the conclusion reached about the 

non-stationary nature of the data series. The nature of the data series having a common linear 

trend are shown in Annexure A1 (Figures 1-20). 

5.4 THE UNIT ROOT TEST 

Unit root tests ensure that the data is stationary in order to avoid the problem of spurious 

regression in the estimated coefficients. When a data point is non-stationary, it exhibits a trend. 

The standard OLS regression on non-stationary data can lead to false conclusions and wrong 

inferences being drawn. Hence, there is a need to remove (or de-trend) the trending feature 

in the data series. Generally, most macro-economic time series data are non-stationary 
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(Brooks, 2008). The relevance of a unit root test for this study is to avoid the aforementioned 

problem. 

The Augmented Dicky-Fuller (ADF) statistical test was used to determine the presence, or 

absence, of a unit root in the data series (Phillips, 1987). Furthermore, the Phillips-Perron (PP) 

statistical test was performed to provide additional robustness of the unit root test because of 

its less-restrictive assumptions regarding the distribution of the error terms and its 

accommodation of the possibility of heteroscedastic errors in the data series (Phillips & Perron, 

1988). 

Phillips and Perron (1988) developed an alternative procedure for testing the presence of a 

unit root in a general time series. The Phillips-Perron (PP) unit root tests differ from the ADF 

tests, mainly in how they deal with serial correlation and heteroscedasticity in the errors. In 

particular, while the ADF tests use a parametric auto-regression to approximate the ARMA 

structure of the errors in the test regression, the PP tests ignore any serial correlation in the 

test regression by using a non-parametric approach with respect to nuisance parameters. 

The PP test accommodates models fitted with a drift and a time trend, so that they may be 

used to discriminate between unit root of non-stationary and stationary series about a 

deterministic trend. Investigations were carried out on the data series. For a series to be 

stationary, the autocorrelation function should converge quickly to zero. Hence, the 

autocorrelation function and the visual inspection of the graphical representation of each 

series support the conclusion reached by using the ADF and PP unit root statistical tests, that 

there is a no unit root in the data series after first difference. 

Several options were critically examined, based on the different assumptions of the linear 

combination of data series, and the results produce different positive coefficients and 

significant levels, which are reported in Tables 1-4 in Annexure A4. 

Table 1 in Annexure A4 reflects the ADF test results for all the groups of variables used in the 

six VECM models at levels. Three different assumptions of the linear combination, with no 

intercept and trend, with intercept only, and with intercept and trend alternatives, were 

explored. In all cases, the null hypothesis that each series in the tables has a unit root cannot 

be rejected, at 5% significance level, in favour of the alternative hypothesis that the series has 

no unit root. In the wheat model, the yield variable is stationary at levels and was removed 

from the model, since it is I (0), for the reason not to violate any of the conditions of classical 
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regression analysis and one of the assumptions of Johansen co-integration test (all variables 

must be of the same order), otherwise the implication may lead to spurious regression. All the 

other variables in the data series are non-stationary in level form, although their first difference 

is stationary and statistically confirmed.  

Table 2 in Annexure A4 presents the results of the PP test at levels. The results reveal that, 

in all the models, the t-statistic calculated is greater than the critical value t-statistic is, at 5% 

significance level, for all the different linear combinations. Hence, the decision was made to 

accept the alternative hypothesis, that there is no unit root in the data series. 

For most of the variables in level form reflected in Tables 1 and 2 in Annexure A4, the unit root 

statistical tests indicate the acceptance of the null hypothesis, that the data series has a unit 

root. Therefore all the variables in the data series are non–stationary. These results of the unit 

root tests give empirical evidence of the presence of unit root in South African time series 

data, and that the use of first difference series eliminates the unit root (Brooks, 2008). 

Furthermore, Tables 3 and 4 in Annexure A4 present the results of the ADF and PP unit root 

tests for all the variables used in the VECM models, in first difference. At the 5% significance 

level, the inference is to reject the null hypothesis of the presence of unit root in the data series, 

in favour of the alternative hypothesis that there is no unit root for all the variables in the data 

series. The ADF and PP unit root statistical tests reinforce each other, and it can be concluded 

that all the data series are I (1), first difference stationary and that they satisfy the necessary 

condition for a co-integrated relationship. This confirmed that the data series used for this 

study are stationary, with a mean reverting property. 

5.5 JOHANSEN CO-INTEGRATION TEST RESULTS 

Economic theory is mostly interested in equilibrium conditions, and has little to say about the 

nature of economic configurations in disequilibrium. However, most macro-economic variables 

have equilibrium relationships with each other, and the data series does not confirm that these 

hold at all times (Utkulu, 1994). To overcome this difficulty, the appeal of co-integration is to 

provide a formal framework to test long-run relationships from the time series data, and this 

technique gives the opportunity to test the validity of economic theory. Furthermore, the use 

of co-integration in this study is to ensure that the model is well specified, given that co-

integration technique allows for non-stationary time series data to be used, thereby avoiding 

spurious regression results. 
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The procedure used to conduct the co-integration test, as adopted by Johansen (1988; 1991), 

is to divide the data series into two parts (i.e. levels and first difference form). Canonical 

correlations analysis (a method for exploring the relationship between two multivariate sets of 

variables or vectors) is then used to find the linear combinations of the data at levels that are 

highly correlated with the differences. These highly correlated linear combinations tend to be 

stationary or co-integrated. Furthermore, for series that are I (1), the differenced data also tend 

to be stationary.  

In the co-integration tests, the null hypothesis is that the series are not co-integrated, against 

the alternative that they are co-integrated, and the test results are used to determine the order 

of co-integration. They are referred to in the econometric literature (Akter & Seung-Jee, 2011; 

Van Wyk, 2011; Thiele, 2003) as λ–trace or the trace statistic test and the λ–max test or the 

Maximal Eigen Value test. Both the trace and Maximal Eigen Value tests are applied by using 

a sequential process, and this approach uses a Likelihood Ratio (LR) test to determine the 

presence or absence of co-integrated relationships. 

The procedure begins with testing for whether there is no co-integration (r=0). The rejection 

of the null hypothesis leads to testing higher orders of co-integration. The second test statistic 

(λ–max test) was also used to determine most of the r or r+1 co-integrating relationships. Prior 

to performing the Johansen test for co-integration, the optimal lag order to include must be 

determined. Hence, the Schwarz information criterion was drawn from a maximum of 5 lags, 

following Hendry and Ericsson (1991), based on the routine performed in E-views 9.5 (E-

views, 2015), to select the optimal lag length. 

The Johansen co-integration method was chosen for this study for two important reasons: it 

resolves a limitation of the ADF unit root statistical test and the simultaneity biases caused by 

the use of more than one endogenous variable, at the same time. Full details of the test results 

are presented in Annexure A5. 

The results of the Johansen co-integration (Trace and Maximum-Eigen value) tests presented 

in Table 5.1 in Annexure A5 indicate at least one co-integration relationship among the 

variables used in the VECM models, at 5% significant level, and the lag length for the 

Johansen specification is based on the justification of the economy cycle, starting from five-

year lag lengths, and observing the result as the lag length is reduced to 2 years without 

appreciably altering the results. The results are discussed for each model as follows: 
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 Maize model 

The results of the unrestricted co-integration rank trace test indicate four co-integrating 

equations, and the maximum eigenvalues test also indicates one co-integrating 

relationship, at 5% significance level. This implies that there is at least one long-run 

relationship among the variables in this model, and one co-integrating equation is 

established. 

 Wheat model 

The results of the trace test indicate four co-integrating equations, while the maximum 

eigenvalue test indicates four co-integrating relationships among the variables, at 5% 

significance level. This implies that there are four long-run relationships among the 

variables, such that four co-integrating equations will be estimated. 

 Sorghum model 

The results of the rank trace test indicates three co-integrating equations among the 

variables, at 5% significance level, and the maximum eigenvalue test shows three co-

integrating relationships among the variables, at 5% significance level. This result 

implies that there are three long-run relationships among the variables, and three co-

integration equations are estimated. 

 Sugar cane model 

The results of the rank trace test reveal that there are three co-integrating relationships 

among the variables, at 5% significance level, and the maximum eigenvalue indicates 

one co-integrating relationship, at 5% significance level. This implies that there is one 

long-run relationship among the variables, and one co-integrating equation is 

established. 

 Barley model 

The trace test results indicate three instances of co-integration among the variables, 

while the maximum eigenvalue indicates at least one co-integration, at 5% significance 

level. This indicates that there is at least one long-run relationship among the variables, 

and one co-integration is estimated. 
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 Aggregate supply model 

In this model, there are three instances of co-integration, according to the trace test, 

while the maximum eigenvalue also indicates three co-integrating relationships, at 5% 

significance level. These results show that there are at least three long-run co-

integrating relationships among the variables, and three co-integrating equations are 

estimated. 

Based on the results of all the six model specifications, the co-integration tests show that there 

is at least one or more co-integrating relationships among the variables in all the VECM 

models used to estimate the supply response of field crop farmers in South Africa. The 

presence of one or more co-integrating relationships linking the South African macro-

economic variables (i.e., producer prices, intermediate input prices, value of agricultural 

production, and gross capital formation) suggests the presence of two linear combinations of 

non-stationary series, yielding a stationary relationship between the variables (Enders, 2003). 

Table 5.6 below presents the results of both the Maximum Eigenvalues and Trace statistics 

tests. 

Table 5.6: Co-integration test results 

Relationships Co-integration test Test  
statistic 
 

95% 
critical 
values 

Prob. 

Maize model 

LAPMAIZE, LRMPP 
LRSOP, LNRER, LNCOP 
Ym, Dummy 1979 (DT79) 
Dummy 1993 (DT73) 
Dummy 2005 (DT2005) 
 

Max Eigen value test r=0* 90.0231 58.4335 0.0000 

Trace r = 0* 277.3025 197.3709 0.0000 

Max Eigen value test r = 1 48.9822 52.3626 0.1067 

Trace r = 1* 187.2794 159.5297 0.0006 

Max. Eigen value test r = 2 40.6550 46.2314 0.1752 

Trace r = 2* 138.2972 125.6154 0.0067 

Wheat model 

LAPWHEAT, LNRER 
LRCOP, LRMPP, LRWPP 
Dummy1981 (DT81) 
Dummy1990 (DT90) 
Dummy1998 (DT98) 

Max Eigen value test r=0* 80.2342 58.4335 0.0001 

Trace r = 0* 298.3852 197.3709 0.0000 

Max Eigen value test r = 1* 60.0055 52.3626 0.0069 

Trace r = 1* 218.1510 169.5297 0.0000 

Max. Eigen value test r = 2* 56.1915 46.2314 0.0032 

Trace r = 2* 158.1455 125.6154 0.0001 

Sorghum model 

LAPSORGHUM, LRSOP, 
LRMPP, LNRER, LRCOP, 
Dummy1990 (DT90), 
Dummy1993 (DT93) 

Max Eigen value test r=0* 71.7453 52.3626 0.0002 

Trace r = 0* 250.0182 159.5297 0.0000 

Max Eigen value test r = 1* 63.0334 46.2314 0.0004 

Trace r = 1* 178.2729 125.6154 0.0000 

Max. Eigen value test r = 2* 47.7077 40.0776 0.0057 

Trace r = 2* 115.2395 95.7537 0.0012 
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Notes: * Rejection of hypothesis no co-integration at 0.05 levels. ** Probability values: Mackinnon, Haug 
& Michelis (1999). 

5.6 RESULTS OF THE VECTOR ERROR CORRECTION MODELS 

The results and analyses of the estimated supply response models for areas planted to maize, 

wheat, barley, sorghum, and sugarcane, as well as for aggregate supply, are presented and 

discussed prior to the estimation of the six vector error correction models (VECMs), and all 

the data series were tested for unit root and co-integration. The results confirm that the data 

series are stationary and ergodic in first difference (Section 5.4). The rainfall and wheat yield 

data series were stationary at level form, i.e. I (0), and cannot be modelled with the other 

variables in this study. The reason for this is not to violate one of the assumptions of the 

Johansen co-integration test (all variables must be of the same order). In addition, average 

rainfall is not expected to have a unit root unless rainfall in South Africa is undergoing a rapid, 

long-run change. 

The estimated models were based on the following criteria: 

i. The co-integrated vectors are based on the Johansen co-integration test results for 

each model, which are shown in Annexure A4. 

Dummy2005 (DT2005) 

Barley model 

LAPBARLEY, LRBPP, Yba, 
LNRER, LRMPP, LRCOP, 
LRCOP, Dummy1980 (DT80)  
Dummy1991 (DT91) 
DummY2000 (DT2000) 

Max Eigen value test r=0* 78.6215 58.4335 0.0002 

Trace r = 0* 270.5601 197.3709 0.0000 

Max Eigen value test r = 1 51.9398 52.3626 0.0552 

Trace r = 1* 191.9387 159.5297 0.0003 

Max. Eigen value test r = 2* 47.3501 46.2314 0.0378 

Trace r = 2* 139.9989 125.6154 0.0049 

Sugar cane model 

LAPSUGAR, LRSPP, Ysc, 
LRCOP, LNRER, LRMPP. 
Dummy2008 (DT2008) 

Max Eigen value test r=0* 107.3424 58.4335 0.0000 

Trace r = 0* 296.8543 197.3709 0.0000 

Max Eigen value test r = 1 51.0305 52.3626 0.0639 

Trace r = 1* 189.5120 159.5297 0.0004 

Max. Eigen value test r = 2 39.9392 46.2314 0.2018 

Trace r = 2* 138.2067 125.6154 0.0068 

Aggregate model 

LNRGCFA, LNVOP, LNFQ, 
LNAPP, LNRER, 
Dummy1979 (DT79) 
Dummy1983 (DT83) 
Dummy2002 (DT2002) 

Max Eigen value test r=0* 49.9996 36.6302 0.0008 

Trace r = 0* 135.1880 83.9371 0.0000 

Max Eigen value test r = 1* 34.8043 30.4396 0.0133 

Trace r = 1* 85.1884 60.0614 0.0001 

Max. Eigen value test r = 2* 26.7733 24.1592 0.0217 

Trace r = 2* 50.3841 40.1749 0.0035 
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ii. VECM (restricted VAR) is tested by using stationary data in first difference, as 

reflected in Annexure A3. 

iii. No exogenous variables were used. All variables are endogenous. 

iv. Diagnostic tests were carried out on all models, and the results are presented in 

Annexure A5. Graphical presentations of the residuals from the VECMs are shown in 

Annexure A6. 

v. We choose the assumption of allowing for a deterministic trend in the data series, as 

there appears to be a trend that is visible from the respective scatter plots (as shown 

in Annexure A1). 

vi. The E–Views 9.5 software programme was used to run the six models. 

vii. Labour cost is not is included in the intermediate input prices computations, because 

of the lack of readily available time series data. However, the intermediate input 

prices still capture costs for fertiliser, fuel, farm feed, packing materials, repairs, and 

maintenance. 

viii. Moreover, the study was constrained by the lack of historical time series data on the 

contributions of small-scale black farmers to commercial farming and on capital 

expenditures on research and development on field crops. However, the sugar cane 

and barley models significantly capture the outputs of small-scale black farmers. 

 

Based on the above criteria and tests, the models are tested for consistency with economic 

logic and goodness of fit. Similarly, the R2 and adjusted - R2 of each of the system VECMs 

have strong explanatory power, and the F-statistics, log likelihood, mean dependent and SD 

dependent ratio reinforce the strong influence of the explanatory variables in each model, as 

shown in Table 5.7 below.  

The diagnostic tests failed to reveal any evidence of serial correlation, residual abnormality 

and causality in the data series that might contaminate the new models. Each of the error 

correction terms in the model is negative, and most of them are statistically significant. The 

rate of adjustment to long-run equilibrium is different, but occurs within an acceptable level for 
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each of the models. Most of the results show that the short-run elasticities are smaller than 

the long-run elasticities are. 

However, although a high R-squared is necessary for precise prediction, it is not a sufficient 

condition, as an unbiased model has residuals that are randomly scattered around zero, while 

non-random residual patterns indicate a bad model fit, despite a high R-squared. Hence, it is 

also necessary to check the Adjusted R-squared and predicted R-squared, as well as the 

residual plots as they provide additional information by which the goodness of fit of the model 

can be assessed. 

Table 5.7: Estimated VECM model summary statistics 

Statistics Maize Wheat Sorghum Sugar 
cane 

Barley Aggregate 

R2 82% 80% 86% 75% 43% 75% 

Adjusted R2 66% 53% 74% 53% -11% 61% 

F-statistic 4.941 3.025 6.953 3.295 0.799 5.379 

Log likelihood 56.01 32.91 33.78 110.52 33.20 51.36 

SD Dependent 0.237 0.237 0.290 0.031 0.142 0.136 

ECt term -0.36 -0.83 -0.22 -0.67 -0.31 -0.78 

The importance of the error correction terms demonstrates the amount of information relevant 

to near-term forecasting that is embodied in the VECM model strategy presumption that the 

short-run data generating process includes pressures to adjust towards long-run equilibrium. 

In this study, six VECMs were estimated, and the results of each of the models are analysed 

and discussed in the following sections: 

5.6.1 Empirical results of the maize model 

The estimation of the maize VECM, with one co-integrating equation, is presented in Table 

5.8 below, where the log of maize area planted, producer prices of maize, price of substitute 

crop (sorghum), exchange rate volatility, intermediate input price and yield factor correspond 

to D(LAPMAIZE(-1)), D(LRMPP(-1)), D(LRSOP(-1)), D(LER(-1)), D(LRCOP(-1)) and D(YM(-

1)), respectively. The structural break variable, D(DT79(-1)), captures periods of drought, while 

D(DT93(-1)) and D(DT2005(-1)) capture periods of agricultural policy regime. 

Most of the estimated coefficients have the expected signs and suggest reasonable supply 

response to producer price, intermediate input prices (a proxy representing cost of 

productions), yield, exchange rate volatility and structural break dummy variables (DT79, 

DT93 and DT2005, respectively). 
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The price of substitute crop sorghum (0.40), intermediate input price (-1.13), and yield factor 

(0.32) are significant at the 1% level. The significance of these coefficients indicates that past 

information (lagged variables of sorghum price D(LRSOP(-1)) and intermediate input prices 

(D(LRCOP(-1)) and yield factor (D(YM(-)) can explain the present supply response. This 

means that these are the most sensitive factors to be considered in making a decision by 

maize farmers. 

In addition, the price of the substitute crop (sorghum) and yield factor have a positive (0.40 

and 0.32, respectively) relationship with area planted in the short run, while intermediate input 

prices (-1.13) and exchange rate volatility (-0.14) have an inverse relationship to maize area 

planted. This implies that, as the area planted to maize increases, the cost of inputs used 

decreases, while exchange rate volatility has a depressing and negative impact on maize 

production or trade. 

The estimated price elasticities of maize D(LRMPP(-1)) are 0.15 and 0.67 in the short and 

long runs, respectively. The high price elasticity values show a significantly maize supply 

response to producer price signals and market forces of demand and supply, in the long run. 

In the short run, the supply response is low, since the area planted cannot be altered. 

However, in the long run, as all factors of production are variable, this will shift the supply 

curve to the right as maize prices move towards import parity price. Absolute prices crucially 

depend on, and in fact are determined by, absolute value; hence, absolute prices are 

measured in terms of rand or other currency, and relative prices are measured in terms of 

units. 

Table 5.8: Results of maize vector error correction model 

Variable Coefficient Standard 
errors 

t-values P-values 

Short run effects 
C -0.035052 0.02137 -1.64007 0.1027 

Ect-1 -0.358824 0.18178 -1.97398** 0.0499 

D(LAPm(-1)) -0.018152 0.23442 -0.07743 0.9384 

D(LAPm(-2)) -0.126811 0.13773 -0.92075 0.3584 

D(LRMPP(-1)) 0.148739 0.16391 -0.90741 0.3654 

D(LRMPP(-2)) -0.220055 0.13676 -1.60903 0.1094 

D(LRSOP(-1))  0.402711 0.12517 3.21735* 0.0015 

D(LRSOP(-2)) 0.003147 0.10770 0.02922 0.9767 

D(Ym(-1)) 0.316278 0.10125 3.12367* 0.0021 

D(Ym(-2)) 0.048565 0.08010 0.60630 0.5451 

D(LRCOP(-1)) -1.130740 0.36117 -3.13076* 0.0020 

D(LRCOP(-2)) 1.243593 0.43402 2.86527* 0.0047 

D(LER(-1)) -0.140837 0.15530 -9.90686 0.3657 
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Variable Coefficient Standard 
errors 

t-values P-values 

D(LER(-2) -0.126615 0.15125 -0.83713 0.4036 

D(DT79(-1)) 1979 dummy 0.056198 0.09186 0.61180 0.5414 

D(DT79(-2)) -0.056493 0.09667 -0.58440 0.5597 

D(DT93(-1))1993 dummy -0.119463 0.11450 -1.04339 0.2982 

D(DT93(-2)) 0.060057 0.11016 0.54517 0.5863 

D(DT2005(-1))2005 dummy -0.199463 0.13940 -1.43088 0.1542 

D(DT2005(-2)) 0.142480 0.14535 0.8023 0.3283 

Long run effects  

C  -6.562741 - - - 

LRMPP(-1) 0.673828 0.06172 -10.9180 - 

LRSOP(-1) 0.344245 0.04021 8.56158 - 

Ym(-1) 0.749649 0.04566 16.4176 - 

LRCOP(-1) -0.016157 0.07041 -0.20605 - 

LER(-1) 0.126972 0.04822 2.63297 - 

DT79(-1) 0.041196 0.02829 1.45640 - 

DT93(-1) -0.230474 0.02113 -10.9066 - 

DT2005(-1) -0.024494 0.02317 -1.05700 - 

VECM R2: 0.824369    Mean dependent: -0.005887 
VECM Adjusted- R2: 0.657520  S.D dependent: 0.144159 
F - statistic: 4.940802   Log likelihood: 56.00986  
*significance @1% level 
**significance @5% level 
Results of Diagnostic Test are presented in ANNEXURE A5. 

The coefficient of exchange rate volatility D(DLER(-1)) elasticities are -0.14 and 0.13 in the 

short and long run, respectively, but are not significant, at 5% level, as they are not different 

from zero. This implies that exchange rate volatility has a negative impact on area planted in 

the short run, and that the impact of exchange rate volatility has an important bearing in the 

determination of import parity pricing and the futures market. The coefficients of intermediate 

input prices are -1.13 and -0.02, as shown in Table 5.8, this implies that, as area planted to 

maize increases, the input cost of production decreases in the short- and long run respectively. 

The structural break variables of DT79, DT93 and DT2005 have both positive and negative 

values, but they are not statistically significant at the 5% level. However, the negative DT79 

implies that the area planted to maize was affected by the drought in the 1979/80 production 

season. The dummy variables D(DT93(-1) and D(DT2005(-1)) that capture the agricultural 

policy reforms of 1993 and 2005 have negative impacts on maize production. This implies that 

the agricultural pricing policy reforms during these periods constrained the ability of farmers 

to produce greater amounts. 

The error correction term has a negative value (-0.36) and is statistically significant at the 5% 

level. This means that the adjustment speed to the long-run equilibrium is slow, about 36%. It 

indicates that farmers do indeed take their time before making production decisions, as they 
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have to consider several factors, such as weather, import-parity price, and demand and supply 

relations, as well as the fluctuations in exchange rates.  

The results of the model further show a high coefficient of determination (R2= 0.82), which 

indicates that 82% of the variation in the dependent variable is explained by the independent 

variables in the short run and in the long run. 

5.6.2 Empirical results of the sorghum model 

The estimation of the sorghum VECM, with three co-integrating equations, and the perfect 

model that fitted the data series are presented and the results shown in Table 5.9 below, 

reflecting the log of sorghum area planted, producer price of sorghum, producer price of 

substitute crop (maize), exchange rate volatility, intermediate input prices, yield factor, and 

structural break variables that capture agricultural policy regime (DT93 and DT2005) that 

correspond to D(DLAPSORGHUM(-1)), D(DLRSOP(-1)), D(DLRMPP(-1)), D(LNRER(-1)), 

D(DLRCOP(-1)), D(Yso(-1)), D(DT93(-1)) and D(DT2005(-1)). 

The price of sorghum, exchange rate volatility, yield factor, and intermediate input prices are 

the major determinants of area planted in the sorghum model, and are statistically significant 

at the 5% level. The coefficient of exchange rate volatility (-1.30) and the dummy variable that 

captures agricultural policy regime DT2005 (-0.70) show a negative relationship to area 

planted. This implies that exchange rate volatility and the dummy variable DT2005 have a 

negative impact on sorghum production. 

On the other hand, intermediate input prices (0.50), yield factor (2.29) and dummy variable 

capturing agricultural policy DT93 (1.40) have a positive relationship to areas planted. This 

result implies that intermediate input prices constrain production, as the area planted 

increases as the cost of production, such as for fertiliser, fuel and packing materials, also 

increase, while the dummy variables capturing agricultural policy regime and yield stimulated 

supply response.  

Furthermore, the producer price of the substitute crop (maize) shows an inverse relationship 

to area planted, but is not statistically significant at the 5% level. This result means that farmers 

may switch from the production of sorghum, if the price of maize goes up more than the price 

sorghum. Conversely, if the price of sorghum increases more than the price of maize, the land 

use pattern may change in favour of sorghum, relative to maize production, depending on the 
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relative profitability of each of these crops. However, since maize is the dominant crop and 

other grains track its price, it means that an increase in the price of maize, relative to the price 

of sorghum, may cause a decrease in the area planted to sorghum. 

The structural break variable (DT2005), which captures agricultural policy reform, shows a 

positive effect on area planted, while structural break variable (DT93) is negative (-0.72) and 

statistically significant at the 1% level. These results indicate that certain agricultural policy 

reforms implemented prior to 2005 might have constrained the supply response of farmers. 

Such policies probably include the introduction of new labour laws and the abolition of the 

single marketing channel in 1993, which created a disruptive and uncertain production and 

marketing environment for sorghum farmers (NAMC, 2007).  

The estimated price elasticity for sorghum, D(DLRSOP(-1), is 0.45 and significant at the 10% 

level in the short run, and this result further indicates that farmers’ production decisions are 

influenced by the producer price of sorghum. 

From the estimated model results shown in Table 5.9 below, it will be seen that the significant 

VECM coefficients indicate that past information (lagged variables of producer price of 

sorghum D(DLRSOP(-1)), exchange rate volatility D(LNRER(-1)), intermediate input prices 

(LRCOP(-1)), yield factor D(Yso(-1)), and structural break D(DT93(-1)) representing policy 

regime, can explain the current supply response. These are the important factors that this 

study has identified as affecting the sorghum supply response. The implication of these results 

is that maintaining a positive and forward looking pricing policy can play an important role in 

expanding the area under cultivation for sorghum, thereby boosting its production to meet the 

domestic demand and exports. 

In addition, farmers’ experiences about obtaining good yields for a particular crop play a crucial 

role in determining their decisions about that crop’s profitability, and hence provide incentives 

for them to increase cultivation of that crop.  

The coefficient of the error correction term, which measures the speed of adjustment towards 

the long-run equilibrium, is negative (-0.22) and statistically significant at the 5% level. This 

means that the adjustment speed to the long-run equilibrium is about 22%. This indicates that 

farmers’ adjustment from the deviation in the long-run equilibrium level in the current period is 

corrected by 22% in the next production season, when the price change seem to be 

permanent.  
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Finally, all the explanatory variables jointly explained 87% of the variation in the sorghum area 

planted model, and the significance of the error correction term confirms that a long-run 

relationship exists between sorghum area planted and its determinants, while about 13% is 

attributed to omitted variables, such as access to technology and credit facilities. 
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Table 5.9: Results of sorghum vector error correction model 

Variable Coefficient Standard 
errors 

t-values P-values 

Short-run effects 

C -0.027534 0.04276 -0.64392 0.5206 

Ect-1 -0.221413 0.10908 -2.02983** 0.0440 

D(LAPSorghum(-1)) 0.316302 0.19266 1.64173 0.1026 

D(LAPSorghum(-2)) -0.122334 0.17180 -0.71206 0.4775 

D(LRSOP(-1)) 0.445139 0.25692 1.73256** 0.0851 

D(LRSOP(-2)) -0.018759 0.28720 -0.06531 0.9480 

D(LRMPP(-1))  -0.473792 0.36610 -1.29417 0.1975 

D(LRMPP(-2)) -0.391267 0.23723 -1.64934 0.1010 

D(Yso(-1)) 0.323435 0.25740 1.25655 0.2107 

D(Yso(-2)) 0.265518 0.12950 2.05033** 0.0420 

D(LRCOP(-1)) -0.905573 0.90467 -1.00100 0.3183 

D(LRCOP(-2)) 1.425566 0.62588 2.27768** 0.0241 

D(LNRER(-1)) 0.601247 0.25635 2.34537** 0.0202 

D(LNRER(-2) -0.161111 0.37992 -0.42407 0.6721 

D(DT93(-1)) -0.715927 0.26403 -2.71151* 0.0074 

D(DT93(-2)) 0.092463 0.25659 0.36035 0.7191 

D(DT2005(-1)) 0.306057 0.21694 1.41076 0.1603 

D(DT2005(-2)) 0.034899 0.29317 0.11904 0.9054 

Long-run effects  

C  -8.498142   - 

LRSOP(-1) - - - - 

LRMPP(-1) - - - - 

LRCOP(-1) 0.537918 0.38129 1.41077 - 

LNRER(-1) -1.300694 0.19529 -6.66043 - 

DT93 (-1) 1.402918 0.26723 -5.24984 - 

DT2005(-1) -0.699532 0.19780 -3.53651 - 

Yso(-1) 2.290269 0.48589 4.71359 - 

C  -8.498142   - 

VECM R2: 0.868511   Mean dependent: -0.030571 
VECM Adjusted- R2: 0.743596  S.D dependent: 0.290445 
F - statistic: 6.952840   Log likelihood: 33.77913     
*significance @ 1% level 
**significance @ 5% level 
*** significant @ 10% level 
Results of the Diagnostic Test are presented in ANNEXURE A5 
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5.6.3 Empirical results of the sugar cane model 

The estimation results of the sugar cane VECM, with one co-integration equation, are shown 

in Table 5.10 below, where the log of sugarcane area planted, producer prices of sugarcane 

and maize, exchange rate volatility, intermediate input price, and yield factor correspond to 

D(LAPsugar(-1)), D(LRSOP(-1)), D(LRMPP(-1)), D(LER(-1)), D(LRCOP(-1)) and D(Ysc(-1)), 

repectively. Structural break variable D(DT78(-1)) captures periods of drought, while D(DT87(-

1)) and D(DT2008(-1)) capture periods of agricultural policy regime. 

Most of the coefficient estimates show a modest supply response. The producer price of 

sugarcane D(LRSOP(-1)), exchange rate volatility D(LER(-1)), and yield factor D(Ysc(-1)) 

show a positive relationship to area planted, as shown in Table 5.10, but they are not 

significant at the 5% level. This result implies that these variables are not the major 

determinants of sugar cane supply response in South Africa, but rather that other non-price 

factors are, Although the exchange rate volatility has a positive (0.05) relationship with sugar 

cane area planted, its effect is crucial to the sugar cane recoverable pricing model used for 

sugar cane pricing, and the competitiveness of sugar cane production in South Africa relative 

to the international market.  

However, intermediate inputs prices D(LRCOP(-1)) and the structural break variable D(DT78(-

1)), representing periods of drought, have negative effects (-0.18 and -0.05, respectively) and 

are statistically significant, at the 5% level. The producer price D(LRMPP(-1)) of the 

complementary crop (maize) and the agricultural policy captured by dummy variable 

D(DT2008(-1)) are significant, at the 1% level, with 0.10 and 0.06 coefficients, respectively, 

as shown in Table 5.10 below. This implies that these two significant variables jointly influence 

the decision regarding sugar cane area planted. Other complimentary crops planted in 

KwaZulu-Natal include pineapple and banana, but because of the lack of historical time series 

data, they cannot be included. 

The estimated price elasticities of sugarcane D(LRSPP(-1)) are 0.02 and 0.02 in the short run 

and in the long run, respectively. These results indicate a low and inelastic supply response, 

as it seems that supply is unresponsive to the price factor. This can be explained by the ratoon 

nature of sugar cane production. According to Eweg (2005), the supply responses of sugar 

cane farmers are hindered by the long-term nature of the crop and productivity issues.  
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The significance of the dummy variable D(DT2008(-1)) that captures the agricultural policy 

reforms of the early 1990s, such as the scaling down of tariffs on the agricultural products, 

together with the strengthening of the exchange rate in 1993, shows that agricultural policy 

reform that targets the sugar industry can stimulate the production of sugar cane in South 

Africa, considering the fact that the majority of sugar-cane farmers are small-scale producers 

who need to be protected from the price distortions in international sugar market.  

In addition, the significance of D(LRCOP(-1)) and structural break variable D(DT78(-1)), with 

coefficients of -0.18 and 0.06, respectively, at 1% significant level, further indicates that past 

information, lagged variables of intermediate input prices D(LRCOP(-1)), exchange rate 

volatility (-0.58), price of the complementary crop (0.28), yield factor (-0.10), dummy variable 

D(DT2008(-1) 0.27 that captures the effect of policy regime, and dummy variable D(DT1978) 

that captures the effect of weather conditions (-0.13) can explain the current supply response 

in the long run. The negative coefficient of the sugar cane price (-0.02) in the long run implies 

that sugar cane market price signals are neither informatively efficient nor perfectly integrated 

to sugarcane production. 

Policy reform should target how to reduce intermediate input prices through setting up a new 

fertiliser manufacturing plant and subsidising costs of key inputs, like fertiliser, fuel, equipment 

and machines, and how to boost non-price factors, such as the rehabilitation of old irrigation 

facilities in the sugar-cane producing areas. This gives empirical support for government 

intervention and support in agriculture, and a larger role for government in this regard is 

supported by empirical findings of Schiff (1987). 

The error correction term is negative (-0.67) and significant at the 1% level. The estimated 

coefficient indicates that about 67% of the disequilibrium is corrected within one year.  

In conclusion, all the explanatory variables jointly explain 76% of the variation in the sugar 

cane area planted, while the remaining 24% can be attributed to the influence of omitted 

variables, such as rainfall, irrigation, soil quality, management issues, and demographic 

changes. 
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Table 5.10: Results of sugar cane vector error correction model 

Variable Coefficient Standard errors t-values P-values 

Short-run effects 
C 0.006370 0.00558 1.14128 0.2553 

Ect-1 -0.673989 0.12736 -5.29188* 0.0000 

D(LAPSugar(-1)) 0.426771 0.17497 2.43910* 0.0157 

D(LAPSugar(-2)) 0.373157 0.23587 1.58205 0.1154 

D(LRSPP(-1)) 0.015175 0.04907 0.30927 0.7575 

D(LRSPP(-2)) 0.066273 0.04657 1.42307 0.1564 

D(LRMPP(-1))  0.097797 0.03147 3.10811* 0.0022 

D(LRMPP(-2)) 0.056251 0.02337 2.40655* 0.0171 

D(LER(-1)) 0.049309 0.03626 1.35999 0.1755 

D(LER(-2)) 0.026319 0.03621 0.72687 0.4682 

D(LRCOP(-1)) -0.184348 0.08183 -2.25271** 0.0255 

D(LRCOP(-2)) -0.214701 0.08721 -2.46182* 0.0148 

D(Ysc(-1)) -0.014605 0.03992 -0.36588 0.7149 

D(Ysc(-2) 0.010597 0.03612 0.29337 0.7696 

D(DT78(-1)) -0.052837 0.03032 -1.74255** 0.0831 

D(DT78(-2)) -0.033613 0.02599 -1.29314 0.1976 

D(DT87(-1)) 0.064547 0.02883 2.23871** 0.0264 

D(DT87(-2)) 0.034321 0.02856 1.20175 0.2310 

D(DT2008(-1)) 0.166819 0.04312 3.86872* 0.0002 

D(DT2008(-2)) 0.107127 0.03875 2.76454 0.0006 

Long-run effects 
C  -4.592859 - - - 

LAPSugar(-1) 1.000    

LRSPP(-1) 0.020703 0.00819 -2.52833  

LRMPP(-1) 0.276613 0.00605 45.7524  

LRCOP(-1) -0.269106 0.00616 -43.7133  

Ysc(-1) -0.099318 0.00844 -11.7677  

LER(-1) -0.057883 0.00581 -9.96820  

DT78(-1) -0.128528 0.00415 -30.9671  

DT87(-1) 0.128147 0.00452 28.3713  

DT2008(-1) 0.271991 0.00443 61.4260  

VECM R2: 0.757873    Mean dependent: 0.000314 
VECM Adjusted- R2: 0.527852  S.D dependent:  0.03129 
F - statistic: 3.294802      Log likelihood: 110.5153     
*significance @1% level 
**significance @5% level 
Results of Diagnostic Tests are presented in ANNEXURE A5. 

5.6.4 Empirical results of the wheat model 

The estimation of the wheat VECM, with four co-integrating equations and the one perfect 

equation that fitted the data series, are presented and discussed in this section. The results 

are shown in Table 5.11 below, where the log of the area planted to wheat, wheat producer 

price, producer price of substitute crops (maize and barley), the intermediate input prices, 

exchange rate volatility, and structural break variables correspond to D(DLAPW(-1)), 
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D(LRWPP(-1)), D(LRMPP(-)), D(LRBPP(-1)), D(LRCOP(-1)), D(LNRER(-1)), D(DT81(-1)), 

D(DT92(-1)) and D(DT98(-1)), respectively.  

Wheat producer priced D(LRWPP(-1)), producer price D(LRMPP(-1)) of complimentary crop 

(maize), exchange rate volatility D(LNRER(-1)) and the structural break variable D(DT92(-1)) 

that captures agricultural policy regime have a positive effect, jointly, on wheat area planted, 

while the producer prices D(LRBPP(-1)) of substitute crop (barley) have a negative effect (-

0.56) in the short run, and are statistically significant, at 1%. This implies that wheat and barley 

compete for land and that the negative relationship between wheat and barley suggests 

decision interdependence by farmers, as wheat is a competitive crop with barley and the 

cross-elasticity effect (-0.56), provides evidence of the change in wheat area planted in 

response to a given change in expected price of barley.  

On the other hand, the price of complementary crop (maize) D(LRMPP(-1)) and structural 

break variable D(DT98(-1)) have a positive relationship with wheat area planted, but are 

statistically insignificant at the 5% level. This indicates that the wheat producer price probably 

has either a neutral cross effect or tracks the maize producer price as the dominant crop in 

South Africa. 

In the long run, changes in wheat area planted respond positively to the cost of intermediate 

input prices (0.55), exchange rate volatility (0.05) and DT92 (0.57), and negatively to the 

structural break variable DT81 (-0.08), which captures the effect of climatic factors on wheat 

production. The structural break (DT92) captures policy regime, and probably reflects the 

effects of several economic policy changes initiated in that late 1980s. 

The price elasticity of wheat (LR(WPP-1)) is 0.45 in the short run, but is not significant at the 

5% level. This means that supply response is elastic and positive. Farmers are responsive to 

the producer price variable in the short run through intensive cultivation. In addition, maize 

price (LRMPP(-1)), barley producer price D(LRBPP(-1)), intermediate input prices D(LRCOP(-

1)), exchange rate volatility D(LNRER(-1)), climatic factors (drought) as represented by 

D(DT81(-1)), and agricultural policy regime as represented by dummy variable D(DT92(-1)) 

are the dominant factors that influence the current wheat supply response in South Africa. 

This result suggests that farmers are rational and forward looking in response to changes in 

expected prices due to price sustainability, over time. 
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The constant term has negative coefficients (-0.03 and -12.98) in the short run and in the long 

run, respectively, which implies that even if wheat is not planted, a certain amount will be 

imported to satisfy domestic demand. 

The coefficient of the error correction term, which measures the speed of adjustment towards 

the long-run equilibrium, is negative (-0.83) and statistically significant at 5% level and is less 

than one. This means that the adjustment speed to the long-run equilibrium is 83%. This 

shows that farmers adjust from the deviation in the long-run equilibrium level in the current 

period is corrected by 16.7% in the next production season. 

Furthermore, all the explanatory variables jointly explained 80% of the variations in the wheat 

supply response model, while the remaining 20% can be attributed to the influence of other 

omitted variables, such as rainfall and technology. 
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Table 5.11: Results of wheat vector error correction model 

Variable Coefficient Standard errors t-values P-values 

Short-run effects 
C -0.028225 0.06696 -0.42154 0.6740 

Ect-1 -0.832703 0.41118 -2.02516** 0.0446 

D(LAPw(-1)) 0.329546 0.54221 0.60778 0.5442 

D(LAPw(-2)) 0.426835 0.36739 1.16179 0.2471 

D(LRWPP(-1)) 0.446836 0.60247 0.74168 0.4594 

D(LRWPP(-2)) 0.400864 0.41771 0.95966 0.3387 

D(LRMPP(-1))  0.093099 0.36693 0.25372 0.8000 

D(LRMPP(-2)) -0.235104 0.26283 -0.89450 0.3725 

D(LRBPP(-1)) -0.560572 0.33388 -1.67896* 0.0952 

D(LRBPP(-2)) 0.109493 0.23738 0.46125 0.6453 

D(LRCOP(-1)) 1.301591 1.24244 1.04760 0.2965 

D(LRCOP(-2)) -0.024458 0.87238 -0.02804 0.9777 

D(LNRER(-1)) 0.180868 0.36872 0.49053 0.6245 

D(LNRER(-2) 0.265559 0.53295 0.49828 0.6190 

D(DT81(-1)) 0.279608 0.32665 0.85599 0.3933 

D(DT81(-2)) 0.464182 0.32051 1.44827 0.1496 

D(DT92(-1)) 0.290677 0.47347 0.61393 0.5402 

D(DT92(-2)) 0.118086 0.31065 0.38013 0.7044 

D(DT98(-1)) -0.180501 0.41641 -0.43347 0.6653 

D(DT98(-2)) 0.654893 0.31705 2.06558** 0.0406 

Long-run effects  
C  -12.97583 - -  

LAPW(-1) - - -  

LRWPP(-1) - - -  

LRMPP(-1) 1 - -  

LRCOP(-1) 0.552004 0.41654 1.32521  

LNRER(-1) 0.049586 0.24914 -0.19903  

DT81(-1) -0.082455 0.16378 -0.50345  

DT92(-1) 0.573768 0.15836 3.62326  

DT98(-1) -0.214315 0.17615 -0.21664  

VECM R2: 0.796516   Mean dependent: -0.005031 
VECM Adjusted- R2: 0.533183  S.D dependent: 0.238623 
F - statistic:   3.024750   Log likelihood:32.90697      
*significance @1% level 
**significance @5% level 
Results of Diagnostic Test are presented in ANNEXURE A5. 

5.6.5 Empirical results of the barley model 

The estimation of the VECM, with one co-integrating equation, is shown in Table 5.12 below, 

where the log of barley area planted, producer price of barley, exchange rate volatility, 

intermediate input prices, yield factor, producer price of substitute crop (maize), and structural 

break variables (DT80, DT91 and DT2000) correspond to D(LAPBARLEY(-1)), D(LRBPP(-1)), 

D(LER(-1)), D(LRCOP(-1), D(YBAR(-1)), D(LRMPP(-1)), D(DT80(-1), D(DT91(-1)) and 

D(DT2000(-1)), respectively. 
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Barley producer prices (LRBPP(-1)), exchange rate volatility D(LER(-1)), price of the substitute 

D( LRMPP(-1)) crop (maize), and structural break variables that capture periods of drought 

D(DT91(-1)) and policy regime D(DT80(-1) and D(DT2000(-1)) have a positive relationship to 

area planted, but are not significant at the 5% level. This indicate that these variables have no 

influence on the farmers’ production decisions in the short run, while intermediate input prices 

D(LRCOP(-1)) have a negative coefficient (-1.25) and are statistically significant at the 5% 

level. This implies that intermediate input prices, as a proxy representing cost of production, 

play a major role when making decisions on area planted. 

Apart from this, the structural break variable D(DT91(-1)) captures periods of drought in South 

Africa, with a coefficient of (-0.05).)). This result indicates a negative relationship, thereby 

hindering supply response. The agricultural policy regime, captured by structural break 

variables D(DT80(-1)) and D(DT2000(-1), and yield factor D(Ybar(-1)) have a positive effect 

on area planted, as shown in Table 5.12 below, thereby boosting supply response. 

Furthermore, the main determinants of current supply response are producer prices 

D(LRBPP(-1)) (0.57), producer price D(LRMPP(-1)) of complementary the crop (maize, 1.01), 

intermediate input prices D(LRCOP(-1)) at -0.31, exchange rate volatility D(LER(-1) at -0.40, 

and structural break variables that capture agricultural policy D(DT91)(-1)) and D(DT2000(-1)) 

at 0.02 and 0.59, respectively. 

The estimated price elasticities for barley D(LRBPP(-1) are 0.04 and 0.57 in the short run and 

in the long run, respectively. These results indicate that supply response is inelastic in the 

short run, while in the long run when all factors of production are variable, the supply response 

is high and elastic, considering the thousands of hectares planted. The significance of the 

relative price level lends empirical support for some form of price policy. 

The coefficient of the error correction term, which measures the speed of adjustment towards 

the long-run equilibrium, is negative (-0.31), statistically significant at the 5% level, and less 

than one. This implies that the adjustment speed to the long-run equilibrium is about 31% and 

indicates that the farmers’ adjustment from the deviation in the long-run equilibrium level in 

the current period is corrected by 69% in the next production season. 

All the explanatory variables jointly explain 43% of the variation in barley area planted, while 

the remaining 57% can be attributed to the influence of omitted variables, such as rainfall, 

technology, credit constraints, and market access. This implies there are other important non-

pricing factors that affect the cultivation of barley, apart from the producer price, the price of 
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the complementary crop (maize) and the cost of intermediate inputs. The stationarity of the 

rainfall data series at level exclude this from being used in the data series, since it is not 

expected for average rainfall to have a unit root, unless rainfall in South Africa is undergoing 

a rapid, long-run change. 
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Table 5.12: Results of barley vector error correction model 

Variable Coefficient Standard 
errors 

t-values P-values 

Short-run effects 

C 0.014803 0.04588 0.32264 0.7473 

Ect-1 -0.308690 0.20848 -1.48070 0.1404 

D(LAPBarley(-1)) 0.319712 0.33352 0.95860 0.3390 

D(LAPBarley(-2)) 0.526585 0.31640 1.66431* 0.0978 

D(LRBPP(-1)) 0.042839 0.31237 0.13714 0.8911 

D(LRBPP(-2)) 0.071070 0.20999 0.33845 0.7354 

D(LRMPP(-1))  0.136416 0.19063 0.71561 0.4752 

D(LRMPP(-2)) 0.127433 0.21760 0.58564 0.5589 

D(LRCOP(-1)) -1.249727 0.57025 -2.19155** 0.0297 

D(LRCOP(-2)) -0.119592 0.61544 -0.19432 0.8461 

D(LER(-1)) 0.218716 0.22765 0.96075 0.3380 

D(LER(-2) -0.185038 0.25217 -0.73378 0.4640 

D(Ybar(-1)) -0.027253 0.11884 -0.22933 0.8189 

D(Ybar(-2)) 0.083312 0.13687 0.60869 0.5435 

D(DT80(-1)) 0.365009 0.33791 1.08021 0.2815 

D(DT80(-2)) 0.240004 0.30064 0.79831 0.4257 

D(DT91(-1)) -0.051646 0.23730 -0.21764 0.8280 

D(DT91(-2)) -0.116476 0.23751 -0.49041 0.6244 

D(DT2000(-1)) 0.263373 0.28262 0.93189 0.3526 

D(DT2000(-2)) 0.222967 0.23948 0.93104 0.3531 

Long-run effects  

C  -13.01035   - 

LAPBARLEY(1) 1   - 

LRBPP(-1) 0.566637 0.05331 10.6292 - 

LRMPP(-1) 1.0123196 0.06656 16.8742 - 

LRCOP(-1) -0.313797 0.11050 -2.83967 - 

LER(-1) -0.402719 0.05799 -6.94471 - 

Ybar(-1) -0.620959 0.03501 -17.7388 - 

DT80(-1) 0.692588 0.05192 13.3395 - 

DT91(-1) 0.024786 0.03912 0.63362 - 

DT2000(-1) 0.587325 0.04253 13.8100  

VECM R2: 0.431457   Mean dependent: 0.012771 
VECM Adjusted- R2: -0.108658   S.D dependent: 0.141726  
F - statistic: 0.798824    Log likelihood: 33.19665     
*significance @1% level 
**significance @5% level 
Results of Diagnostic Test are presented in ANNEXURE A5. 

 

5.6.6 Empirical results of the aggregate supply model 

The aggregate production attribute describes the relationship between the gross domestic 

product (real GDP) in agriculture and the factors of production used. It also involves the 
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transferring of resources from other sectors of the economy to the agricultural sector. As 

outlined earlier in Subsection 4.6.5 of this study, the motivation is to test whether the aggregate 

supply response has changed, over time, in South Africa. The variables used in the aggregate 

supply model are the value of agricultural (field crops) production, gross value of capital 

formation in agriculture, price indices for all farming requisites (proxy used for inputs), 

exchange rate volatility, and indices of producer prices (field crops). 

The matrix of the estimated VECM, with three co-integrating equations, reflects the 

relationship among the log of value of production, producer price index, price index of all 

farming requisites, gross value of capital formation in agriculture, exchange rate volatility and 

structural break variable (DT2002) capturing drought correspond to D(LNVOP(-1)), 

D(LNAPP(-1)), D(LNFQ(-1)), D(LNRGCFA(-1)), D(LER(-1), D(DT2002(-1)), respectively. The 

model that fitted the data perfectly is presented in this section. It was assumed that there was 

no deterministic trend in the data series. The results of the model are shown in Table 5.13 

below. 

The gross capital formation, price index of farming requisites and the structural break variable 

(DT2002) are the major determinants of aggregate value of agricultural production model in 

the short run, but the coefficients these variables have the expected signs and are not 

statistically significant at 5% level. The coefficients of these variables are D(FQ(-1)) -0.26, and 

D(LNRGCFA(-)) 0.06, while the structural break variable D(DT2002(-1)) is -0.02. 

The results from this model indicate that the value of agricultural production responds 

significantly only to the lagged producer price index and the exchange rate volatility variables. 

Thus, producer price index (0.78) and exchange rate volatility (0.41) have a positive 

relationship with value of agricultural production, and the responses of these variables are 

significant at the 5% and 10% levels, respectively. This implies that the current value of 

agricultural production in South Africa is elastic to producer price incentives and exchange 

rate volatility measure.  

The computed aggregate price elasticities D(LNAPP(-1) are 0.78 and 1.0 in the short run and 

in the long run, respectively. This result indicates that supply response is high, positive and 

elastic, even though the parameter corresponding to the price index of farming requisition 

D(LNFQ(-1)) is negative and has the expected sign, with a coefficient of (-0.26). This implies 

that the effect of farming requisite prices, as a proxy for inputs in field crop production, is quite 
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moderate when compared with the single equation crop level supply response models that are 

estimated for the individual crops. 

Regarding the estimated result of the exchange rate volatility D(LER(-1)), it is consistently 

positive and significant at the 5% level in the short run, while it does not have any effect on 

aggregate supply in the long run. The structural break variable DT2002 that captures drought 

has a negative effect on the value of agricultural production. This implies that drought has a 

negative and significant impact on the value of agricultural production in the field crop sector. 

The error correction term is negative (-0.78), thus having the appropriate sign, but is not 

significant. This implies that the model does not converge back to the equilibrium level in the 

long run within one year, and it may be that there is no long-run causality running from 

independent variables to dependent variables. Alternatively, this might raise a question about 

the shock absorption/adjustment capacity and the flexibility of South African economy. 

Finally, it can be stated in conclusion that all the explanatory variables jointly explain 75% of 

the variation in the aggregate supply model, while the remaining 25% can be attributed to 

other omitted variables (such as monetary and fiscal policy and technology) that are not 

captured by the data series. 
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Table 5.13: Results of aggregate vector error correction model 

Variable Coefficient Standard 
errors 

t-values P-values 

Short-run effects 

Ect-1 -0.782447 0.51441 -1.52106 0.1303 

D(LNVOP(-1)) -0.586306 0.19973 -2.93551* 0.0039 

D(LNVOP(-2)) -0.260465 0.12984 -2.00610** 0.0466 

D(LNAPP(-1)) 0.777416 0.12984 -2.00610** 0.0001 

D(LNAPP(-2)) -0.052909 0.19705 -0.26851 0.7887 

D(LER(-1))  0.406928 0.14658 2.77621** 0.0062 

D(LER(-2)) 0.167044 0.14485 1.15319 0.2507 

D(LNRGCFA(-1)) 0.063875 0.08799 0.72596 0.4690 

D(LNRGCFA(-2)) 0.115686 0.08802 1.31425 0.1908 

D(LNFQ(-1)) -0.263538 0.38173 -0.69038 0.4910 

D(LNFQ(-2)) -0.45828 0.32873 -1.39910 0.1638 

D(DT2002(-1)) -0.024132 0.11935 -0.20219 0.8400 

D(DT2002(-2)) 0.075736 0.12771 0.59305 0.5540 

Long-run effects  

LNVOP(-1) - - - - 

LNAPP(-1) 1 - - - 

LNRGCFA(-1) -0.164566 0.00712 -23.1065 - 

LNLER(-1) - - - - 

LNFQ(-1) -0.812145 0.01363 -59.5655 - 

DT2002(-1) -0.022152 0.04601 -0.48142 - 

VECM R2: 0.750762   Mean dependent: 0.096384 
VECM Adjusted- R2: 0.611189   S.D dependent: 0.135947 
F - statistic: 5.378993    Log likelihood: 51.35547     
*significance @1% level 
**significance @5% level 
Results of Diagnostic Tests are presented in ANNEXURE A5. 

The empirical results from this study reveal that supply response is high, positive and elastic 

to price signals and non-price factors in the production of field crops in South Africa. This 

contrasts with previous findings of low and inelastic supply response in South African 

agriculture. These findings imply that farmers are rational and forward looking in their 

behaviour with respect to price signals and non-price factors. 

The estimated price elasticity values seem readily acceptable, and the long-run values are 

generally higher than the short-run values are, where possible. The long-run values range 

from 0.02 to 1.00. In addition, the estimated elasticities for the individual crops are lower than 

in the aggregate supply model, which further conforms to the conventional evidence in the 

literature reviewed. 
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The results of this study have also identified certain key factors that influence supply response 

in South Africa, which are producer prices, intermediate input prices (proxy used for costs of 

production), climatic factors, yields, exchange rate volatility, and agricultural policy. For the 

aggregate supply response, these are producer prices, gross capital formation, price index of 

farming requisites and agricultural policy. 

This study find that the historical time series data for South African agriculture exhibit different 

patterns, which implies non-stationary as it has a unit root. Hence, the series contain structural 

changes/breaks, which may be attributable to changes in policy or sudden shocks to the 

economy, and the data series are integrated of order one. This finding indicates that any study 

without adequate treatment of the time series data would produce spurious regression and 

invalid results.  

Furthermore, this study found evidence that farmers respond by the intensive application of 

other inputs, as the flexibility to shift the area planted could be restricted in modern-day 

farming. Farmers are increasingly being placed under pressure to raise production per unit by 

resorting to cost-saving measures, such as specialisation and precision farming, value adding, 

and diversification, in order to address problems of declining competitiveness and profit 

margins, as climatic factors and certain capital investments (e.g. harvesters) may limit the 

substitution between crops. 

The parameter estimates of the high-frequency exchange rate volatility measure for exchange 

rate shows a complex mix of positive effects in the maize (0.13), wheat (0.18), sugar cane 

(0.05), sorghum (0.60) and aggregate (0.41) supply models, and negative effects in the cases 

of barley (-0.40), maize (0.14), and sorghum (1.30) This indicates that an expected local 

currency depreciation (or appreciation) would stimulate an expansion (or contraction) in supply 

response. This is consistent with both extant literature (Choe, Sheldon & McCoriston, 2002; 

Pick,1990) that argues that the agricultural sector is most susceptible to exchange rate 

uncertainty, and with Franke (1991) who argued that agricultural prices and trade flows always 

react with greater magnitude and speed to exchange rate fluctuations than they do to 

manufactured products. 

The comparison of the supply response elasticity estimates between the different models 

revealed that the maize, wheat, sorghum and barley supply responses to price changes are 

higher than that for sugar cane, and that the long-run elasticities are higher than the short-run 
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elasticities are, in most cases. Furthermore, the aggregate supply model shows a higher 

responsiveness than those for the individual crops. 

Furthermore, the results of the various models’ adjustment to long-run equilibrium indicate that 

the wheat model, at (-0.83), performs better than the other models do, while in terms of a 

better area planted supply response, the sugar cane model, at 0.43, came first, followed by 

the models for wheat (0.33), barley and sorghum (0.32) and maize (-0.02), even though maize 

is the main dominant field crop planted in South Africa. In terms of price incentive 

responsiveness, the aggregate model (1.0), barley (1.0) and maize (0.67) show a better supply 

response, when compared with the other models. 

Furthermore, a comparison across the estimated models shows that intermediate input prices 

and price index for farming requisites have a negative relationship to area planted in the maize, 

wheat, sugar cane, and barley models, and in the aggregate supply model, respectively. A 

significant, negative coefficient implies that there is an inverse relationship between the 

variables, while a significant, positive relationship would be consistent with supply “mean 

reversion”.  

The policy implications of these results indicate that the major role players in the agricultural 

sectors need to address reducing intermediate input prices and increasing capital formation 

in agriculture in order to stimulate supply response. Furthermore, the significance of the 

relative price variables in the supply response function, in the long run, lends empirical support 

for some form of price policy and government intervention and support through indirect 

channels. Moreover, an effective management of the exchange rate by the South African 

Reserve Bank (SARB) would stem exchange rate volatility and contain international markets’ 

price volatility transmission in the domestic market prices.  

Using time series data, this study accepts the hypothesis that price incentives have affected 

agricultural production, both positively and negatively, depending on the price policy regime. 

The policy reforms of the early 1980s and later 1990s, such as the introduction of 

comprehensive agricultural support programmes, the deregulation of agricultural markets from 

1996, the implementation of the AGRIBEE charter, and tariff specifications for field crops, 

seem to have boosted supply response positively. Conversely, it can be stated that the 

introduction of new labour laws, the abolition of single marketing channels in 1993, and the 

land redistribution policy from 2001 seem to have created a disruptive and uncertain 

production and marketing environment for some farmers (Vink & Kirsten, 2003). 
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For the sugar cane model, this study obtained a very low and inelastic price elasticity. This 

indicates that own price plays a less important role in area planted decisions than the 

intermediate input prices (a proxy for cost of production) and other non-price factors, such as 

productivity issues, management, and the ratoon nature of the crop that requires much water 

for it cultivation. This supports the assertion (Gulati & Kelley, 1999) that the price factor may 

not be a significant variable in explaining area supply response for some crops. 

This study confirmed that barley production responds to producer prices, policy variables and 

exchange rate volatility, as reflected in the fluctuation in domestic market price movement 

towards import parity price. 

5.7 COMPARISON OF RESULTS WITH PREVIOUS SUPPLY RESPONSE STUDIES 

IN SOUTH AFRICA 

The findings of this research study are consistent when compared with several previous supply 

response studies in South Africa, as shown in Table 5.14 below. The new insights derived 

from this study include the relative importance of agricultural pricing policy as a stimulus to 

induce supply response, and the reinforcement of the findings of the negative impacts of 

production costs and drought on supply response. Furthermore, the impact of exchange rate 

volatility provides mixed results for different crops, while at the same time, the influence of 

non-price factors seems to be quite distinct, as in the case of the sugar cane model. 

However, it can be argued that the variability and conflicting empirical results of supply 

response may be attributable to several factors, which include: 

i. The use of different proxy variables in modelling supply response. 

ii. Methodological differences.  

iii. The time period of the analysis. 

However, it is more plausible to assume that supply responses will differ across different 

agricultural sectors, over time, because of the nature of agricultural production, with its 

biological constraints (such as crop rotation patterns and livestock gestation periods) and long 

lead times needed to bring new land under cultivation. This implies that the short-run supply 

response to price changes is a constraint, as only labour could be adjusted upwards, while 

other factors of production, such as land and capital equipment, are fixed. Hence, supply 
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response is expected to exhibit a pattern of rising elasticity estimates with growth in 

agriculture, over time.  

Therefore, the comparison of this study’s supply elasticity measures with those from previous 

studies is difficult. Some of the results from previous studies have been mixed and sometimes 

ambiguous. Table 5.14 below presents a summary of the results from this study and from 

other studies conducted over the past decades, in terms of supply elasticities for field crops 

and aggregate supply in South Africa. 

The maize price elasticity estimates of Schimmelpfennig et al. (1996) are relatively larger and 

more unreliable (as short-run elasticity is higher than the long-run values) than the estimates 

from this study are, probably due to the length of run and the model specification differences. 

This study used a different model specification in the form vector error correction model with 

different aggregations of variables. However, this study’s estimates of aggregate supply 

response elasticities compare favourably with similar results obtained by Van Schalkwyk and 

Groenewald (1993) and by Cleasby, Darroch and Ortmann (1993). Nevertheless, all of the 

studies done for South Africa have found a positive supply response, although with different 

degree of magnitude.  
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Table 5.14: Summary of a comparison of the current study with previous supply 
elasticities for field crops in South Africa 

Sources Methods Crop types Short run Long 
run 

Period 

 
 
 
This study: 

 
 
Vector error 
correction 
model(VECM) 

Maize  
 

0.15 

 
 

0.67 

 
 
 
1970 - 2012 Wheat 0.45 - 

Sorghum 0.45 - 

Barley 0.04 1.0 

Sugar cane 0.02 0.02 

Aggregate 0.78 1.0 

Shoko et al. (2016) OLS Maize 0.24 0.36 1980-2012 

Abbott & Ahmed (1999) Co-integration Wool 0.08 - 1948 - 1995 

Schimmelpfennig et al. 
(1996) 

ECM Maize 0.64 0.59 1956  - 1993 

Van Schalkwyk & 
Groenewald (1993) 

Production 
Function 

Aggregate 
supply 

- 0.92 1976, 1981 
and 1988 

Cleasby et al. (1993) 2SLS Maize 0.52 0.75 1960 - 1990 

Van Zyl (1991) OLS Maize 0.03/0.14 -  1970 - 1989 

 

The comparisons of supply elasticities from previous studies, as depicted in Table 5.14 and 

this study, reveal different results due to different assumptions, estimation techniques, 

research questions and sample periods of analysis, among several other factors. Previous 

studies (Shoko et al., 2016; Van Zyl, 1991) under-estimated the maize supply response, as 

their parameter estimates were very low, compared with this study. The Schimmelpfennig et 

al. (1996) parameter estimates are very high, but inconsistent, as the short-run elasticity (0.64) 

is greater than the long-run elasticity (0.59). The results of others studies (Cleasby et al., 1993; 

Van Schalkwyk & Groenewald, 1993) are similar to this study, with high supply response 

elasticities. 

The result of this study show that supply response is generally positively high and elastic to 

relative price changes in the long run. The comparison of the different models further indicates 

that variability in the coefficient estimates and in the magnitude of supply response differs, as 

well as the cross-interactions among the crops. For instance, in all of the crop-specific models, 

the dominant influence of the maize producer price is distinct, and that should be expected, 

as maize is the dominant crop produced in South Africa.   

From this study, it can be concluded that the dominant factors identified to influence supply 

response in South Africa are producer prices, intermediate input prices, climatic factors, 
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exchange rate volatility, yield factor, agricultural policy, and gross capital formation in 

agriculture.  

Furthermore, there is the need for government policy intervention (which will be discussed 

further in Chapter 6) and support to address some of the asymmetric market failures and the                                                                                                                                                                                                                                                                         

influence of non-price factors, such as increasing spending on infrastructure to boost supply. 

Asymmetric market failure can arise, even if a market is functioning at competitive prices, but 

the welfare outcomes for some households are so low that the development community uses 

the mantle of market failure to motivate interventions aimed at improving wellbeing (Dillion & 

Barrett, 2017). 

For several reasons, the market for inputs can be hampered by high transaction costs, weak 

institutional enforcement of contracts, and significant declines in production (Berg, 2013; 

Dillion & Barrett, 2017). These are common features of most countries in Sub-Saharan Africa, 

and these forces could induce market failures by causing mismatches in supply and demand 

relations, or by underpinning the formation of oligopolies by a small number of active suppliers. 

Therefore, there is the need for government intervention and support by providing greater 

quantities of public goods such as timely information, rural roads, agricultural research and 

development, good health services that would make exchange more feasible and efficient. 

5.8 SUMMARY AND CONCLUSIONS 

In this Chapter, an exchange rate volatility measure is estimated by using an EGARCH 

approach to measure production risk in the VECM models. This was followed by testing the 

time series properties of the data series for stationarity through using ADF and PP test 

methods, and the conclusion is that the data series is stationary after first difference. 

Thereafter, co-integration tests to determine the long-run relationship of the data series were 

conducted, and the results indicate at least one long-run co-integration relationship among the 

variables in each model. After confirming the results of the diagnostic tests, six vector error 

corrections were estimated. The model that fitted the data best was reported, and was 

presented where more than one co-integrating equations were estimated. 

Reflecting on earlier research in the literature, this study mostly supports the assertion that 

farmers’ supply response is generally low and inelastic in the short run, and high and elastic 

in the long run, when all factors of production are variable. In addition, the adjustment 

mechanism towards reaching the desired equilibrium level is high for most of the field crops. 
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The findings of this study are significant in terms of model specification and policy response 

implications for effective implementation of innovative price policy to stimulate field crop supply 

response in South Africa, by increasing the participation of more people in farming. The 

inclusion of exchange rate volatility and structural break dummies to capture policy regime 

and effects of weather into our VECM has improved the model specification and logical 

analysis. However, most previous studies in South Africa have ignored these variables, 

leading to miss-specification errors. 
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CHAPTER 6: SUMMARY, CONCLUSIONS AND POLICY 

RECOMMENDATIONS 

 

6.1 INTRODUCTION 

In this Chapter, the main findings of the research are summarised, the main conclusions are 

discussed, and areas for further research are highlighted, based on a review of Chapters 1 to 

5 of this study. Agricultural supply response models denote the modelling approach used to 

capture how producers allocate productive resources, and the concept of supply response 

concentrates on the output-price relationships. Hence, agricultural response is based on the 

causal variables and relationships, under some assumptions. Section 6.2 provides the 

motivation and the summary of the main objectives for this study, while Section 6.3 presents 

the main findings of this research, which are the subjects of Chapters 1 to 5. Sections 6.4 and 

6.5 present the conclusions and policy recommendations of the study, while Section 6.6 

contains the limitations in the body of the research, and suggestions for future research are 

provided in the last section. 

6.2 MOTIVATION AND SUMMARY 

This rationale behind this study is motivated by the dearth of recent agricultural supply 

response studies in South Africa that use the vector error correction model. The policy reforms 

of the 1980s and 1990s    provide a unique opportunity for estimating supply response to 

recent price changes. This is coupled with the challenges posed by the changes in agricultural 

policies, and the macro-economic environment thus renders it imperative to ascertain the 

supply responsiveness of field crop farmers, over time. Supply response and the level of 

resource use in agriculture have important implications for economic growth, poverty 

alleviation, and the environment. 

According to the World Bank (2008), the success of agricultural policies will depend, to a large 

extent, on farmers’ responsiveness to both price and non-price policy-induced factors, while 

any price response will signal the efficient operation of the market systems in a country. The 

debate on agricultural supply response is usually divided between the relative importance of 

price incentives and of non-price factors. Many studies (Behrman 1968; Krueger et al., 1988) 
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have focused greater attention on price incentives, while other recent studies have found non-

price factors to be more effective as supply reactors (Fans, 2008; Mamingi, 1997). 

Furthermore, it has been shown that both price and non-price factors are mutually exclusive 

to each other (Schiff & Montenegro, 1997).  

In addition, the agricultural sector is often regarded as a growth sector, with high multiplier 

effects on the rest of the economy. After the market de-regularisation and liberalisation of the 

early 1990s, it would have become apparent that ascertaining farmers’ responsiveness to 

price adjustment would be desirable and informative for improving the effectiveness of price 

policy reforms, in the changing global and domestic market environments. Estimates of short-

run and long-run supply response elasticities are required for understanding the effects of 

price changes on planting decisions, crop management practices, and production. 

The efficacy of government intervention in the agricultural markets, through price incentives, 

depends on its effects on private incentives and the extent to which long-run adjustment via 

investment and changes in technology can be attributed to those price policies. Hence, current 

and quantitative information about supply response elasticity has been acknowledged to be 

very important for decision makers, individual farmers, and agricultural business firms when 

making informed policy, production and investment decisions. 

The main objective of the study was to determine the responsiveness of South African field-

crop farmers to changes in market prices and other non-price factors. The specific objectives 

of this study were (i) to estimate the degree of crop-specific supply elasticity that reflects the 

ability of agriculture to adjust in response to price and other macro-economic factors; (ii) to 

estimate area planted supply response models and an aggregate supply function by using 

vector error correction model and co-integration for South Africa; (iii) to identify the exogenous 

factors influencing supply response; (iv) to investigate the role of exchange rate volatility on 

agricultural products and compute an exchange rate volatility measure by using the EGARCH 

technique; (v) to compare the findings of previous agricultural supply response studies in 

South Africa with the results of this study; and (vi) to derive innovative policy recommendations 

and future data requirements. 

The scope of this study is restricted to five single equation supply response models, calculated 

on five important field crops, namely maize, wheat, sugarcane, sorghum and barley, and one 

aggregate field crop supply response model. The hypothetical framework is based on the 
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conceptual relationships between supply, own price, price of substitute crops, policy regimes, 

yield, exchange rate, and technology. 

The second Chapter provides a comprehensive literature review of the concepts, methods, 

and theoretical foundations of supply response studies, at both international and local levels. 

In addition, several problems besetting previous supply response studies are highlighted, such 

as miss-specifications, use of different proxy variables, and the fact that the empirical 

estimates of elasticities depend on the specific time period of analysis, methodology adopted, 

technology, economic structure, and macro- economic constraints. 

Furthermore, the empirical evidence also suggests that supply elasticities vary systematically 

with such factors as price, yield risk, input cost, road networks, literacy level, soil quality, policy 

regime and climatic conditions. The comparisons between the different studies and 

agricultural products reveal a low and inelastic supply response in the short run. This was 

attributed to the biological nature of agricultural production. 

Moreover, the literature review on exchange rates shows conflicting results, which are mainly 

due to different methodological specifications and aggregations of variables. However, it was 

argued that exchange rate movements generally have an ambiguous relationship with trade. 

Chapter 3 discusses the importance of agriculture and provided an overview of the field crop 

sectors to discover the main factors that affect production, supply response and the challenges 

facing the industry. The findings from this study reveal that international grain prices, 

international commodity market supply, domestic market demand and supply relations, input 

costs, exchange rate risk, agricultural policy regime, market value chain process, yields, 

productivity and management issues, and climatic conditions are the key factors that influence 

supply relations in South Africa. 

Chapter 4 presents the conceptual and analytical framework and the underlying assumptions, 

and the empirical VECM specification of the time series analysis of supply response 

relationships is developed. The interaction of the system equations, integration and co-

integration was examined and discussed, with specific avoidance of related problems of 

spurious regression. Aggregation issues, key factors and problems of estimation were 

pinpointed, and strategies to eliminate them were devised. The EGARCH specifications and 

analysis used to estimate the exchange rate volatility in the VECM model is also presented in 
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this section. The Chapter concluded with the analysis and description of the sources of data 

used for this study. 

Chapter 5 presents the results of the EGARCH and VECM models. These results are based 

on consistency with economic logic and goodness of fit, while the empirical adequacy of the 

estimated models was evaluated by examining the squared residuals (R2) and adjusted 

squared residuals, F-statistic, Log Likelihood and standard deviation (SD) dependent ratio, 

and the error correction term. 

6.3 STUDY CONTRIBUTION 

This study contributes to the strand of literature (methodology) on field crop analysis by 

deriving new estimates and perspectives on South African agricultural supply response. The 

robustness of the results is determined by using the VECM model specification approach 

together with co-integration, over the period 1970–2012. 

Secondly, this study contributes to our understanding of the empirical evidence on agricultural 

supply response and exchange rate volatility in order to capture the role of international macro-

economic linkages and trade effects on the domestic production of field crops in South Africa. 

No previous study has ever done that. 

Thirdly, this study also provides new perspectives on the estimation of aggregate supply 

response and designing innovative policy measures, such as developing regulations and 

further policy interventions to boost supply response and the efficient functioning of the field 

crop value chain processes, since the success of agricultural policies will depend to a large 

extent on farmers’ responsiveness to both price and non-price policy induced factors. 

6.4 RESEARCH FINDINGS 

The empirical findings of this study have confirmed that farmers’ supply response is high, 

positive and elastic to price signals in the long run in South Africa. The computed price 

elasticities range from 0.02 to 1.0, while for the aggregate supply response, the price 

elasticities are 0.78 and 1.0 in the short run and in the long run, respectively. Similarly, the 

findings of this study confirm the assertion in the literature review that aggregate supply 

response elasticity is higher than those that are calculated from the single equation crop level 

supply functions are (Tripathi, 2008). 
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The estimated positive, own-price and negative cross-price effects among the crops give some 

insights for the policy-makers concerning the quantitative effects of relative farm price changes 

in stimulating supply response. 

In terms of the magnitudes of the elasticity estimates, the short-run response is low and 

inelastic, and this is consistent with economic theory. This result confirmed the assertion that 

the low and inelastic short-run supply response in agriculture is the result of inflexibility of 

some inputs, such as land and capital equipment costs that are fixed, and this has been 

addressed in the literature by Binswanger (1990) and Sadoulet and De Janvry (1995), who 

have argued that getting a good response requires high levels of investment in infrastructure, 

such as roads, education and better technology.  

The findings from this study further established that time series data of South Africa’s 

agriculture exhibit unit root, and the implication suggests that the estimates of similar studies, 

without proper treatment of the time series data, should be interpreted with great caution, 

regardless of the techniques used. Furthermore, most of the published studies have found 

positive coefficients of price elasticity of supply, and comparing the results might cast doubts 

on the value of such comparisons. 

The effect of intermediate input prices was found to be statistically significant and constraining 

the supply response. This result may raise a policy dilemma regarding how to stimulate supply 

response, without causing a corresponding increase in cost of production. 

Furthermore, the exchange rate volatility measure has a negative and significant effect on 

prices and export and import trade. This implies that the price transmission effect of exchange 

rate volatility would constrain supply response, and agricultural commodity prices would trend 

towards import parity levels. Hence, policy makers (such as the SARB) should stabilise the 

exchange rate through appropriate monetary policy management. This is crucial, taking into 

consideration the current context of government policy in the National Development Plan 

(2010) for stimulating higher levels of agricultural production and employment generation, and 

in terms of international macro-economic linkages and trade effects.  

The structural break dummy variables (DTs) that capture policy changes and effects of 

weather have a more positive effect on supply response than previous empirical work has 

indicated. This is evidenced in the findings of the statistically significant (positive and negative) 

effects of policy regime. The effects of the agricultural policy regime after the 1980s and 1990s, 
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such as the deregulation of agricultural markets from 1996, the implementation of the 

AGRIBEE charter, the introduction of comprehensive agricultural support programmes 

(CASP) and tariff specifications for field crops, seem to have boosted supply response 

positively.  

Conversely, the introduction of new labour laws, the abolition of single marketing channels in 

1993, and the land redistribution policy from 2001 seem to have created a disruptive and 

uncertain production and marketing environment for some farmers. These results provide 

empirical support for government intervention and regulations in agricultural market. Schiff 

(1987) has shown that price and public goods are complements (i.e. a better public goods 

base enhances the effect of price on supply). In addition, this study has confirmed that the 

structural break dummy that captures weather effects constrains supply response. 

6.5 CONCLUSIONS  

This study finds that supply response is high, positive and elastic to price signals and non-

price factors in the production of field crops in South Africa, and that the historical time series 

data of South African agriculture exhibit different patterns, which implies non-stationary as it 

has a unit root. The results of the co-integration tests further reinforce the equilibrium 

relationship between area planted and its determinants, which are producer’s prices, price of 

substitute crops, intermediate input prices, yield factor, exchange rate volatility, capital 

formation, climatic conditions, and policy regime. 

In addition, the error correction term in most of the models display an appropriate (negative) 

sign and is statistically significant at the 5% level, and the rate of adjustment to the long-run 

equilibrium is different, but occurs within an acceptable level for each of the models. This 

finding is consistent with the validity of an equilibrium relationship among the variables, as 

supported by the co-integration test. 

The findings of this study are significant in terms of model specification and policy response 

implications for stimulating the production of field crop and an efficient value chain system in 

South Africa. The inclusion of exchange rate volatility, intermediate input prices, and structural 

break dummies to capture the effect of policy regime and weather into our VECM approach 

improved the model specification and logical analysis. Some of the previous studies in South 

Africa have ignored these variables, leading to miss-specification and methodological errors.  
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6.6 POLICY RECOMMENDATIONS 

The production of field crops in South Africa is critical for economic growth and development, 

as well as the achievement of food security. Policy-makers, in partnership with major role 

players in the grain value chain, need to redesign effective and purposeful implementations of 

agricultural policy choices, with the aim of increasing the productivity, investment, profitability, 

and competitiveness of the sector. The impact of changes in the relative prices of different 

crops on the allocation of area planted among these crops could help to determine an 

integrated structure for agricultural price incentives that are necessary to achieve an optimal 

crop mix. However, at the moment, South Africa has several laudable policy choices, but what 

is lacking is the effective implementation and evaluation of agricultural policy. 

Government policy, implemented through the Department of Water and Environmental Affairs 

(DWEA) could formulate and implement effective, well-targeted climate mitigation support 

programmes and services that are specific to each agricultural crop type, according to the 

agri-climatic zones, in view of the significant role played by the climatic variable in the models. 

New regional water treaty and co-operation agreements should be implemented as a matter 

of urgency, in view of the fact that South Africa is surrounded by some neighbouring countries 

with a water surplus. 

Furthermore, an adequate policy intervention is necessary by (DWEA) for building additional 

water-based resources, especially for the rehabilitation of old irrigation facilities in the sugar-

cane producing areas of Kwa-Zulu Natal and Northern Cape, together with the adoption of 

better water management practices and laws. Water is a critical and limiting factor in the 

farming industry. At the same time, farmers could consider the use of weather derivative 

instruments in the futures market to hedge against climatic variability hazards in the medium 

term. 

This study further recommends that research regarding the links between production and yield 

shortfalls and climate change should be intensified by the Agricultural Research Council 

(ARC), universities and agricultural colleges in order to safeguard the food security of the 

country, and that the research outcomes should be appropriately disseminated to farmers. 

This will require the development of new crop cultivars and the effective extension services to 

farmers that would boost their supply responses. 
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Furthermore, there is a need for a broader implementation of a new private–public partnership 

investment mixed model by the Land Bank and commercial banks for the financing of 

infrastructural facilities that is tailored to the benefits of both commercial and small-scale 

emerging farmers. This can be achieved by the DAFF providing loan guarantees, and by the 

Land Bank providing matching counterpart funding for all long-term farm improvements and 

developments. 

Agricultural policy should focus on increasing the level of investment to about 30% of GDP 

and on effective implementation of New Partnership for Africa’s Development/Comprehensive 

Africa Agricultural Development Programme (NEPAD/CAADP), calculated at 6% of the 

national budget. Alternatively, greater investments should be provided for agriculture, at 

national, provincial and local government levels, to improve the rural roads and railways, 

irrigation infrastructure, marketing, access to farming inputs and credit. Moreover, such 

investments would stimulate extra supply response, given the significant effects of policy 

regime and farming input requisites that were found in the estimated VECM models.  

The National Government, acting through the Department of Finance and Economic Planning, 

could partner with the African Development Bank (AFDB), the International Finance 

Corporation (IFC) and the BRICS Development Bank to secure long-term investment loans 

that are specific to the agricultural sector. This is more crucial within the current policy context 

of growing the economy to about 5% or more in the National Development Plan (NDP, 2030). 

Moreover, this is particularly crucial in view of agitations for radical economic transformations 

and land reforms. 

Grain South Africa, in partnership with Land Bank and agricultural colleges, could consider 

the establishment of synergy tandem farm mentorship projects, by buying up farms under the 

land reform programme in all the nine provinces to teach emerging small-scale farmers the 

basics of farming rudiments, including marketing and financial management skills, based on 

the various managerial problems that are faced by small-scale sugar cane farmers and new 

emerging farmers in South Africa. 

In addition, policy-makers, through the Department of Public Enterprises (DPE), should 

seriously consider setting up a fertiliser production complex in South Africa, or the NAMC 

should adequately subsidise the supply of fertiliser at affordable prices, considering the 

significant role played by intermediate input prices and farming requisite prices (of which 

fertiliser is a key component) in the estimated VECM models. The South African Reserve Bank 
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(SARB) should implement a more proactive exchange rate policy to stem the volatility in the 

exchange rate, as its negative impacts affect price transmission in all the ramifications of the 

crop industry value chain, and the economy at large. 

Policy-makers, through Department of National Planning, DRDLA and DAFF, could strengthen 

and effectively coordinate inter-governmental (National, Provincial and Local) collaborations 

in all sectors of the agricultural value chain, especially in extension services, public market 

information, drought disaster management, land reform, and infrastructure. Furthermore, 

these role players should develop a regulatory/legal environment that is conducive for further 

increasing capital formation in agriculture, given the high concentration of a few dominant firms 

in the field crop value chain in South Africa. 

Private investors (such as AGRISA and other agricultural associations) and institutional 

investors (such as commercial banks and other financial and non-financial intermediaries), 

and especially the huge pension and insurance funds, could participate in investment in the 

low-risk, downstream agro-sector in response to increasing the capital formation/investment, 

rising demand for processed food, globalisation and the huge untapped opportunities within 

the South African agriculture. 

There is also a great need to improve the economic data collection models in the agricultural 

sector, especially for disaggregating data series into more complex, input-output analysis 

throughout the agricultural value chain. There are increasing needs for the distinct processing 

of time series/cross-sessional/panel data information on input cost of production, labour cost, 

land use, soil quality, etc., for different agricultural products/crops and other agricultural sector 

statistics. The spin-off effects should create a reliable data-base for research and 

development, and so improve employment generation. 

The relevant agricultural stakeholders (such as DAFF, agri-business associations, and 

Statistics SA) should consider stabilising an agricultural data resource (AgriData bank), which 

is similar to that of the Bureau for Food and Agricultural Policy, to coordinate and warehouse 

all agricultural statistical data for ease of computation and research, in view of the current 

scenario where agricultural statistics are different and unreliable for the same products within 

the agricultural sector. The future will require more extensive and reliable data for meaningful 

research and recommending policy decisions regarding the agricultural sector in South Africa. 
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Failure to address the problem of effective policy implementation could lead to sub-optimal 

performance in the agricultural sector. Moreover, the differences in the crop-specific supply 

elasticities support a differentiated agricultural policy, rather a ‘one-size fits’ all centralised 

agricultural policy. At the same time, policy choices have to be made based on empirical, 

cutting-edge research on how to maintain increasing productivity, investment and 

competitiveness in the field crops industry.  

In conclusion, having a positive supply response is not only limited to crop production in the 

primary agricultural sector alone, but also entails recognising that all segments in the whole of 

the agricultural value chain complex play key roles. New and much broader concepts of social 

responsibility are required in land utilisation, marketing, and environmental protection. Hence, 

the emergence of an information-intensive food system, effective implementation of 

agricultural policy, climate change, limited productive land and water resource scarcity, 

environmental degradation, higher energy prices, expanded land reform programmes, 

exchange rate volatility, consumers’ acceptance of genetically modified grains (GMO), and 

doubts about future adoption rates of new technologies all present huge challenges and risks 

that will likely shape grain production in South Africa in the future. 

The new economic growth theory suggests that a country’s comparative advantage is based 

on ‘knowledge–capital’, as opposed to relying on natural resource endowments alone 

(Cortright, 2001). It is becoming increasingly more relevant for other African countries to 

achieve rapid economic development, and the South Africa experience can provide insights 

to other developing countries that are undergoing economic transformation. 

6.7 LIMITATIONS OF THE STUDY 

There are four major limitations to this study. Firstly, the study is limited by the partial 

equilibrium nature of the model. The demand-side economics aspect is not explicitly included, 

as is done in the multi-market models. However, the objective of this study is not to stimulate 

changes in the explanatory variables to increase supply, but rather the model is used to 

calculate the elasticity changes, over time, and the identification of the key factors influencing 

supply response, and to capture the potential effects on supply that might have occurred as a 

result of current agricultural development policy regime. 
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Secondly, the behavioural model used for this study does not include area planted by small-

scale/subsistence farmers in South Africa due to a lack of sufficient historical time series data 

on this segment. The only exception is the sugar cane production sector. 

Thirdly, the effect of rainfall could not be modelled due to the nature of the data series, which 

is stationary at levels. Average rainfall is not expected to have unit roots, unless rainfall in 

South Africa is undergoing a rapid, long-term climate change. For this reason, it is excluded 

in order not to violate any of the basic assumptions of co-integration and the vector error 

correction model that all data series must be in same order, and that the first difference must 

be stationary for the series to have meaningful relationships. And lastly, due to the constrained 

availability of data, important time series information on labour costs, soil, quality, and fertiliser 

used in the field crop sector is not readily available, and accordingly labour cost is excluded 

in the intermediate input prices analyses. 

6.8 SUGGESTIONS FOR FUTURE RESEARCH 

Future studies should consider the inclusion of capital expenditures on research and 

development for crops as an explanatory variable in the vector error correction model for 

agricultural supply response. This is necessary because of the increasing importance of crop 

improvements/genetics. The lack of extensive time series data in this regard, as well as for 

labour cost variation, in South Africa precluded their inclusion in the current study. 

Furthermore, future research could consider modelling the supply response of field crop 

farmers using pooled cross-section time series data, across different regions of South Africa, 

for periods before and after the introduction of agricultural policy reforms. The lack of sufficient 

funding precluded this study from going in that direction. 

Given the current body of knowledge, it is recommended that future research analyses of 

supply response in South Africa should explore similar analytical frameworks with panel data, 

in conjunction with impulse response analysis, for other agricultural commodities, such as 

livestock and horticultural crops, at provincial and national levels. 

Finally, case study research should be considered for capturing the supply response of 

emerging black small-scale farmers involved in field crop production through using surveys 

and panel data, in view of the lack of relevant historical time series data. All these suggestions 

fall outside the scope of this study, because the vast area of study in supply response analysis 
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and time series econometrics cannot be covered in one piece of research. Therefore, this 

study particularly concentrated on crop-level and aggregate supply response of field crop 

farmers in South Africa, using historical time series data. 
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ANNEXURE A1: SCATTER PLOTS OF DATA SERIES 

Graphical presentation of the trends in the time series data 1970 - 2012.

 

Graph 1: Maize producer prices                                 Graph 2: Maize area planted 

 

 

 

 

 

                                                                                                  

 

 

Graph 3: Intermediate input prices                                 Graph 4: Maize yield 
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Graph 5: Average producer prices                                 Graph 6: Volume of production  

 

 

 

 

 

 

 

 

 

Graph 7: Farming requisition                                    Graph 8: Gross value of capital formation   
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Graph 9: Exchange rate                                              Graph 10: Wheat producer price  

 

 

 

 

 

 

 

 

 

 

Graph 11: Wheat yield                                              Graph 12: Wheat area planted   
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Graph 13: Barley yield                                                   Graph 14: Barley producer price  

 

 

 

 

 

 

 

 

 

Graph 15: Barley area planted                                       Graph 16: Sorghum producer price 
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Graph 17: Sorghum area planted                                                Graph 18: Sorghum yield 

 

 

 

 

 

 

 

 

Graph 19: Sugar cane producer price 
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Graph 20: Sugar cane area planted  

  

 

Graph 21: Sugar cane yield 
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ANNEXURE A2: EGARCH ESTIMATION PROCEDURES 

The GARCH approach essentially generalises the purely autoregressive ARCH model to an 

autoregressive moving average model. The weights on past squared residuals are assumed 

to decline geometrically at a rate to be estimated from the data (Engle, 2004). Engle (2004) 

goes on to state that the EGARCH forecast variance is a weighted average of three different 

variance forecasts: i.e. one is a constant variance that corresponds to the long-run average, 

the second is the forecast that was made in the previous period, and the third is the new 

information that was not available when the previous forecast was made. The weights on these 

three forecasts determine how rapidly the variance changes with new information and how 

rapidly it reverts to its long-run mean. It is for these reasons that the EGARCH approach makes 

better use than other methods of the information on volatility contained in the time series.  

The basic framework that was utilised to quantify the exchange rate volatility in South Africa 

in this study is the EGARCH process following similar works by Moledina et al., (2003). 

The methodology encompasses the following procedures: 

1. Data was deflated with CPI for food grain to remove effect of Inflation before 

conversion to logarithm. 

2. Unit root test was conducted on the series using both ADF and Phillips-Perron. 

3. First difference the series to make data stationary. 

4. Box-Jenkins method used to determine the order of the ARMA process. 

5. ARCH – LM tested was conducted and reject the hypothesis of no arch effect. And 

6. EGARCH (1, 1) was estimated to generate either the conditional variance/conditional 

standard deviation used to represent the exchange rate volatility measure in the 

purpose of forecasting the trend in exchange rate for decision making. 

These steps are represented in the flow chart below: 
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Perform unit root test on data series 

 

 

Fail to reject hypothesis of unit root 

 

We first difference the series 

 

Next we conduct LM ARCH test 

 

Reject the hypothesis of no ARCH                         Then Estimate GARCH/EGARCH 

 

While on the other hand, if we reject the hypothesis of a unit root and data series remains in 

level 

 

Then we use the Box-Jenkins method to determine the order of ARMA process 

 

If fails to reject the hypothesis of no ARCH effect from the LM ARCH test 

 

We estimate an ARIMA model 

Source: Moledina et al., (2003)  
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ANNEXURE A3: UNIT ROOT TEST RESULTS 

Table A1 shows the results of ADF unit root test statistics. (Maximum lag length (sic) = 12 and 

data series in levels). 

Table A1: Results of ADF unit root test statistics in levels 

SERIES None 

95% 

critical 

value 

Intercept 

95% 

critical 

value 

Intercept 

+ Trend 

95% 

critical 

value 

MAIZE MODEL 

LAPMAIZE -1.9499* -1.8668 -2.9411 -0.2002 -3.5208 -4.9109 

LNRER -1.9489* -2.6770 -2.9332* -1.4903 -3.5236* -2.8292 

LRMPP -1.9510* -1.0226 -2.9434* -1.2915 -3.5403* -2.0932 

LRSOP -1.9496* -0.6382 -2.9350* -3.3593 -3.5236* -4.4968 

LRCOP -1.9493 2.0257 -2.9369* -0.5511 -3.5266 -1.3095 

Ym -1.9493* 0.3976 -2.9332* -3.4700 -3.5208* -5.2874 

WHEAT MODEL 

LAPWHEAT -1.9489 -1.1521 -2.9332 -0.7387 -3.5208* -3.6018 

LRCOP -1.9493 2.0257 -2.9369 -0.5511 -3.5266 -1.3095 

LNRER -1.9489* -2.6770 -2.9332 -1.4903 -3.5236 -2.8292 

LRWPP -1.9499* -2.0043 -2.9332 -1.9002 -3.5236* -4.3493 

LRMPP -1.9510 -1.0226 -2.9434 -1.2915 -3.5403 -2.0932 

Yw -1.9489* -4.7834 -2.9332* -6.2677 -3.5208* 6.6108 

BARLEY MODEL 

LAPBARLEY -1.9489 0.5731 -2.9332* -2.7541 -3.5208 -2.3947 

LRBPP -1.9489 0.0274 -2.9332 -1.9005 -3.5208* -5.5454 

LNRER -1.9489* -2.6770 -2.9332 -1.4903 -3.5236 -2.8292 



Annexure 

 

268 

 

SERIES None 

95% 

critical 

value 

Intercept 

95% 

critical 

value 

Intercept 

+ Trend 

95% 

critical 

value 

LRCOP -1.9493 2.0257 -2.9369 -0.5511 -3.5266 -1.3095 

LRWPP -1.9499* -2.0043 -2.9332 -1.9002 -3.5236* -4.3493 

Yba -1.9491 -0.2096 -2.9332 -2.2330 -3.5208* -3.5269 

SUGARCANE MODEL 

LAPSUGARCANE -1.9496 -0.8137 -2.9390 -2.0356 -3.5208 1.7889 

LRCOP -1.9493 2.0257 -2.9369 -0.5511 -3.5266 -1.3095 

LNRER -1.9489* -2.6770 -2.9332 -1.4903 -3.5236 -2.8292 

LRMPP -1.9510 -1.0226 -2.9434 -1.2915 -3.5403 -2.0932 

LRSPP -1.9493 -0.3663 -2,9332 -2.0328 -3.5208 -2.8818 

Ysc -1.9489 -0.9608 -2.9332 -0.6409 -3.5208 -0.6896 

SORGHUM MODEL 

LAPSORGHUM -1.9489 -1.1196 -2.9332 -1.4311 -3.5208* -3.2838 

LNRER -1.9489* -2.6770 -2.9332 -1.4903 -3.5236 -2.8292 

LRSOP -1.9496 -0.6367 -2.9350* -3.3593 -3.5236* -4.4968 

LRCOP -1.9493 2.0257 -2.9369 -0.5511 -3.5266 -1.3095 

LRMPP -1.9510 -1.0226 -2.9434 -1.2915 -3.5403 -2.0932 

Yso -1.9491* -0.8729 -2.9332* -4.7399 -3.5208* -6.8138 

AGGREGATE SUPPLY MODEL 

LNAPP -1.9403 4.1121 -2.9369 -1.8782 -3.5266 -1.8018 

LNRER -1.9489* -2.6770 -2.9332 -1.4903 -3.5236 -2.8292 

LNFQ -1.9503 0.7911 -2.9332 -1.5468 -3.5208 -1.2591 

LNRGCFA -1.9501 -0.8140 -2.9350* -3.1659 -3.5236* -4.1130 

LNVOP -1.9489 2.7886 -2.9332 -1.0735 -3.5236* -3.3893 

* Asterisk indicates statistical significance @ 5%. 



Annexure 

 

269 

 

ADF: Augmented Dickey Fuller. 

Table A2 shows the results of Phillips-Perron unit root test (data series in levels). 

Table A2: Results of Phillips-Perron unit root test statistics in levels 

SERIES None 

95% 

critical 

value 

Intercept 

95% 

critical 

value 

Intercept 

+ Trend 

95% 

critical 

value 

MAIZE MODEL 

LAPMAIZE -1.9489 -1.0431 -2.9332 -1.9706 -3.5208* -4.8815 

LNRER -1.9489* -2.6773 -2.9332 -1.4912 -3.5208 -2.2910 

LRMPP -1.9489 -0.1775 -2.9332 -1.9203 -3.5208 -2.5500 

LRSOP -1.9489 -0.0888 -2.9332* -3.4328 -3.5208* -3.7355 

LRCOP -1.9489 2.5902 -2.9332 -0.9082 -3.5208 -1.6396 

Ym -1.9489 -0.6151 -2.9332* -3.3848 -3.5208* -5.2492 

WHEAT MODEL 

LAPWHEAT -1.9489* -2.8110 -2.9332 -0.1841 -3.5208* -3.4668 

LRCOP -1.9489 2.5902 -2.9332 -0.9082 -3.5208 -1.6396 

LNRER -1.9489* -2.6773 -2.9332 -1.4912 -3.5208 -2.2910 

LRWPP -1.9489 -1.3698 -2.9332 -1.6584 -3.5208* -3.4982 

LRMPP -1.9489 -0.1775 -2.9332 -1.9203 -3.5208 -2.5500 

Yw -1.9489* -4.8822* -2.9332* -6.2653 -3.5208* -65480 

BARLEY MODEL 

LAPBARLEY -1.9489 0.5654 -2.9332* -2.7574 -3.5208 -2.3246 

LRBPP -1.9489 0.0404 -2.9332 -1.9840 -3.5208* -5.4286 

LNRER -1.9489* -2.6773 -2.9332 -1.4912 -3.5208 -2.2910 

LRCOP -1.9489 2.5902 -2.9332 -0.9082 -3.5208 -1.6396 

LRWPP -1.9489 -1.3698 -2.9332 -1.6584 -3.5208* -3.4982 

Yba -1.9489 -0.4085 -2.6049 -1.8961 -3.5209* -3.5141 
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SERIES None 

95% 

critical 

value 

Intercept 

95% 

critical 

value 

Intercept 

+ Trend 

95% 

critical 

value 

SUGAR CANE MODEL 

LAPSUGARCANE -1.9489 -0.1232 -2.9332 -1.4516 -3.5208 -0.8739 

LRCOP -1.9489 2.5902 -2.9332 -0.9082 -3.5208 -1.6396 

LNRER -1.9489* -2.6773 -2.9332 -1.4912 -3.5208 -2.2910 

LRMPP -1.9489 -0.1775 -2.9332 -1.9203 -3.5208 -2.5500 

LRSPP -1.9489 -0.3603 -2.9332 -1.8815 -3.5208 -2.8756 

Ysc -1.9489 -0.9608 -2.9332 -0.6409 -35208 -0.6896 

SORGHUM MODEL 

LAPSORGHUM -1.9489* -3.2527 -2.9332 -1.1411 -3.5208* -3.3417 

LNRER -1.9489* -2.6773 -2.9332 -1.4912 -3.5208 -2.2910 

LRSOP -1.9489 -0.0888 -2.9332* -3.4328 -3.5208* -3.7355 

LRCOP -1.9489 2.5902 -2.9332 -0.9082 -3.5208 -1.6396 

LRMPP -1.9489 -0.1775 -2.9332 -1.9203 -3.5208 -2.5500 

Yso -1.9489 -1.5201 -2.9332* -4.9737* -3.5208* -6.8082 

AGGREGATE SUPPLY MODEL 

LNAPP -1.9489 4.2245 -2.9332 -1.4415 -3.5208 -1.7014 

LNRER -1.9489* -2.6773 -2.9332 -1.4912 -3.5208 -2.2910 

LNFQ -1.9489 4.3623 -2.9332 -1.5743 -3.5208 -1.2938 

LNRGCFA -1.9489 0.0477 -2.9332 -1.9633 -3.5208 -2.4320 

LNVOP -1.9489 5.0661 -2.9332 -1.6983 -3.5208* -3.8307 

* Asterisk indicates statistical significance @ 5%. 

PP: Phillips-Perron. 

 

Table A3 shows the results of ADF unit root test statistics (data series in first difference). 
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Table A3: Results of ADF unit root test statistics at first difference 

SERIES None 

95% 

critical 

value 

Intercept 

95% 

critical 

value 

Intercept 

+ Trend 

95% 

critical 

value 

MAIZE MODEL 

LAPMAIZE -1.9493* -7.5896 -2.9411* -5.8855 -3.5331* -5.9804 

LRMPP -1.9501* -2.6163 -2.9511* -2.6660 -3.5485 -2.6561 

LRSOP -1.9496* -7.7757 -2.9390* 7.7223 -3.5308* -7.7495 

LRCOP -1.9493* -4.1266 -2.9369* -4.7548 -3.5366 -1.9053 

LNRER -1.9491* -4.5516 -2.9370* -5.2613 -3.5266* -5.3110 

Ym -1.9493* -8.6342 -2.9369* -8.6864 -3.5298* -6.1756 

WHEAT MODEL 

LAPWHEAT -1.9491* -7.9056 -2.9350* -8.1251 -3.5236* -8.1112 

LRCOP -1.9493* -4.1266 -2.9369* -4.7548 -3.5366 -1.9053 

LRWPP -1.9493* -6.7695 -2.9411* -5.9038 -3.5331* -5.8814 

LRMPP -1.9501* -2.6163 -2.9511* -2.6660 -3.5485 -2.6561 

LNRER -1.9491* -4.5516 -2.9370* -5.2613 -3.5266* -5.3110 

Yw -1.9491* -10.9177 -2.9350* -10.7932 -3.5236 -10.6547 

BARLEY MODEL 

LAPBARLEY -1.9496* -4.4197 -2.9390* -4.3840 -3.5300* -4.5359 

LRBPP -1.9491* -10.1284 -2.9350* -10.0703 -3.5236* -9.8074 

LRCOP -1.9493* -4.1266 -2.9369* -4.7548 -3.5366 -1.9053 

LRWPP -1.9493* -6.7695 -2.9411* -5.9038 -3.5331* -5.8814 

LNRER -1.9491* -4.5516 -2.9370* -5.2613 -3.5266* -5.3110 

Yw -1.9491* -9.3396 -2.9350* -9.4549 -3.5236* -9.3356 

SUGAR CANE MODEL 

LAPSUGARCANE -1.9496* -0.3973 -2.9390 -0.2270 -3.5298 -1.4993 
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SERIES None 

95% 

critical 

value 

Intercept 

95% 

critical 

value 

Intercept 

+ Trend 

95% 

critical 

value 

LRCOP -1.9493* -4.1266 -2.9369* -4.7548 -3.5366 -1.9053 

LRMPP -1.9501* -2.6163 -2.9511* -2.6660 -3.5485 -2.6561 

LRSPP -1.9491* -6.6653 -2.9369* -6.5925 -3.5266* -6.5160 

LNRER -1.9491* -4.5516 -2.9370* -5.2613 -3.5266* -5.3110 

Ysc -1.9491* -2.2844 -2.9350 -2.2530 -3.5236 -2.4234 

SORGHUM MODEL 

LAPSORGHUM -1.9493* -7.2037 -2.9369* -7.3960 -3.5266* -7.4133 

LRSOP -1.9496* -7.7734 -2.9390* 7.7223 -3.5298* -7.7495 

LRCOP -1.9493* -4.1266 -2.9369* -4.7548 -3.5366 -1.9053 

LRMPP -1.9501* -2.6163 -2.9511* -2.6660 -3.5485 -2.6561 

LNRER -1.9491* -4.5516 -2.9370* -5.2613 -3.5266* -5.3110 

AGGREGATE SUPPLY MODEL 

LNAPP -1.9493* -4.3343 -2.9369* -7.9674 -3.5266* -8.2996 

LNFQ -1.9504 -0.2682 -2.9350* -4.7495 -3.5236* -4.9227 

LNRGCFA -1.9501* -5.5099 -2.9434* -5.5225 -3.5366* -5.5161 

LNVOP -1.9491* -6.7019 -2.9411* -5.0914 -3.5331* -5.4806 

LNRER -1.9491* -4.5516 -2.9370* -5.2613 -3.5266* -5.3110 

* Asterisk indicates statistical significance @ 5%. 

ADF: Augmented Dickey Fuller. 

 

Table A4 shows the results of Phillips-Perron unit root test (data series in first difference). 

Table A4: Results of Phillips-Perron unit root test statistics at first difference. 
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SERIES None 

95% 

critical 

value 

Intercept 

95% 

critical 

value 

Intercept 

+ Trend 

95% 

critical 

value 

MAIZE MODEL 

LAPMAIZE -1.9491* -11.5184 -2.9350* -19.4477 -3.5236* -24.5688 

LRMPP -1.9491* -6.5296 -2.9350* -6.49.32 -3.5236* -6.8661 

LRSOP -1.9491* -9.1335 -2.9350* -8.8863 -3.5236* -9.0912 

LRCOP -1.9491* -4.4372 -2.9350* -4.7211 -3.5236* -4.6527 

LNRER -1.9491* -4.4521 -2.9350* -4.7566 -3.5236* -4.7256 

Ym -1.9491* -14.9453 -2.9350* -23.7564 -3.5236* -31.6366 

WHEAT MODEL 

LAPWHEAT -1.9491* -8.1551 -2.9935* -13.5656 -3.5236* -22.5353 

LRCOP -1.9491* -4.4372 -2.9350* -4.7211 -3.5236* -4.6527 

LRWPP -1.9491* -7.2163 -2.9350* -8.4080 -3.5236* -8.8453 

LRMPP -1.9491* -6.5296 -2.9350* -6.49.32 -3.5236* -6.8661 

LNRER -1.9491* -4.4521 -2.9350* -4.7566 -3.5236* -4.7256 

Yw -1.9491* -29.9286 -2.9350* -37.5203 -3.5236* -36.9067 

BARLEY MODEL 

LAPBARLEY -1.9491* -5.7674 -2.9350* -5.7549 -3.5236* -6.0148 

LRBPP -1.9491* -10.8317 -2.9350* -11.8783 -3.5236* -11.7181 

LRCOP -1.9491* -4.4372 -2.9350* -4.7211 -3.5236* -4.6527 

LRWPP -1.9491* -7.2163 -2.9350* -8.4080 -3.5236* -8.8453 

LNRER -1.9491* -4.4521 -2.9350* -4.7566 -3.5236* -4.7256 

Yba -1.9491* -9.5144 -2.9350* -10.7475 -3.5236* -10.6477 

SUGAR CANE MODEL 

LAPSUGARCANE -1.9491* -3.7288 -2.9350* -3.6839 -3.5236* -4.7049 

LRCOP -1.9491* -4.4372 -2.9350* -4.7211 -3.5236* -4.6527 
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SERIES None 

95% 

critical 

value 

Intercept 

95% 

critical 

value 

Intercept 

+ Trend 

95% 

critical 

value 

LRMPP -1.9491* -6.5296 -2.9350* -6.49.32 -3.5236* -6.8661 

LRSPP -1.9491* -7.9202 -2.9350* -7.7616 -3.5236* -7.6654 

LNRER -1.9491* -4.4521 -2.9350* -4.7566 -3.5236* -4.7256 

Ysc -1.9491* -2.2844 -2.9350 -2.2530 -3.5236 -2.4234 

SORGHUM MODEL 

LAPSORGHUM -1.9491* -7.5653 -2.9350* -14.4101 -3.5236* -17.0096 

LRSOP -1.9491* -9.1316 -2.9350* -8.8863 -3.5236* -9.0912 

LRCOP -1.9491* -4.4372 -2.9350* -4.7211 -3.5236* -4.6527 

LNRER -1.9491* -4.4521 -2.9350* -4.7566 -3.5236* -4.7256 

LRMPP -1.9491* -6.5296 -2.9350* -6.49.32 -3.5236* -6.8661 

Yso -1.9491* -15.2924 -2.9350* -15.2010 -3.5236* -14.9845 

AGGREGATE SUPPLY MODEL 

LNAPP -1.9491* -4.3740 -2.9350* -5.5405 -3.5236* -6.0479 

LNFQ -1.9491 -1.2932 -2.9350* -4.6578 -3.5236* -4.7719 

LNRGCFA -1.9491* -5.9439 -2.9350* -5.7138 -3.5236* -5.4794 

LNRER -1.9491* -4.4521 -2.9350* -4.7566 -3.5236* -4.7256 

LNVOP -1.9491* -6.6955 -2.9350* -15.9434 -3.5236* -22.4381 

* Asterisk indicates statistical significance @ 5%. 

PP: Phillips-Perron. 
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ANNEXURE A4: JOHANSEN CO–INTEGRATION TEST RESULTS 

SUGAR CANE MODEL 

Date: 10/13/14   Time: 18:44   

Sample (adjusted): 1972 2012   

Included observations: 41 after adjustments  

Trend assumption: Linear deterministic trend  

Series: LAPSUGAR LRSPP LER LRCOP LRMPP YSC DT78 DT87 DT2008  

Lags interval (in first differences): 1 to 1  

     

Unrestricted Cointegration Rank Test (Trace)  

     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.927059  296.8543  197.3709  0.0000 

At most 1 *  0.713881  189.5120  159.5297  0.0004 

At most 2 *  0.622478  138.2067  125.6154  0.0068 

At most 3 *  0.518719  98.26751  95.75366  0.0332 

At most 4  0.470310  68.28402  69.81889  0.0659 

At most 5  0.401932  42.23000  47.85613  0.1524 

At most 6  0.314638  21.15392  29.79707  0.3481 

At most 7  0.127519  5.663786  15.49471  0.7348 

At most 8  0.001726  0.070816  3.841466  0.7901 

     
      Trace test indicates 4 cointegration(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.927059  107.3424  58.43354  0.0000 

At most 1  0.713881  51.30525  52.36261  0.0639 

At most 2  0.622478  39.93921  46.23142  0.2018 

At most 3  0.518719  29.98349  40.07757  0.4249 

At most 4  0.470310  26.05402  33.87687  0.3175 

At most 5  0.401932  21.07607  27.58434  0.2716 

At most 6  0.314638  15.49014  21.13162  0.2560 

At most 7  0.127519  5.592970  14.26460  0.6658 

At most 8  0.001726  0.070816  3.841466  0.7901 

     
      Max-eigenvalue test indicates 1 cointegration(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  
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BARLEY MODEL 

Date: 10/13/14   Time: 18:59   

Sample (adjusted): 1972 2012   

Included observations: 41 after adjustments  

Trend assumption: Linear deterministic trend  

Series: LAPBARLEY LRBPP LER LRCOP YBAR LRMPP DT80 DT91 DT2000  

Lags interval (in first differences): 1 to 1  

     

Unrestricted Cointegration Rank Test (Trace)  

     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.853040  270.5601  197.3709  0.0000 

At most 1 *  0.718275  191.9387  159.5297  0.0003 

At most 2 *  0.684905  139.9989  125.6154  0.0049 

At most 3  0.538694  92.64880  95.75366  0.0802 

At most 4  0.415861  60.92732  69.81889  0.2080 

At most 5  0.326109  38.88505  47.85613  0.2649 

At most 6  0.261072  22.70291  29.79707  0.2610 

At most 7  0.203660  10.29819  15.49471  0.2585 

At most 8  0.023174  0.961309  3.841466  0.3269 

     
      Trace test indicates 3 cointegration(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.853040  78.62147  58.43354  0.0002 

At most 1  0.718275  51.93978  52.36261  0.0552 

At most 2 *  0.684905  47.35008  46.23142  0.0378 

At most 3  0.538694  31.72149  40.07757  0.3185 

At most 4  0.415861  22.04226  33.87687  0.6044 

At most 5  0.326109  16.18214  27.58434  0.6503 

At most 6  0.261072  12.40472  21.13162  0.5082 

At most 7  0.203660  9.336882  14.26460  0.2592 

At most 8  0.023174  0.961309  3.841466  0.3269 

     
      Max-eigenvalue test indicates 1 cointegratingeqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  
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AGGREGATE SUPPLY MODEL 

Date: 10/07/14   Time: 17:09   

Sample (adjusted): 1972 2012   

Included observations: 41 after adjustments  

Trend assumption: No deterministic trend  

Series: LNVOP LNFQ LNAPP LER LNRGCFA DT2002   

Lags interval (in first differences): 1 to 1  

     

Unrestricted Cointegration Rank Test (Trace)  

     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.704623  135.1880  83.93712  0.0000 

At most 1 *  0.572109  85.18841  60.06141  0.0001 

At most 2 *  0.479522  50.38407  40.17493  0.0035 

At most 3  0.342667  23.61077  24.27596  0.0605 

At most 4  0.141213  6.408640  12.32090  0.3880 

At most 5  0.004066  0.167044  4.129906  0.7352 

     
      Trace test indicates 3 cointegration(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.704623  49.99959  36.63019  0.0008 

At most 1 *  0.572109  34.80434  30.43961  0.0133 

At most 2 *  0.479522  26.77330  24.15921  0.0217 

At most 3  0.342667  17.20213  17.79730  0.0612 

At most 4  0.141213  6.241596  11.22480  0.3230 

At most 5  0.004066  0.167044  4.129906  0.7352 

     
      Max-eigenvalue test indicates 3 cointegration(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  
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MAIZE MODEL 

Date: 10/13/14   Time: 21:32   

Sample (adjusted): 1972 2012   

Included observations: 41 after adjustments  

Trend assumption: Linear deterministic trend  

Series: LAPMAIZE LRMPP LRSOP YM LRCOP LER DT79 DT93 DT2005  

Lags interval (in first differences): 1 to 1  

     

Unrestricted Cointegration Rank Test (Trace)  

     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.888718  277.3025  197.3709  0.0000 

At most 1 *  0.697202  187.2794  159.5297  0.0006 

At most 2 *  0.629011  138.2972  125.6154  0.0067 

At most 3 *  0.524403  97.64221  95.75366  0.0368 

At most 4  0.429468  67.17162  69.81889  0.0798 

At most 5  0.391662  44.16297  47.85613  0.1066 

At most 6  0.338519  23.78496  29.79707  0.2097 

At most 7  0.134362  6.840702  15.49471  0.5962 

At most 8  0.022306  0.924886  3.841466  0.3362 

     
      Trace test indicates 4 cointegration(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.888718  90.02314  58.43354  0.0000 

At most 1  0.697202  48.98220  52.36261  0.1067 

At most 2  0.629011  40.65495  46.23142  0.1752 

At most 3  0.524403  30.47059  40.07757  0.3935 

At most 4  0.429468  23.00866  33.87687  0.5298 

At most 5  0.391662  20.37800  27.58434  0.3156 

At most 6  0.338519  16.94426  21.13162  0.1747 

At most 7  0.134362  5.915816  14.26460  0.6240 

At most 8  0.022306  0.924886  3.841466  0.3362 

     
      Max-eigenvalue test indicates 1 cointegration(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  
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WHEAT MODEL 

Date: 10/13/14   Time: 18:03   

Sample (adjusted): 1972 2012   

Included observations: 41 after adjustments  

Trend assumption: Linear deterministic trend  

Series: LAPW LRWPP LRMPP LRBPP LRCOP LNRER DT81 DT92 DT98  

Lags interval (in first differences): 1 to 1  

 

     

Unrestricted Cointegration Rank Test (Trace)  

     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.858709  298.3852  197.3709  0.0000 

At most 1 *  0.768587  218.1510  159.5297  0.0000 

At most 2 *  0.746026  158.1455  125.6154  0.0001 

At most 3 *  0.640230  101.9540  95.75366  0.0175 

At most 4  0.450864  60.04010  69.81889  0.2341 

At most 5  0.368399  35.46429  47.85613  0.4237 

At most 6  0.248119  16.62490  29.79707  0.6676 

At most 7  0.113292  4.932645  15.49471  0.8159 

At most 8  6.92E-05  0.002839  3.841466  0.9549 

     
      Trace test indicates 4 Cointegration (s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.858709  80.23417  58.43354  0.0001 

At most 1 *  0.768587  60.00553  52.36261  0.0069 

At most 2 *  0.746026  56.19153  46.23142  0.0032 

At most 3 *  0.640230  41.91387  40.07757  0.0307 

At most 4  0.450864  24.57581  33.87687  0.4143 

At most 5  0.368399  18.83939  27.58434  0.4270 

At most 6  0.248119  11.69226  21.13162  0.5782 

At most 7  0.113292  4.929807  14.26460  0.7507 

At most 8  6.92E-05  0.002839  3.841466  0.9549 

     
      Max-eigenvalue test indicates 4 cointegration(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  
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SORGHUM MODEL 

Date: 10/13/14   Time: 17:34   

Sample (adjusted): 1972 2012   

Included observations: 41 after adjustments  

Trend assumption: Linear deterministic trend  

Series: LAPSORGHUM LRSOP LRMPP LNRER LRCOP DT93 DT2005 YSO  

Lags interval (in first differences): 1 to 1  

     

Unrestricted Cointegration Rank Test (Trace)  

     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.826206  250.0182  159.5297  0.0000 

At most 1 *  0.785061  178.2729  125.6154  0.0000 

At most 2 *  0.687641  115.2395  95.75366  0.0012 

At most 3  0.452612  67.53181  69.81889  0.0751 

At most 4  0.423297  42.82535  47.85613  0.1369 

At most 5  0.252146  20.25779  29.79707  0.4055 

At most 6  0.174632  8.345345  15.49471  0.4292 

At most 7  0.011552  0.476388  3.841466  0.4901 

     
      Trace test indicates 3 cointegration(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.826206  71.74528  52.36261  0.0002 

At most 1 *  0.785061  63.03341  46.23142  0.0004 

At most 2 *  0.687641  47.70769  40.07757  0.0057 

At most 3  0.452612  24.70647  33.87687  0.4051 

At most 4  0.423297  22.56756  27.58434  0.1927 

At most 5  0.252146  11.91244  21.13162  0.5563 

At most 6  0.174632  7.868957  14.26460  0.3921 

At most 7  0.011552  0.476388  3.841466  0.4901 

     
      Max-eigenvalue test indicates 3 cointegration(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values 
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ANNEXURE A5: VECM DIAGNOSTIC TEST RESULTS 

The following outline the details of the diagnostic test for Granger causality, test of equality of 

means between series, normality and serial correlation tests for each of the VECM. The 

normality test of Jarque–Bera shows that the residuals have normal distribution.  

Furthermore, the evidence shows that the residuals tested up to 12 time delays have no serial 

correlation and the VEC joint test has a significant probability in most cases and hence there 

is no exogeneity in the data series or causality among the variables.  

We examined the stability of the equations in our model using VEC residual serial correlation 

LM test. The tests fail to reveal any evidence of equation instability and hence we conclude 

that the estimated coefficients from our model are sufficiently stable to form the foundation our 

analysis. 

SORGHUM VECM Diagnostics Test Results 

VEC Granger Causality/Block Exogeneity Wald Tests 
Sample: 1970 - 2012   
Included observations: 40  
    
        
Dependent variable: D(LAPSORGHUM)  
    
    Excluded Chi-sq df Prob. 
    
    D(LRSOP)  3.766529 2  0.1521 
D(LRMPP)  2.980123 2  0.2254 
D(LNRER)  5.536912 2  0.0628 
D(LRCOP)  8.232577 2  0.0163 
D(DT93)  10.53388 2  0.0052 
D(DT2005)  2.150631 2  0.3412 
D(YSO)  5.374703 2  0.0681 
    
    All  46.45549 14  0.0000* 
    
    * Significant @ 1% level. 

VEC Residual Normality Tests   
Orthogonalization: Cholesky (Lutkepohl)  
Null Hypothesis: residuals are multivariate normal  
Sample: 1970 – 2012.    
Included observations: 40    
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     Component Test Chi-sq df Prob. 

          
Joint Skewness  16.75521 8  0.0328** 

Joint Kurtosis  45.77676 8  0.0000* 

 Jarque-Bera    

Joint  62.53197   16 0.0000* 

     
* Significant @ 1% level.   **Significant @ 5% level 

VEC Residual Serial Correlation LM 
Tests 
Null Hypothesis: no serial 
correlation at lag order h 
Sample: 1970 - 2012  
Included observations: 40 
   
   Lags LM-Stat Prob 
   
   1  52.31163  0.8517 
2  66.68688  0.3848 
3  88.29841  0.0238 
4  57.56679  0.7017 
5  64.55902  0.4569 
6  70.20544  0.2775 
7  66.83091  0.3800 
8  94.28014  0.0082 
9  88.53194  0.0229 
10  67.42463  0.3609 
11  94.62299  0.0077 
12  88.67643  0.0223 
   
   Probs from chi-square with 64 df. 
 

Sorghum area planted VECM system equation = 

D(LAPSORGHUM) = C(1)*( LAPSORGHUM(-1) - 1.30069390071*LNRER(-1) + 0.53791849932*LRCOP(-1) - 

1.4029184311*DT93(-1) - 0.69953196551*DT2005(-1) + 2.29026858086*YSO(-1) - 8.49814242674 ) + C(2)*( 

LRSOP(-1) + 0.138574999791*LNRER(-1) - 2.74404788574*LRCOP(-1) - 1.54461216501*DT93(-1) + 

0.870289386939*DT2005(-1) + 4.57202655541*YSO(-1) + 17.4918455592 ) + C(3)*( LRMPP(-1) - 

1.46410068654*LNRER(-1) + 0.182006831582*LRCOP(-1) + 0.548612213816*DT93(-1) - 

0.837735749864*DT2005(-1) - 1.76088497259*YSO(-1) - 4.46811412739 ) + C(4)*D(LAPSORGHUM(-1)) + 

C(5)*D(LAPSORGHUM(-2)) + C(6)*D(LRSOP(-1)) + C(7)*D(LRSOP(-2)) + C(8)*D(LRMPP(-1)) + C(9)*D(LRMPP(-

2)) + C(10)*D(LNRER(-1)) + C(11)*D(LNRER(-2)) + C(12)*D(LRCOP(-1)) + C(13)*D(LRCOP(-2)) + 

C(14)*D(DT93(-1)) + C(15)*D(DT93(-2)) + C(16)*D(DT2005(-1)) + C(17)*D(DT2005(-2)) + C(18)*D(YSO(-1)) + 

C(19)*D(YSO(-2)) + C(20). 
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WHEAT VECM Diagnostics Test Results 

VEC Granger Causality/Block Exogeneity Wald Tests 
Sample: 1970 - 2012   
Included observations: 40  
    
        
Dependent variable: D(LAPW)  
    
    Excluded Chi-sq df Prob. 
    
    D(LRWPP)  3.180638 2  0.2039 
D(LRMPP)  5.252908 2  0.0723 
D(LRBPP)  1.240270 2  0.5379 
D(LRCOP)  0.158486 2  0.9238 
D(LNRER)  4.536142 2  0.1035 
D(DT81)  0.716576 2  0.6989 
D(DT92)  2.496488 2  0.2870 
D(DT98)  8.929984 2  0.0115 
    
    All  24.14133 16  0.0865 
    
    VEC Residual Normality Tests   
Orthogonalization: Cholesky (Lutkepohl)  
Null Hypothesis: residuals are multivariate normal  
Sample: 1970 – 2012.    
Included observations: 40    
     Component Test Chi-sq df Prob. 

          
Joint Skewness  14.47582 9  0.1064 

Joint Kurtosis  7.8930004 9  0.5450 

 Jarque-Bera    

Joint  22.36883   18 0.2160 

     
The joint test is not significant hence for of equality of means 

 

Test for Equality of Means Between Series  
Date: 10/13/14   Time: 21:35   
Sample: 1970 2012   
Included observations: 43   
     
     Method df Value Probability 
     
     Anova F-test (8, 378) 4411.906 0.0000 
Welch F-test* (8, 156.508) 5727.157 0.0000 
     
     *Test allows for unequal cell variances  



Annexure 

 

284 

 

Analysis of Variance   
     
     Source of Variation df Sum of Sq. Mean Sq. 
     
     Between 8 5383.895 672.9868 
Within 378 57.65966 0.152539 
     
     Total 386 5441.554 14.09729 
     
      

VEC Residual Serial Correlation LM 
Tests 
Null Hypothesis: no serial 
correlation at lag order h 
Date: 10/13/14   Time: 18:16 
Sample: 1970 2012  
Included observations: 40 
   
   Lags LM-Stat Prob 
   
   1  NA  NA 
2  323.7324  0.0000 
3  NA  NA 
4  335.1112  0.0000 
5  NA  NA 
6  NA  NA 
7  NA  NA 
8  359.1086  0.0000 
9  NA  NA 
10  NA  NA 
11  NA  NA 
12  325.9949  0.0000 
   
   Probs from chi-square with 81 df. 
 

Wheat area planted VECM system equation =  

D(LAPW) = C(1)*( LAPW(-1) - 0.76779476086*LRCOP(-1) - 0.99372099584*LNRER(-1) - 

0.361444379988*DT81(-1) - 0.181210520924*DT92(-1) + 0.804487858413*DT98(-1) + 2.96480187661 ) + C(2)*( 

LRWPP(-1) + 0.798640759342*LRCOP(-1) + 0.153012730793*LNRER(-1) + 0.284318883742*DT81(-1) + 

0.122214518487*DT92(-1) + 0.0772905266888*DT98(-1) - 16.2531219504 ) + C(3)*( LRMPP(-1) + 

0.552004054544*LRCOP(-1) + 0.0495858592265*LNRER(-1) - 0.0824547013048*DT81(-1) + 

0.573768163183*DT92(-1) - 0.214314686291*DT98(-1) - 12.9758343161 ) + C(4)*( LRBPP(-1) + 

1.54428985664*LRCOP(-1) + 0.231796173014*LNRER(-1) + 0.0838558182045*DT81(-1) - 

0.129179568153*DT92(-1) + 0.174847088911*DT98(-1) - 23.5949555008 ) + C(5)*D(LAPW(-1)) + C(6)*D(LAPW(-
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2)) + C(7)*D(LRWPP(-1)) + C(8)*D(LRWPP(-2)) + C(9)*D(LRMPP(-1)) + C(10)*D(LRMPP(-2)) + C(11)*D(LRBPP(-

1)) + C(12)*D(LRBPP(-2)) + C(13)*D(LRCOP(-1)) + C(14)*D(LRCOP(-2)) + C(15)*D(LNRER(-1)) + 

C(16)*D(LNRER(-2)) + C(17)*D(DT81(-1)) + C(18)*D(DT81(-2)) + C(19)*D(DT92(-1)) + C(20)*D(DT92(-2)) + 

C(21)*D(DT98(-1)) + C(22)*D(DT98(-2)) + C(23). 

MAIZE VECM Diagnostics Test Results 

VEC Granger Causality/Block Exogeneity Wald Tests 
Date: 10/13/14   Time: 21:40  
Sample: 1970 2012   
Included observations: 40  
    
        
Dependent variable: D(LAPMAIZE)  
    
    Excluded Chi-sq df Prob. 
    
    D(LRMPP)  2.590394 2  0.2738 
D(LRSOP)  10.38958 2  0.0055 
D(YM)  12.22157 2  0.0022 
D(LRCOP)  16.15409 2  0.0003 
D(LER)  2.163623 2  0.3390 
D(DT79)  0.781038 2  0.6767 
D(DT93)  1.367557 2  0.5047 
D(DT2005)  2.623342 2  0.2694 
    
    All  51.08231 16  0.0000* 
    
    * Significant @ 1% level 

 

VEC Residual Normality Tests   
Orthogonalization: Cholesky (Lutkepohl)  
Null Hypothesis: residuals are multivariate normal  
Sample: 1970 – 2012.    
Included observations: 40    
     Component Test Chi-sq df Prob. 

          
Joint Skewness  42.23089 9  0.0000* 

Joint Kurtosis  134.3432 9  0.0000* 

 Jarque-Bera    

Joint  176.5741   18 0.0000* 

     
*significant @1% level 
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VEC Residual Serial Correlation LM 
Tests 
Null Hypothesis: no serial 
correlation at lag order h 
Date: 10/13/14   Time: 21:42 
Sample: 1970 2012  
Included observations: 40 
   
   Lags LM-Stat Prob 
   
   1  93.37747  0.1639 
2  58.59185  0.9714 
3  94.04671  0.1523 
4  96.41038  0.1164 
5  93.50697  0.1616 
6  92.67710  0.1766 
7  97.43077  0.1031 
8  110.7989  0.0156 
9  67.81251  0.8520 
10  70.83444  0.7828 
11  85.14251  0.3548 
12  110.0412  0.0176 
   
   Probs from chi-square with 81 df. 
 

Maize area planted VECM system equation = 

D(LAPMAIZE) = C(1)*( LAPMAIZE(-1) - 0.673827684569*LRMPP(-1) + 0.344244805654*LRSOP(-1) + 
0.749648800359*YM(-1) - 0.0161568894819*LRCOP(-1) + 0.126971519663*LER(-1) + 0.041196353568*DT79(-
1) - 0.230474055231*DT93(-1) - 0.024493774414*DT2005(-1) - 6.56274069795 ) + C(2)*D(LAPMAIZE(-1)) + 
C(3)*D(LAPMAIZE(-2)) + C(4)*D(LRMPP(-1)) + C(5)*D(LRMPP(-2)) + C(6)*D(LRSOP(-1)) + C(7)*D(LRSOP(-2)) + 
C(8)*D(YM(-1)) + C(9)*D(YM(-2)) + C(10)*D(LRCOP(-1)) + C(11)*D(LRCOP(-2)) + C(12)*D(LER(-1)) + 
C(13)*D(LER(-2)) + C(14)*D(DT79(-1)) + C(15)*D(DT79(-2)) + C(16)*D(DT93(-1)) + C(17)*D(DT93(-2)) + 
C(18)*D(DT2005(-1)) + C(19)*D(DT2005(-2)) + C(20). 
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SUGAR CANE VECM Diagnostics Test Results 

VEC Granger Causality/Block Exogeneity Wald Tests 
Sample: 1970 2012   
Included observations: 40  
    
        
Dependent variable: D(LAPSUGAR)  
    
    Excluded Chi-sq df Prob. 
    
    D(LRSPP)  2.031795 2  0.3621 
D(LER)  2.939185 2  0.2300 
D(LRCOP)  10.79325 2  0.0045 
D(LRMPP)  10.44065 2  0.0054 
D(YSC)  0.368691 2  0.8316 
D(DT78)  3.768752 2  0.1519 
D(DT87)  5.541597 2  0.0626 
D(DT2008)  17.43075 2  0.0002 
    
    All  25.72640 16  0.0580*** 
    
    ***significant @5% level 

VEC Residual Normality Tests   
Orthogonalization: Cholesky (Lutkepohl)  
Null Hypothesis: residuals are multivariate normal  
Sample: 1970 – 2012.    
Included observations: 40    
     Component Test Chi-sq df Prob. 

          
Joint Skewness  28.24785 9  0.0009* 

Joint Kurtosis  57.93881 9  0.0000* 

 Jarque-Bera    

Joint  86.18666   18 0.0000* 

     
*significant @1% level 

VEC Residual Serial Correlation LM 
Tests  
Null Hypothesis: no serial 
correlation at lag order h 
Sample: 1970 2012  
Included observations: 40 
   
   Lags LM-Stat Prob 
   
   1  73.02660  0.7242 
2  86.18459  0.3260 
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3  115.1386  0.0076 
4  87.80435  0.2835 
5  99.59929  0.0787 
6  80.12620  0.5066 
7  68.73790  0.8324 
8  133.1138  0.0002 
9  154.8308  0.0000 
10  100.8095  0.0673 
11  121.4926  0.0024 
12  121.9969  0.0022 
   
   Probs from chi-square with 81 df. 

 

Sugarcane area planted VECM system equation = 

D(LAPSUGAR) = C(1)*( LAPSUGAR(-1) - 0.0207025233955*LRSPP(-1) - 0.0578827192911*LER(-1) - 

0.269105894388*LRCOP(-1) + 0.276613384864*LRMPP(-1) - 0.0993177082032*YSC(-1) - 

0.128528457348*DT78(-1) + 0.128146772859*DT87(-1) + 0.27199089007*DT2008(-1) - 4.59285911087 ) + 

C(2)*D(LAPSUGAR(-1)) + C(3)*D(LAPSUGAR(-2)) + C(4)*D(LRSPP(-1)) + C(5)*D(LRSPP(-2)) + C(6)*D(LER(-1)) 

+ C(7)*D(LER(-2)) + C(8)*D(LRCOP(-1)) + C(9)*D(LRCOP(-2)) + C(10)*D(LRMPP(-1)) + C(11)*D(LRMPP(-2)) + 

C(12)*D(YSC(-1)) + C(13)*D(YSC(-2)) + C(14)*D(DT78(-1)) + C(15)*D(DT78(-2)) + C(16)*D(DT87(-1)) + 

C(17)*D(DT87(-2)) + C(18)*D(DT2008(-1)) + C(19)*D(DT2008(-2)) + C(20). 

 

BARLEY VECM Diagnostics Test Results 

VEC Granger Causality/Block Exogeneity Wald Tests 
Sample: 1970 2012   
Included observations: 40  
    
        
Dependent variable: D(LAPBARLEY)  
    
    Excluded Chi-sq df Prob. 
    
    D(LRBPP)  0.114551 2  0.9443 
D(LER)  1.332176 2  0.5137 
D(LRCOP)  5.037731 2  0.0806 
D(YBAR)  0.495091 2  0.7807 
D(LRMPP)  0.605059 2  0.7389 
D(DT80)  1.263226 2  0.5317 
D(DT91)  0.250298 2  0.8824 
D(DT2000)  1.436141 2  0.4877 
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All  11.52704 16  0.7758 
    
    The joint test is not significant. 
 
VEC Lag Exclusion Wald Tests for Barley model 
Sample: 1970 - 2012 
Included observations: 40 
 

 

 

 

 

* Significant @1% level 

VEC Residual Normality Tests   
Orthogonalization: Cholesky (Lutkepohl)  
Null Hypothesis: residuals are multivariate normal  
Sample: 1970 – 2012.    
Included observations: 40    
     Component Test Chi-sq df Prob. 

          
Joint Skewness  24.76692 9  0.0032*** 

Joint Kurtosis  22.42903 9  0.0076*** 

 Jarque-Bera    

Joint  47.19595   18 0.0002* 

     
***significant @5% level.    *significant @1% level 

 

VEC Residual Serial Correlation LM 
Tests 
Null Hypothesis: no serial 
correlation at lag order h 
Sample: 1970 2012  
Included observations: 40 
   
   Lags LM-Stat Prob 
   
   1  82.21550  0.4414 
2  71.83260  0.7569 

 Chi-square test statistics for lag 
exclusion:  

 Numbers in [ ] are p-values 

 Lag 
length 

 Joint test 

 DLag 1  1275.455 

 [0.000000*] 

 DLag 2  971.5896 

 [0.000000*] 

 df  81 
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3  105.9000  0.0331 
4  119.2237  0.0037 
5  82.01912  0.4475 
6  98.42268  0.0913 
7  108.3837  0.0228 
8  77.62824  0.5855 
9  109.3074  0.0198 
10  77.40130  0.5927 
11  114.4841  0.0085 
12  114.4615  0.0085 
   
   Probs from chi-square with 81 df. 
 

Barley area planted VECM system equation = 

D(LAPBARLEY) = C(1)*( LAPBARLEY(-1) + 0.566637273482*LRBPP(-1) - 0.402718836429*LER(-1) - 

0.313797480552*LRCOP(-1) - 0.620959341282*YBAR(-1) + 1.12319596105*LRMPP(-1) + 

0.692587552972*DT80(-1) + 0.0247864780363*DT91(-1) + 0.587324500907*DT2000(-1) - 13.0103505904 ) + 

C(2)*D(LAPBARLEY(-1)) + C(3)*D(LAPBARLEY(-2)) + C(4)*D(LRBPP(-1)) + C(5)*D(LRBPP(-2)) + C(6)*D(LER(-

1)) + C(7)*D(LER(-2)) + C(8)*D(LRCOP(-1)) + C(9)*D(LRCOP(-2)) + C(10)*D(YBAR(-1)) + C(11)*D(YBAR(-2)) + 

C(12)*D(LRMPP(-1)) + C(13)*D(LRMPP(-2)) + C(14)*D(DT80(-1)) + C(15)*D(DT80(-2)) + C(16)*D(DT91(-1)) + 

C(17)*D(DT91(-2)) + C(18)*D(DT2000(-1)) + C(19)*D(DT2000(-2)) + C(20). 
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AGGREGATE SUPPLY VECM Diagnostics Test Results 

VEC Granger Causality/Block Exogeneity Wald Tests 
Sample: 1970 2012   
Included observations: 40  
    
        
Dependent variable: D(LNVOP)  
    
    Excluded Chi-sq df Prob. 
    
    D(LNAPP)  8.199762 2  0.0166 
D(LER)  1.216622 2  0.5443 
D(LNRGCF
A)  6.163586 2  0.0459 
D(LNFQ)  1.169016 2  0.5574 
D(DT2002)  6.019590 2  0.0493 
    
    All  25.79385 10  0.0040** 
    
    **Significant @ 1% level 

 

VEC Residual Normality Tests   
Orthogonalization: Cholesky (Lutkepohl)  
Null Hypothesis: residuals are multivariate normal  
Sample: 1970 – 2012.    
Included observations: 40    
     Component Test Chi-sq df Prob. 

          
Joint Skewness  11.14540 6  0.0840* 

Joint Kurtosis  35.27370 6  0.0000** 

 Jarque-Bera    

Joint  46.41909   12 0.0000** 

     
**significant @1% level.    *significant @10% level 

VEC Residual Serial Correlation LM 
Tests 
Null Hypothesis: no serial 
correlation at lag order h 
Date: 10/07/14   Time: 20:40 
Sample: 1970 2012  
Included observations: 40 
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Lags LM-Stat Prob 
   
   1  45.63339  0.1304 
2  53.07447  0.0331 
3  32.33179  0.6438 
4  38.37849  0.3622 
5  38.95529  0.3382 
6  41.07289  0.2580 
7  49.51898  0.0662 
8  37.16611  0.4151 
9  36.08488  0.4647 
10  37.66566  0.3929 
11  34.48733  0.5406 
12  43.57836  0.1802 
   
   Probs from chi-square with 36 df. 
 

Volume of agricultural production (VOP) VECM system equation = 

((LNVOP) = C(1)*( LNVOP(-1) - 0.634828418597*LNRGCFA(-1) - 1.01033290219*LNFQ(-1) + 

0.257294374428*DT2002(-1) ) + C(2)*( LNAPP(-1) - 0.164566395418*LNRGCFA(-1) - 0.812144958219*LNFQ(-

1) - 0.0221519917349*DT2002(-1) ) + C(3)*( LER(-1) - 0.258779854175*LNRGCFA(-1) + 

0.148839940288*LNFQ(-1) + 0.41190133304*DT2002(-1) ) + C(4)*D(LNVOP(-1)) + C(5)*D(LNVOP(-2)) + 

C(6)*D(LNAPP(-1)) + C(7)*D(LNAPP(-2)) + C(8)*D(LER(-1)) + C(9)*D(LER(-2)) + C(10)*D(LNRGCFA(-1)) + 

C(11)*D(LNRGCFA(-2)) + C(12)*D(LNFQ(-1)) + C(13)*D(LNFQ(-2)) + C(14)*D(DT2002(-1)) + C(15)*D(DT2002(-

2)). 
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ANNEXURE A6: GRAPHICAL PRESENTATION OF THE RESIDUALS 

FROM THE VECMS  

Residual graph from each model are as follows: 

1. WHEAT MODEL 
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2. MAIZE MODEL 
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3. BARLEY MODEL 
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4. SUGAR CANE MODEL 
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5. SORGHUM MODEL 
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6. AGGREGATE SUPPLY MODEL 
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