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Abstract 

Since the deregulation of the South African commodity market in 1997, local 

agricultural producers encountered increased levels of price risk. This is due to the 

volatility and competitiveness of market prices and is expected to increase in future. 

Currently, only a few risk management strategies are available to mitigate price risk. 

This fact has led to the opportunity to research one of these strategies, namely 

production diversification. This study examines the value of production diversification 

as a risk mitigation strategy for summer grains and oilseed producers in South 

Africa. The value of this strategy was determined by using Markowitz’s mean 

variance optimisation theory as methodology. Twelve different scenarios were 

developed using this methodology, which consisted of the three rainfall categories in 

four regions. The findings showed a decrease in price risk by between 3.04% and 

7.29%, on average, when using production diversification. Furthermore, this strategy 

showed price-risk mitigation of up to 21.07% within the scenarios, when all of these 

findings are compared with non-diversified production.  

The findings implies that, if an average or above rainfall season is expected, 

producers in the eastern Free State and the North-West provinces are 

recommended to allocate higher percentage of total production to sunflower while 

producers in the north-west Free State and KwaZulu-Natal provinces should allocate 

lager areas to soya bean. When a below average rainfall seasons is expected, 

higher allocation to sunflower is recommended to producers in the north-west Free 

State and North-West provinces. White maize and soya bean are recommended for 

the eastern Free State and KwaZulu-Natal provinces during a below normal rainfall 

season. In the scenarios, production diversification increased return up to 21%, with 

an average increase of between 8% to 17% within the four regions when all rainfall 

conditions are considered. In case of the maximum Sharpe scenarios, production 

diversification showed between 0.95 to 2.80 higher Sharpe ratio scores on average 

within the four regions included in the study. It is recommended that producers 

collaborate with climatologists and weather forecast organisations to determine the 

expected rainfall condition, before production planning, to ensure that the optimal 

allocation for specific rainfall conditions are selected within the applicable region.  
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The results confirm that production diversification can be used as a risk-mitigation 

strategy for summer grain and oilseed producers in South Africa. 

Keywords 

Markowitz’s Modern Portfolio Theory; Production diversification; South African 

summer grain and oilseeds industry; Risk mitigation 
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CHAPTER 1: INTRODUCTION AND BACKGROUND 

Chapter 1 provides an introduction of the South Africa agricultural market. 

Furthermore, an overview is given of the local and international white- and yellow-

maize, soya bean and sunflower industries. This chapter also presents the problem 

statement, research question, objectives, assumptions and the framework of study. 

1.1 Introduction 

The introduction of a free, deregulated market in 1994 changed the way in which 

agricultural prices are determined in South Africa, and as a result, increased volatility 

in agricultural markets (Theron, 2016). The two most significant events for the 

agricultural sector in South Africa were, firstly, the introduction of the Marketing Act 

of 1937, which entailed regulatory control over the marketing of agricultural products, 

and, secondly, the Marketing of Agricultural Products Act of 1996, which implied the 

elimination of the 1937 regulatory control (Theron, 2016). 

Tregurtha, Vink and Kirsten (2010) have mentioned that these two events were led 

by changing trends. Tregurtha et al. (2010) further explained that these events had 

material consequences on the South African agricultural sector, specifically on the 

oilseed and grain industries. Theron (2016) suggested that regulatory control over 

the marketing of agricultural products was not distinctive to South Africa and, 

therefore, may have been influenced by global trends.  

Tregurtha et al. (2010) explained that, in the approach to the deregulation of the 

control over marketing in South African agriculture sector, the system of regulated 

marketing was often condemned and they further argued that the objectives have not 

been met. The objective of the 1937 Marketing Act was to give the government 

control over domestic markets and trade. Theron (2016), on the other hand, argues 

that, regardless of this criticism, the system of regulated marketing created 

opportunities for growth in the South African agricultural sector, specifically within the 

oilseed and grain industries of this sector. Furthermore, the carry-over will have a 

positive effect of the broader South African economy.  

Figure 1.1 shows the positive impacts of the carry-over effect on the Gross Domestic 

Product (GDP) within the South Africa agriculture sector. Job creation, specifically for 
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unskilled labourers, was an additional benefit derived from the deregulation (Theron, 

2016). 

 

Figure 1.1: South African GDP from Agriculture 

Source: Stats SA (2017) 

In Figure 1.1, the GDP contribution of the agriculture sector to the South African 

overall GDP increased to R84 616 million in the fourth quarter of 2017, from R78 139 

million in the third quarter of 2017, averaging R58 859 million from 1993 to 2017. 

In January 1997, the South African commodity market was deregulated and the 

Agricultural Products Act was brought in operation. Vink (2003) performed an 

extensive study on the consequences of this Act and noted that it was a 

comprehensive policy shift. According to this study, the main consequences are 

listed below: 

i) The composition of output 

According to Sandrey and Vick (2007), over the period 2001–2003, agricultural 

production increased by 10% to 27%, at the expense of field crops. These authors, 

in association with the CEC1 (2018), suggest that the production of most 

commodities in the South African agricultural sector increased after the deregulation 

in 1994 until 2017. Therefore, it is clear that the production of agricultural products in 

                                            
1 Crop Estimation Committee  
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South Africa has, on average, increased at a faster rate, and that the deregulation 

resulted in an increase in production. 

ii) The trade portfolio 

According to Sandrey and Vick (2007), the increase in exports of agricultural 

commodities produce from South Africa is the second positive result bought about by 

the deregulation. The increase in agricultural production led to a local stock surplus 

in a number of agricultural commodities, which in turn influenced higher volumes of 

exports, thereby further contributing to the agricultural trade balance of South Africa. 

These authors further suggested that in the late 19th century, the main agricultural 

products exported by South Africa were wool, citrus and wine. In 2018, this was 

essentially still the case, with citrus, wine, table grapes, pears and apples being the 

largest exports by value, according to the U.S. Department of Commerce’s 

International Trade Administration (2018). This organisation also mentions that nuts, 

maize, wool, sugar, and other agricultural products are also exported by South 

Africa.  

iii) Productivity 

Vick (2003) has noted that a historical time series of agricultural productivity data for 

South Africa was analysed by Thirtle, Sartorius von Bach and Van Zyl (1993). These 

authors studied the Total Factor Productivity (TFP) for agriculture from 1947–1948 to 

1999-2000 in South Africa. According to Saikia (2009), TFP determines the output 

per unit of total inputs as a net growth value; therefore, the TFP level is measured by 

how intensely and efficiently the inputs are utilised in production. Thirtle et al. (1993) 

explained the TFP trend before 1965 and showed that in South Africa, the index of 

outputs and inputs increased at closely the same rate, therefore the TFP did not 

grow. From 1965 onwards, the TFP growth has increased by 1.7% per annum, due 

to output that continued to grow, with little growth in inputs. Sandrey and Vick (2007) 

contribute by mentioning that in this period, unemployment increased as combine 

harvester machines were introduced into the field crop industry, capital intensity 

increased under producers due to the favourable tax loopholes; and agriculture’s 

share of GDP decreased in South Africa. The 1984/1985 season brought the first 

round of deregulation, during which there was a decline in inputs, while outputs, on 

the other hand, recovered after the severe drought in the early 1990s and increased 
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thereafter to 2000. Sandrey and Vick (2007) wrote that the TFP continued to 

increase over this period, despite an increase in the use of inputs, therefore showing 

that the consequences of the deregulation contributed positively to TFP.  

iv) Price Volatility  

In 1997, South African grain prices were corrected through supply and demand until 

the global market price levels were reached. The commodity prices in the 

deregulated market after 1997, as seen in Figure 1.2, have made it difficult for 

farmers to budget for the coming seasons due to the fluctuation of market prices 

(Tregurtha et al., 2010).  

 

Figure 1.2: Summer grain producer prices from 1975/76 to 2016/17 

Source: SAGIS (2018) 

Price volatility is mainly driven by supply challenges, with weather conditions, nature 

of food production, international import and export, and other macro-economic 

factors also having a significant impact on price formation (Kargbo, 2007). 

Vink and Kirsten (2002) explain that international imports and exports influence 

commodity prices because most grains are traded freely, on both the domestic and 

Post 1997 crop prices began to 

fluctuate due to the free market. 
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the international markets. Therefore, during periods of grain shortages, the South 

African commodity prices are expected to increase towards achieving import parity. 

This entails the international commodity price plus transport, import tariffs and other 

handling costs, multiplied by the exchange rate. Vink and Kirsten (2002) go further to 

mention that during periods of grain surplus, the prices tend to decrease towards 

export parity. Export parity is defined as the price of a commodity on the international 

market, minus transport, import tariffs and other handling costs, multiplied by the 

exchange rate. 

Additional factors are proposed by Kargbo (2007), who argues that macro-economic 

factors, namely real exchange rates, inflation, interest rates, and money supply 

shocks, have major and unrelenting impacts on agricultural production output. The 

author further adds these factors also influence the market-related prices that 

farmers receive and the prices of production inputs of farmers. Agricultural 

commodity price changes are a source of macro-economic instability in South Africa 

(Kargbo, 2007). Real exchange rate changes shift relative prices in favour of the 

agriculture sector in the long run, thereby increasing farm incomes and helping with 

poverty reduction in South Africa (Kargbo, 2007). 

1.2 Industry overview 

The summer-grain and oilseed industry overview will cover the following 

commodities: white- and yellow-maize, soya bean, and sunflower seed. Further, the 

analysis will be done for both local and international markets for all four above-

mentioned crops.  

Figure 1.3 illustrates the gross value of Field crops, Horticulture, and Animal 

production in South Africa. The United States Department of Agriculture (2018) 

defined field crops as crops that are produced on a large, commercial scale for 

agricultural purposes. These include commodities other than fruits or vegetables, 

such as grains, cotton and hay. Thus, the summer grains and oilseeds that comprise 

white maize, yellow maize, sunflower and soya bean, as used in this study, are 

considered as field crops. 

Additionally, the USDA (2018) mentioned that horticultural crops consist of plants 

that are used by people for food, medicinal purposes and for aesthetic gratification. 
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These include vegetables, fruits, floricultural crops, tree nuts, and nursery crops. 

This US organisation further defines animal production as the production of animal 

goods, mostly for meat, wool, dairy products, and leather.  

Figure 1.3 also reflects that the field crops sector provided a smaller contribution in 

terms of gross value of agricultural production of South Africa, compared with 

horticulture (27.85% in 2016/2017) and animal production (47.48% in 2016/2017). 

The field crops sector is clearly the smallest contributor, with only 24.67% of the 

gross value of total agricultural production in 2016/2017. However, the importance of 

this sector is still unmistakeable because it showed a 17.91% growth from 

2015/2016 to 2016/2017, and was valued at R65 771 million in 2016/2017. 

 

Figure 1.3: Gross value of agricultural production from 2012 to 2017 

Source: CEC (2018) and SAGIS (2018) 

Considering the field crops sector, Figure 1.4 indicates the gross value of individual 

products as a percentage to the total gross value of the field crops sector in South 

Africa. Yellow and white maize contribute 45.33% of the value of the field crops 

industry, while sunflower seed and soya bean contributed 6.04% and 9.77%, 

respectively, in 2017. In combination, maize, sunflower seed and soya bean added 

61.14% gross value to the South African field crops industry in 2016/2017. 

Therefore, these crops have a significant impact on the South African field crops 
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industry, and it is clear that value can be added by providing summer grain and 

oilseed producers with a tool for optimising their production and minimising their risk.  

 

Figure 1.4: Gross value of field crops as a percentage in the South African field 

crop industry for 2017 

Source: DAFF (2018)  

Knowing that yellow and white maize, soya beans and sunflower provide more than 

60% of all field crops, in terms of value as seen in Figure 1.4, the next waypoint is to 

look at the main production areas of these three crops. Figure 1.5 indicates that the 

Free State, Mpumalanga and the North West added 43.6%, 23.2% and 14.0% each 

to the South African 2017 total production of maize. The main three production 

provinces for sunflower in 2017 were the Free State (57.2%), the North West 

(36.4%) and Limpopo (5.2%), as displayed by Figure 1.5. Mpumalanga, the Free 

State and KwaZulu-Natal were the main three production provinces in 2017 for soya 

beans, and added 40.4%, 37.6% and 9.0%, respectively, of the total national soya 

bean production.  
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Figure 1.5: Percentage of total production per crop in each province. 

Source: DAFF (2018) 

The Free State was the main production province for all three of the mentioned 

crops. The North West and Mpumalanga were in two of the three mentioned crops 

production rankings, and Limpopo and KwaZulu-Natal were in one of the three 

mentioned crop rankings. Going further in this study, the Free State, the North West, 

Mpumalanga, Limpopo and KwaZulu-Natal will be considered as being the main 

provinces for producing maize, sunflower and soya beans.  

1.2.1 MAIZE 

The global forecast for total grain production in 2017/2018 was 6 million tonnes 

lower, month-on-month, at 2 094 million tonnes, which is a 2% year-on-year decline, 

and is mainly attributable to the poorer maize output predictions in Brazil, Argentina 

and South Africa. However, with demand unchanged and smaller opening stock 
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levels, the carry-over stocks are cut by 7 million tonnes, to 610 million tonnes in total 

(IGC, 2018).  

Grain SA (2016a) mentioned that South Africa is mainly a net exporter of maize 

during a normal year. This implies that, under normal conditions, the local production 

of maize is greater than the local consumption is, and therefore the surplus stock of 

maize is exported. However, the 2015/2016 drought had a spill over effect in the 

2016/2017 marketing season, and the total area planted in the 2016/2017 season 

comprised 1.9 million hectares (ha) (Grain SA, 2016a).  

According to the ‘Crop Estimates Committee (CEC) Summer Crops (2018): Revised 

Area Planted & 1st Production Forecast’ it is reported that the production area 

estimate for commercial maize is 2.3 million ha, which is 12.4% or 325 900 ha less 

than the 2.6 million ha planted for the 2017 season. Furthermore, these estimates 

are 0.28% or 6 500 ha less than the 2018 preliminary area estimate of 2.3 million ha 

(CEC, 2018). The expected commercial maize production is 12.7 million tonnes, 

which is 4.8 million tonnes less than the 17.5 million tonnes of the 2017 season, as 

seen in Figure 1.6 (CEC, 2018). 

 

Figure 1.6: Commercial maize production and consumption in South Africa 

2005 – 2018. 

Sources: CEC (2018) and SAGIS (2018) 
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Figure 1.6 provides an overview of the historical, total commercial maize production 

and consumption, which includes white and yellow maize, from 2005/2006 to 

2017/2018.  

The 2017/2018 production area forecast for white maize is 1.2 million ha, which 

represents a decline of 23.43% or 384 900 ha, compared with the 1.6 million ha 

planted in the 2016/2017 season (CEC, 2018). The 2017/2018 production volume 

forecast for white maize is 6.1 million tonnes, which is 38.40% or 3.8 million tonnes 

less than the 9.9 million tonnes of the 2016/2017 season (CEC, 2018). The average 

yield for white maize is 4.85 t/ha. In the case of yellow maize, the area estimation is 

1 million ha, which is 5.99% or 59 000 ha more than the 985 000 ha planted in the 

last season (CEC, 2018). The yellow maize production forecast is 6.1 million tonnes, 

which is 11.43% or 789 050 tonnes less than the 6.9 million tonnes of the last 

season (CEC, 2018). The average yield forecasted for yellow maize in 2017/2018 is 

5.85 tonnes per ha and 4.85 for white maize. 

1.2.2 SOYA BEAN 

According to the International Grain Council (IGC) (2018), the global soya bean 

production forecast in 2017/2018 was cut by 2 million tonnes, month-on-month, to 

347 million tonnes, down by 1% year-on-year, including reduced volumes for 

Argentina. In spite of this, supplies are forecast to be higher, month-on-month, and 

with uptake reduced, carry-overs are raised to 44.1 million tonnes, slightly lower 

year-on-year (IGC, 2018). This is due to an increased estimate for carry-over supply. 

Trade is little changed, month-on-month, at a peak of 153 million tonnes, up by 4% 

year-on-year (IGC, 2018).  

Grain SA (2016b) has mentioned in recent years that South Africa has made 

substantial investments in its domestic soya bean crushing capacity. These 

investments have led to significant growth in the crushing capacity, in the order of 

2.2 million tonnes, plus (Grain SA, 2016b). This investment was aimed at increasing 

domestic soya bean production, as part of an import substitution strategy. Grain SA 

(2016b) stated that South African soya bean producers responded positively to the 

higher demand, and for the first time, South African soya bean production reached 

1 million tonnes in the 2015/2016 marketing season, as seen in Figure 1.7. Despite 
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the increasing levels of soya bean production, South Africa’s domestic soya bean 

production is only a third of the country’s crushing capacity, according to the CEC 

(2018). The South African soya bean industry was negatively affected by the 

2015/2016 drought, as seen in Figure 1.7. Nevertheless, the industry has grown 

sharply and there remains an opportunity for further growth to utilise the remaining 

crushing capacity. 

South African soya bean production has varied throughout the years, but is 

estimated that 775 300 ha have were planted in 2017/2018, which represents a 

35.08% or 201 350 ha increase, compared with the 573 950 ha planted in the 

2016/2017 season (CEC, 2018). The 2017/2018 production forecast is 1.36 million 

tonnes (Figure 1.7), which is 4.46% or 58 700 tonnes more than the 1.30 million 

tonnes of the 2016/2017 season (CEC, 2018). The expected 2017/2018 yield is 1.77 

tonnes per ha (CEC, 2018), while the total consumption is forecasted to be 1.1 

million tonnes in 2018, which is a 9.37% increase from the 2017 total consumption, 

as shown in Figure 1.7. 

 

Figure 1.7: Soya bean total production and consumption in South Africa 2005–

2018 

Source: CEC (2018) and SAGIS (2018) 
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The total 2018 forecasted consumption is expected to be 1.1 million tonnes. Figure 

1.8 shows that 83% or 890 000 tonnes of the total forecasted consumption is used in 

the form of oil and oil cakes, while 14% or 153 800 tonnes is used for seed and 

feeds. The remainder 3% or 25 500 tonnes is for human consumption. 

 

 

Figure 1.8: Layout of total soya bean consumption in South Africa 2017/2018 

Source: SAGIS (2018) 

1.2.3 SUNFLOWER 

The international sunflower price is currently under pressure as a result of the spill-

over effect of the declining international soya bean prices (ARC, 2017). Global 

sunflower production is expected to grow slightly to 46.1 million tonnes in 2017/2018 

(ARC, 2017). The projected increases in sunflower production, especially in the EU, 

Russia, Ukraine and Turkey, will add to the downward pressure on international 

sunflower prices (ARC, 2017). These trends are projected to follow a similar trend 

until 2021 (ARC, 2017). 

In South Africa, due to the durability of sunflower in 2015/2016, the late planting 

window, relative to maize and drought situations, increased the area under sunflower 

production by 25% in the severely drought-affected 2015/2016 season (ARC, 2017). 

The CEC (2018) revised the 2017/2018 area forecast for sunflower seed at 584 900 
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ha, which is 8.00% or 50 850 ha less than the 635 750 ha planted the 2016/2017 

season. The 2017/2018 production forecast for sunflower seed is 761 000 tonnes 

(Figure 1.8), which is 148 000 tonnes less than the 909 000 tonnes of the 2016/2017 

season (CEC, 2018). The expected yield is 1.25 t/ha (CEC, 2018). The total 

consumption forecast for 2018 is 874 000 tonnes, which is 159 000 tonnes more 

than the previous year, as seen in Figure 1.9. 

The ARC (2017) states that the production and crushing demand for sunflower is 

expected to remain in a fine balance until 2026, with imports of around 20 000 

tonnes projected by 2026. This organisation further mentions that net exports are 

expected in 2017 because of a temporary surplus stock of sunflower; therefore, the 

sunflower price may trade closer to export parity. The ARC (2017) further suggests 

that net imports are expected to remain positive, but less 10% of the crush demand, 

and so prices are projected to trade between import and export parity levels, largely 

derived from the prices of sunflower oil and meal. 

 

Figure 1.9: Sunflower total production and consumption in South Africa 2005–

2018 

Source: CEC (2018) and SAGIS (2018) 

The total 2018 forecasted consumption is an estimated 874 000 tonnes. Figure 1.10 

shows 98% or 860 000 tonnes of total forecasted consumption is used for oil and oil 
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cakes, while 1% or 8 880 tonnes are used for seed and feeds. The remainder 1% or 

4 700 tonnes is for other uses. 

 

Figure 1.10: Layout of total sunflower consumption in South Africa 2017/2018 

Source: SAGIS (2018) 

In conclusion, the shift from a regulated agricultural market to a free agricultural 

market in South Africa has had an increasing impact on price volatility in the 

agricultural market. This price volatility is driven by supply challenges and also by 

other macro-economic factors. Maize, sunflower seed and soya bean added 61.14% 

gross value to the South African field crops industry and showed a 17.91% annual 

growth in 2016/2017. The international market forecasts for the production and 

consumption of maize and soya bean are slightly lower, while sunflower has an 

increased production expectation going into 2018. The South African market forecast 

correlates with the international market in terms of a decrease in expected maize 

production, while sunflower has a decreased production expectation. Soya bean is 

expected to have a higher production volume in the upcoming season. All three of 

the mentioned crops are expecting an increase in consumption in the coming years. 

In this section, it is evident that maize, soya bean and sunflower have a significant 

impact on the GDP and food security of South Africa. Therefore, the production of 

these three crops must be optimised and the risks associated with the production of 

these crops must be minimised. Chapter 2 will look at the Markowitz mean-variance 
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optimisation model as informing a strategy for production optimisation and risk 

mitigation for producers. 

1.3 PROBLEM STATEMENT 

According to Mishra and Morehart (2001), risk in agriculture is extensive because of 

unpredicted climate, economic, biological, and political events, all of which present 

potential threats to farmers. These authors further suggest that farmers are generally 

faced with three types of risks: financial risk, production/marketing risk, and price 

risk. Rădulescu, Rădulescu and Zbăganu (2014) elaborated the point that farmers, 

globally, are exposed to volatile markets for inputs and outputs; hence, price risk is 

major concern. Badenhorst (2019) adds, with regard to farming inputs prices, that 

farmers are mainly price takers. Thus, producers in South Africa have no influence 

on the prices payed for inputs or received for outputs (Badenhorst, 2019). Today, 

only a small number of risk management strategies are available for managing 

increasing risk, and risk is expected to continue increasing in the future (Badenhorst, 

2019). Accordingly, risk management is of crucial importance to farmers 

(Baumgärtner & Quaas, 2010; Finger & Lehmann, 2012). Therefore, this problem 

presents a research opportunity to examine the value of certain risk management 

strategies for mitigating risks for summer grain and oilseed producers in South 

Africa. Production diversification will be researched as the certain risk management 

strategy.  

1.4 RESEARCH QUESTION 

Can summer grain and oil seed producers in South Africa use production 

diversification to mitigate risk?  

1.5 OBJECTIVES 

Main objective: To examine the value of production diversification for South African 

summer grains and oilseed producers, facing volatile market conditions, as a 

strategy for risk mitigation.  

First sub-objective: To furthermore assess the worth of production diversification to 

maximise return and the Sharpe ratio. 
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Second sub-objective: To analyse the optimal production allocation for producers of 

white and yellow maize, sunflower seed and soybean in different regions and 

expected rainfall conditions. These rainfall conditions will be divided into above-

normal, normal and below-normal expected rainfalls and will include the following 

production regions: 

• North-western Free State, 

• the North West, 

• The eastern Free State and  

• KwaZulu-Natal. 

1.6 ASSUMPTIONS 

1) The seasonal production costs for a specific region, as provided by Grain SA, are 

similar for all the producers in that region.  

2) The rainfall data per region represents similar data for all the producers in that 

region; therefore, the assumption is made that all the producers in that region 

received similar amounts of rain.  

3) Daily SAFEX market prices were used for the entire production season; therefore, 

this study assumes that producers have the capability to utilise the market price 

throughout the season through hedging by using derivatives, selling in the spot 

month, or storing product and selling later in season.  

4) The assumption is made that producers in the eastern Free State, north-west Free 

State and North West all have the necessary skills, knowledge and resources to 

diversify production into white maize, yellow maize, sunflower and soya bean. The 

same goes for producers in KwaZulu-Natal who, however, only produce white maize, 

yellow maize and soya bean. 

5) Factors including location differential, transport cost, silo fee, storage cost, margin 

paid or premium received are not taken into account when the return calculation is 

done. 

6) By using the standard deviation as the basis for the expected future risk for the 

commodities included in the study, the assumption is made that the historical 
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commodity price trends will continue with the same behaviour in the future. Note that 

the assumption is made that the commodities are all physical and held on a long 

position by producers, and accordingly none of these commodities can take a short 

position. 

1.7 FRAMEWORK OF THIS STUDY 

The remainder of this study is organised as follows: Chapter 2 contains a discussion 

of portfolio theories, background on the Markowitz’s Modern Portfolio Theory, and 

the applications of this methodology for agricultural produce. Further in this chapter, 

literature is reviewed on the use of diversification as a strategy to manage risk. 

Chapter 3 describes the various datasets used in the study. Chapter 4 provides a 

discussion of the methodology by explaining the assumptions, the statistical and 

mathematical techniques, and the background mathematics utilised. Chapter 5 will 

comprise the results obtained and the recommendations made from the findings. 

Chapter 6 comprises an overall summary and conclusion on the value of production 

diversification as a risk mitigation strategy for summer grain and oilseed producers in 

South Africa. 
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CHAPTER 2: LITERATURE REVIEW 

This chapter provides a discussion of portfolio theories, background on the 

Markowitz’s Modern Portfolio Theory, and the applications of this methodology to 

diversify production. Furthermore, this chapter will examine using diversification as a 

strategy for managing risk and will also investigate the possibility of using 

Markowitz’s Modern Portfolio Theory in agriculture. 

2.1 PORTFOLIO THEORIES IN GENERAL 

Portfolio theories are used to direct investors to select assets that would maximise 

returns and minimise risk. These theories can be classified into two categories, as 

shown in Figure 2.1. 

 

Figure 2.1 Portfolio Theories Categories 

Source: Own compilation 

The traditional approach encompasses three theories. Brown, Goetzmann and 

Kumar (1998) define the first theory, the Dow Theory, as a hypothesis indicating how 

stock markets do not change on randomly, but are affected by three distinct cyclical 

trends that guide their direction. The three distinct cyclical trends are the primary 

movements, also known as the long-term movements (normally one to three years or 

more), secondary reactions, which constitute a restraining force on the primary 
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movements, and minor movements that involve the day-to-day fluctuations in the 

stock markets. These authors further suggest that according to the Dow Theory, 

future exchange prices can be estimated by analysing historical and present price 

trends.  

The second theory, the Random Walk Theory, is contrary to the Dow Theory. Fama 

(1995) explains that the Random Walk Theory involves the behaviour of stock 

exchange prices that are mostly unpredictable, with no relationship between the 

present and future stock exchange prices. The author mentions that a basic 

assumption in the Random Walk Theory is that all information is timely and fully 

disclosed. Therefore, all investors have full information on macro- and micro-

economic factors, and stock prices are instantly adjusted with this information.  

The last theory in the traditional approach is the Formula Plans Theory. Inuiguchi 

and Tanino (2000) define this theory as a mechanical revision technique for enabling 

investors to profit from price changes by buying stocks when market prices are low, 

and selling them when market prices are high. The authors further explain that this 

theory is primarily oriented to achieve loss minimisation, rather than return 

maximisation. 

Modern Portfolio approaches include Markowitz’s Modern Portfolio Theory, also 

known as the mean-variance optimisation model. This theory uses mathematical 

programming and statistical analysis in order to arrange for the optimum allocation of 

assets within a portfolio. The Markowitz Modern Portfolio Theory generates optimal 

portfolios within a reward to risk context. Markowitz developed this theory through his 

research of financial management. The objective of this theory is to use quantitative 

analysis to optimally diversify an investment portfolio in order to minimise risk and 

maximise returns. This theory is essentially a mathematical instrument that can be 

successfully applied in agriculture.  

2.2 OVERVIEW OF MARKOWITZ’S MODERN PORTFOLIO THEORY 

Economist Harry Markowitz’s groundbreaking paper, "Portfolio Selection," introduced 

Modern Portfolio Theory, or mean variance optimisation, in 1952, for which he 

received a Nobel Prize in Economics. This was the beginning of a new chapter in 

modern financial economics. Markowitz was, however, not the first to study the 

https://en.wikipedia.org/wiki/Harry_Markowitz
https://en.wikipedia.org/wiki/Nobel_Memorial_Prize_in_Economic_Sciences


20 
 

benefit of diversification. Bernoulli (1738) was the first to study the advantages of 

diversification, and he reasoned that investors with low risk tolerance would want to 

diversify and recommended them to blend different investment classes into a single 

portfolio.  

Variance was first introduced as a measuring tool for economic risk levels by Fisher 

(1906). Later, Marschak (1938) discussed utilising the mean and the covariance 

matrix in a study as a first order estimate to measure consumer satisfaction. 

Although Marschak supervised Markowitz's dissertation, Marschak never mentioned 

his earlier research on diversification to Markowitz, probably because Marschak felt it 

inadequately related.  

In Markowitz’s Nobel Prize winning autobiography (1991), he mentioned that the 

basic notions of portfolio theory came to him one day while reading John Burr 

Williams’ book on “The Theory of Investment Value”. According to Markowitz (1991), 

Williams provided the first source of the Gordon Growth formula, the Modigliani-

Miller capital structure irrelevancy theory and intensely promoted the dividend 

discount model. Williams did not write about the effects of risk on asset valuation and 

believed that risk could be entirely eliminated by diversification (Markowitz, 1991). 

Markowitz (1952) stated that diversification could reduce risk, but it would not totally 

eliminate it. His paper was the first mathematical formalisation of the idea of 

investments diversification. The author further suggested that, with diversification, 

the volatility of an investment portfolio could be lowered while not changing the 

expected return (Markowitz, 1952). He further suggested that investors should 

construct an investment portfolio to maximise expected return, while minimising 

variance of return.  

According to Rubinstein (2002), the most important part of Markowitz's work was to 

show that it is not an asset’s own risk that is crucial to an investor, but rather the 

contribution that the asset makes to the variance of his/her entire portfolio. The 

author continues by stating that this was primarily a question of its covariance with all 

the other assets in his/her investment portfolio. Beside that of Tobin (1958), the best 

work on portfolio theory between 1950 and 1960 was by Markowitz himself, in his 

1959 book on portfolio selection, which is mentioned by Rubinstein (2002). 

Rubinstein (2002) states that Markowitz’s book on portfolio selection entailed a 
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lengthy and comprehensive development of Markowitz's Modern Portfolio theory or 

mean variance model. This model provided portfolio optimisation, and was written for 

readers with a modest mathematical and quantitative background. 

Rubinstein (2002) states that Markowitz’s approach has been simplified and refined 

in numerous ways, and is even used by ordinary investors to manage their portfolios. 

The author further mentions that rigid extension has led to increasingly refined 

theories of the effects of risk on valuation. Rubinstein (2002) discusses the point that 

the ideas in Markowitz’s 1952 paper have become so intertwined into modern 

financial economics and asset management that they can no longer be separated. 

According to the author, it was an industry-changing work and is still relevant today.  

According to Markowitz’s (1952) Modern Portfolio theory, mean variance analysis is 

defined as a mathematical framework for allocating assets in a portfolio so that the 

expected return is maximised, given a certain level of risk, where ‘risk’ is termed as 

‘variance’. The author further mentioned that the key understanding is that an asset's 

risk and return should not be assessed individually, but by how that asset adds to the 

overall risk and return of a portfolio.  

Mean variance analysis makes the assumption that investors are risk averse, 

proposing that, given two separate portfolios that offer the same expected return, 

investors will prefer the portfolio with the lowest level of risk (Markowitz, 1952). 

Therefore, an investor will take on higher risk only if rewarded by higher expected 

returns. On the other hand, Markowitz (1952) mentioned that an investor who wants 

higher expected returns must accept more risk. The exact trade-off will be similar for 

all investors, according to Markowitz (1952), but different investors will assess the 

trade-off in another way, based on individual risk tolerance characteristics. The 

author further explains that a typical investor will not prefer to invest in a portfolio if a 

second portfolio exists with a more promising risk-expected return.  

Mukherjee (2010) adds to Markowitz to suggest that the core of this theory lies in the 

fact that an investment portfolio variance of return can be decreased by including 

additional assets from various asset classes. The author defined a portfolio simply as 

a combination of investment items, such as securities, assets, or other objects of 

interest. The goal of Markowitz’s Modern Portfolio Theory is to generate optimal 

allocation, through identifying a set of actions or choices that minimise variance (risk) 
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for a certain level of expected returns, or maximise expected returns, given a level of 

variance (risk) (Mukherjee, 2010). 

The Modern Portfolio approach, specifically the Markowitz Modern Portfolio Theory, 

has various shortcomings, as mentioned by Beyhaghi and Hawley (2013). Firstly, the 

theory implies that it is possible to select assets which are not correlated to one 

another. Mangram (2013) elaborates on this by proving that, at times, seemingly 

uncorrelated assets do not act/react independent of each other. The ‘efficient market 

hypothesis’ is the second shortcoming, and this hypothesis is increasingly being 

challenged because of the existence of information asymmetry, insider trading, etc. 

Thirdly, the concept of rational investors is being challenged by behavioural 

economists, according to whom investors do not always behave rationally (Beyhaghi 

& Hawley, 2013). Fourthly, there is no concept of a risk-free asset, as assumed by 

this theory, in the real world, since all assets carry some amount of inherent risk. 

Mangram (2013) also mentions that it is frequently observed that the returns in 

equity and other markets are not normally distributed, as assumed by this theory, 

and that a large amount of input data is required for calculation. Notwithstanding 

these challenges, the Markowitz Mean-variance optimisation theory is still one of the 

most important and influential economic theories that currently deal with finance and 

investment. 

Mukherjee (2010) has stated that, although the Markowitz Modern Portfolio Theory 

was developed for financial assets, the theory can be applied to various settings, 

specifically when choices are made under conditions of uncertainty. Accordingly, this 

theory can be used in agricultural crop selection and production allocation. It is clear 

that Modern Portfolio Theory is an appropriate method to use to optimise production 

diversification for summer grain and oilseed producers in South Africa. The next 

section will further elaborate on the application of this theory in agriculture 

production. 

 

2.3 MARKOWITZ’S MODERN PORTFOLIO THEORY IN AGRICULTURE 

The application of Markowitz Modern Portfolio Theory in agriculture has been 

thoroughly researched, and especially regarding the use of this theory for optimal 
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allocation of land. Since 1950, agricultural economists have recommended various 

portfolio theories to answer the land allocation problems that agricultural producers 

face. Heady (1954) conducted one of the first studies on applying linear 

programming for decision making in agricultural settings. However, Freund (1956) 

was the first to research the application of Markowitz Modern Portfolio Theory to crop 

planning and production. Freund (1956) defined the price risk for agricultural 

producers as the volatility of the producers’ returns, which is measured by the 

variance of returns. This implies the use of quadratic programming to identify the 

optimal crop patterns and planting allocation (Freund, 1956).  

Hazell (1971) differed from Freund (1956) by using the mean absolute deviation to 

measure risk, instead of the variance. Hazell (1971) stated that the problems 

coupled with crop production are similar to a linear programme problem. Beneke and 

Winterboer (1973) wrote one of the first books on utilising linear programming for 

agriculture. Collins and Barry (1986) and Turvey, Driver and Baker (1988) also 

researched the Markowitz Modern Portfolio Theory in agricultural planning by using 

single index portfolio models. Numerous authors, including Newbery and Stiglitz 

(1981), Schaefer (1992), Hardaker, Huirne, Anderson and Lien (2004), Hazell and 

Norton (1986) and Blank (2001), have utilised or applied variants of the Markowitz 

Modern Portfolio Theory to agricultural land allocation decisions. Since 2000, 

simulation models that are based on this theory have also been used on an 

agricultural level to measure the economic effects of numerous agricultural policies, 

as noted by Rădulescu et al. (2014).  

Nalley and Barkley (2010) applied Markowitz Modern Portfolio Theory for selection 

decisions regarding wheat cultivars to mitigate risk, while holding yields stable. The 

authors strove to improve stable wheat yields in low-income nations. Nalley and 

Barkley (2010) motivated the argument that agricultural producers in both high-

income and low-income nations normally select cultivar combinations based on 

average yields, descriptions and intuition. The authors showed that this typical 

school of thought possibly ignored an important aspect, the covariance between 

cultivars. Numerous agricultural consulting agencies offer packages that allow 

producers to select cultivars and optimum seeding rate recommendations, seeding 

date range, seedbed preparation and drill width (Nalley and Barkley, 2010). 

However, according to Nalley and Barkley (2010), a critical gap in these 
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recommendations is present and could be the most important recommendation of all. 

This critical gap involves a recommendation on which cultivars to plant to diversify 

optimally, namely, to achieve production diversification.  

Nalley and Barkley (2010) stated that production diversification, whether by cultivar 

or by crop diversification, can be beneficial to producers. This can potentially 

increase yields and yield stability. Nalley and Barkley (2010) used data that was 

based on Mexico's Yaqui Valley and used the Markowitz Modern Portfolio 

methodology. Their research provided producers with a recommendation guideline of 

cultivar selection, given a desired risk tolerance. Their study’s results advised that 

planting a diversified portfolio of wheat cultivars could have lowered yield variance 

(risk) by 22% to 33%. This optimally diversified portfolio also showed an increase 

yield of 1% to 2% per acre, while holding yield variance stable at annual levels, in 

Mexico's Yaqui Valley region.  

A similar study was done by Marko, Brdar, Panic, Lugonja and Crnojevic (2016), 

where the Markowitz Modern Portfolio Theory was used for the selection of soya 

bean cultivars to maximise yields. The authors forecasted the yield of different soya 

bean cultivars by using a weighted histogram regression and comparing their 

method to conventional regression algorithms. Their results indicated that portfolio 

optimisation increased the portfolio yield more than 15 times. This was compared 

with where only the single most favourable cultivar was produced. This motivates the 

value of production diversification and optimal selection, when compared with single 

crop production. 

The Markowitz Modern Portfolio Theory has also been used for production 

diversification and crop selection in other studies, including that by Toledo and 

Engler (2008), who analysed the risk preferences of small raspberry producers and 

the production function associated with their production system in the Bio-Bio region 

of Chile. Also using this theory, Gemech, Mohan, Reeves and Struthers (2011) 

examined the benefits for coffee producers in managing their price risk by hedging in 

the market, which would lead to efficient resource allocation in coffee production. 

Applications of the Markowitz Modern Portfolio Theory to conservation of biodiversity 

were studied in Figge (2004).  
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2.4 MANAGING RISK THROUGH DIVERSIFICATION 

According to Baumgärtner and Quaas (2010) and Roberts (2005), agricultural 

producers can use three major strategies to hedge their risk. The first is to diversify 

their production portfolio and to enhance crop diversity. The second is to use risk-

reducing practices, such as irrigation, and the third strategy is to buy insurance. 

Rădulescu et al. (2014) add several other instruments for mitigating price risks, such 

as hedging through the use of futures or option contracts, insurance and the use of 

different strategic positions. These strategic positions included vertical supply chain 

diversification, the aggregation of products, and certificates of origin to guarantee 

value (Rădulescu et al., 2014).  

Agricultural producers can utilise production diversification in three different 

approaches, according to Rădulescu et al. (2014). According to the authors, the first 

and most common approach is diversification within production (production 

diversification or crop diversification). This approach was derived from an aspect of 

the Markowitz Modern Portfolio Theory that was developed for the financial asset 

markets (Rădulescu et al., 2014). Production diversification is useable by any 

producer with basic knowledge of cultivating more than one product or crop. This 

includes small- or large-scale producers. The aim of production diversification is to 

mitigate variance in returns obtained by participating in different crop production 

practices (Rădulescu et al., 2014). Production diversification will be most successful 

when these crops returns have low or even negative levels of correlation (Rădulescu 

et al., 2014).  

The second diversification approach, namely location diversification, is defined as 

producing on two or more areas that are geographically separated (Goland, 1993). In 

practice, this approach is not widely used because operations on different locations 

constitute an infeasible option for certain producers, according to Nartea and Bany 

(1994). Under location diversification, a producer is required to scatter crop 

production across locations; however, these locations need to be distanced apart to 

have low levels of correlation in case of weather extremes (Rădulescu et al., 2014). 

Location diversification aims to reduce yield variance; therefore, this approach can 

be used by producers specialising in single crop production at various locations.  
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The third and last approach, namely cultivar diversification, is a form of temporary 

diversification. The approach incorporates features of both of the other diversification 

approaches (Rădulescu et al., 2014). The aim of cultivar diversification is to have 

fractions of the total planted available land (either scattered or contiguous) reach the 

harvest period at different times throughout the year, as mentioned by Park and 

Florkowski (2003). Rădulescu et al. (2014) add that cultivar diversification focuses on 

choosing cultivars of a single crop with low correlation in their growth schedules. 

Therefore, according to Rădulescu et al. (2014), producers can mitigate average 

yield variability by decreasing the exposure to weather risk (an aspect of location 

diversification) and increase average returns and/or decrease return variance by 

being able to sell output in more than one market season (similar to production 

diversification). Although production diversification complicates both production and 

marketing practices, it can increase returns or mitigate price risk exposure.  

Blank, Carter & McDonald (1997) found, by means of a survey, that the majority of 

farmers in California use some type of diversification strategy to mitigate risk, while 

only a few producers use financial risk management instruments. The study stated 

that only 23.4%, 6.2%, and 24.4% of farmers in the California used hedging, forward 

contracting and crop insurance, respectively, to manage risk. Therefore, Blank et al. 

(1997) suggest that these tools may be ineffective. However, farmers in this survey 

mentioned that production diversification is an easy strategy to implement and is 

effective for managing risk. Blank (1990) supported this view in an earlier study, 

where the author showed that there was an optimal amount of crop diversification 

among crop portfolios, and that this risk management strategy was always preferable 

to specialisation. 

Production diversification provides the farmers with a wider choice in the production 

of a variety of crops in a given area, so as to expand production-related activities on 

various crops and also to decrease the possible risk. Crop diversification is generally 

viewed as a shift from traditionally grown, less remunerative crops to more 

remunerative crops (Ashok & Maheswar, 2016). There are several types of 

production diversification, ranging from crop production to livestock production. 

Farmers have to decide “how much diversification is enough” to capture most of the 

potential gains from expanding their enterprise mix (Rădulescu et al., 2014). The 

effects of crop production diversification are reflected in the relationship between 
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absolute risk levels and the number of crops included in a portfolio. They are 

expected to be similar to those for stock market portfolios. Rădulescu et al. (2014) 

mentioned that risk is reduced significantly as additional assets are added to a single 

product portfolio. In other words, risk reduction may be largely achieved by including 

several assets in a portfolio. This means that adding another crop to an existing 

rotation or creating an entirely new portfolio may be an effective risk management 

strategy. 

The application of portfolio theory for conceptualising crop selection decision is well 

demonstrated by Barkley and Peterson (2008), while working on the selection of a 

wheat variety for Kansas. Barkley and Peterson (2008) found that variety portfolios 

could enhance profits and lower yield risk for wheat producers in Kansas. The 

portfolios take advantage of differences in how wheat varieties perform under 

different growing conditions. According to Barkley and Peterson (2008), growing 

conditions such as rainfall and temperature are not known prior to planting, and so 

variety diversification could result in positive economic benefits to Kansas wheat 

producers. The foundation of portfolio analysis, whether it is applied to financial 

investments or wheat variety decisions, or any other decision under risk, is the 

interrelationship, or covariance, between possible investments (Barkley & Peterson, 

2008). The variability of individual variety yields, and the relationship between variety 

yields, had major agronomic and economic implications for the Kansas wheat 

industry (Barkley & Peterson, 2008). To conclude, the results of their study indicated 

that a carefully selected portfolio of wheat varieties constituted a major risk-reducing 

strategy for Kansas wheat producers (Barkley & Peterson, 2008). 

2.5 POSSIBILITY OF APPLYING MARKOWITZ MODERN PORTFOLIO 

THEORY IN AGRICULTURE 

CERES is a crop simulation model that was developed by Johnson, Adams and 

Perry (1991), and this model was linked to a dynamic optimisation model in order to 

calculate the optimal application of water and fertiliser for the maximum gross margin 

in yields. Zekri and Herruzo (1994) used a crop simulator model in combination with 

a mixed multi-objective programming model to measure the effects of increasing 

nitrogen prices and water drainage reduction. Similarly, Annetts and Audsley (2002) 
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presented a linear programming model with multiple objectives that allows the 

maximisation of return and ecological outcomes.  

A method developed by Nidumolu et al. (2007), the Multiple Goal Linear 

Programming (MGLP), has been successfully applied to crop planning. The MGLP 

model considers the objectives of multiple stakeholders, i.e. different farmer groups, 

and agricultural scientists for agricultural land use analysis. The MGLP analysis 

focuses on crop selection of irrigated and non-irrigated crops, such as rice, 

sugarcane, sorghum, cotton, millet, pulses and groundnut, and investigates the 

interests of the most important stakeholders, farmers, policy makers and water 

users’ associations.  

Collender (1989), Reeves and Lilieholm (1993), and Romero (1976; 2000) studied 

numerous portfolio theories (including Markowitz Modern Portfolio Theory) that are 

used to allocate resources in agriculture, while taking into account certain risks. 

Portfolio theories that include producer decisions and climate change were studied 

by Lewandrowski and Brazee (1993). In Rafsnider, Driouchi, Tew and Reid (1993), a 

mean variance optimisation analysis was applied, using Markowitz Modern Portfolio 

Theory, to recognise minimum-risk crop portfolios for a group of farmers. Fafchamps 

(1992) researched a portfolio optimisation/crop selection model, similar to Markowitz 

Modern Portfolio Theory, to determine when the returns of individual crops are 

correlated with consumption prices. In Roche and McQuinn (2004), the authors 

studied optimal land allocation in a mean variance sense. The authors used 

Markowitz Modern Portfolio Theory to investigate the probable consequences of the 

land allocation decision. This decision was part of the Common Agricultural Policy 

reform proposed by the 2002 European Union Commission, this policy change was 

related to decoupled payments.  

2.6 CONCLUSION  

Because of the ability to apply Markowitz’s Modern Portfolio Theory to agriculture, 

and because numerous studies have shown successful applications of this theory in 

agriculture, Markowitz’s Modern Portfolio Theory is considered to be the Portfolio 

Theory approach that best suits this study, and accordingly it will be further 

researched in this chapter. The literature review indicated the research potential of 
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examining production diversification as a risk mitigation strategy for producers in 

South Africa. Although the literature review identified numerous risk management 

instruments, this study will focus solely on production diversification. The reason that 

production diversification only is to be investigated is that the literature suggest this 

is an important and comprehensive risk management strategy for agricultural 

producers. The literature also strongly advocates Markowitz’s Modern Portfolio 

Theory as being the standard portfolio theory approach to adopt in the agricultural 

producer’s industry. Furthermore, the value of production diversification for mitigating 

risk for South African grain producers, by using Markowitz Modern Portfolio Theory 

as methodology, has not been excessively researched.  
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CHAPTER 3: DESCRIPTION OF THE DATA 

Chapter 3 sets out a description of the various datasets used in this study. For the 

purposes of this chapter, the data, the sources and the factors that influence the 

selection of data, and how the selection of data is influenced by the mathematical 

and statistical analysis of this study, will be examined. This chapter consists of four 

distinct datasets, namely commodity price data, commodity production cost data, risk 

free rate data, and rainfall data. These four datasets will also be the basis of the four 

sections in this chapter.  

3.1 COMMODITY PRICE DATA 

In the selection process, the goal was to find price data of agricultural commodities in 

the South African market. The JSE (Johannesburg Stock Exchange Limited) is the 

oldest existing and largest stock exchange in Africa (JSE, 2018). The JSE equity 

derivatives market, formerly SAFEX (The South African Futures Exchange), was 

started in 1988 to provide an efficient and secure exchange market for trading 

derivatives in Southern Africa (JSE, 2018). In 2009, the JSE’s Agricultural Products 

Division expanded its commodity product range from South African grains, which are 

all physically settled, to a range of commodities that are all cash settled off a foreign-

referenced underlying market (JSE, 2018). According to the JSE (2018), the division 

was rebranded to become the JSE’s CDM (Commodity Derivatives Market).  

The CDM provides an efficient and effective mechanism for the management of price 

risk for grain markets in South Africa (JSE, 2018). The CDM acts as centralised 

facility where buyers and sellers meet and transactions are guaranteed through the 

CDM clearing structure (JSE, 2018). This formal exchange enables futures prices to 

be discovered through a continuous worldwide flow of information that influences 

both the current and future supply and demand expectations of the buyer and seller 

(JSE, 2018). By being linked to the cash (spot) market, the price discovery process 

in the futures markets ensures the determination of prices in both markets (JSE, 

2018). The term ‘derivatives’ is normally used to refer to a group of instruments that 

derive their value from the value of some underlying asset, such as a share, 

commodity, interest rate or currency. Forwards, futures, swaps and options are 

examples of derivative instruments and these are widely used for hedging or 



31 
 

speculative purposes. Futures and options are the only formal exchange derivatives, 

and therefore the only derivatives used on the CDM (JSE, 2018). 

The JSE (2018) defines a futures contract (agricultural or commodity) as a 

standardised, transferable, exchange-traded contract that requires delivery of a 

commodity, at a specified price, and on a specified future date. A futures contract 

implies an obligation to buy or to sell. An option provides the right, but not the 

obligation, to buy (call option) or sell (put option) an agricultural futures contract at a 

specified price by a specified date (JSE, 2018). Buyers hold the rights, but no 

obligations, to buy or sell an underlying agricultural futures contract at a specific 

price (JSE, 2018). Writers (also called option sellers) assume obligations to buy or 

sell an underlying futures contract at a specific price if the option is exercised by the 

buyer (JSE, 2018). 

The JSE offers derivatives on a wide range of local and international agricultural 

commodities. The JSE (2018) offers future contracts on the following agricultural 

products: 

• White Maize - Standardised contract of WM1 ~ 100 metric tons 

• Yellow Maize - Standardised contract of YM1 ~ 100 metric tons 

• Wheat - Standardised contracts of B1, B2, B3 ~ 50 metric tons 

• Soya Beans - Standardised contracts of class SB ~ 50 metric tons 

• Sunflower Seed - Standardised contracts of FH South African Origin ~ 

50 metric tons 

• Corn - Standardised contracts of the underlying derivatives contracts as 

traded on the Chicago Board of Trade (CBOT) 

• Sorghum - Standardised contract of GM1 ~ 30 metric tons. 

 

This study will use the future contract prices of the above-mentioned agricultural 

products listed on the JSE as a source of present and historical data. Of the seven 

above-mentioned commodities, only four commodities met the criteria and were 

therefore selected, and these commodities comprise yellow maize, white maize, 

soybean, and sunflower.  



32 
 

The selection criteria consisted of: 1) it must be a summer grain or oilseed crop; 

2) daily historical price data available from the 2002/2003 production season until the 

2016/2017 production season; 3) accurate historical production cost data available 

from 2002/2003 to 2016/2017 seasons for the regions mentioned in Section 3.1.2; 

and 4) accurate historical rainfall data available from 2002/2003 until 2016/2017 

(Section 3.12). The purpose for the first criterion is to apply production diversification 

for crops that are produced at the same time of year, thus indicating summer time 

grain and oilseed crop. The purpose for the second and third criteria is to employ 

historical daily price and historical production cost data in order to calculate the 

returns. The fourth criterion is included as it will identify years of under- or above-

average rainfall per region, which will further contribute to the recommendations 

being made out of this study. The reason for the data time frame of 2002/2003 to 

2016/2017 is to gather enough observations to obtain significant results for the 

empirical research section of this study. In addition, soya bean future contracts were 

first listed in 2002, and to compare historical prices of the four crops, a similar time 

frame has to be applied for all four crops. According to Grain SA (2018), the summer 

grain production season is from May, Year 1, until April, Year 2. Thus, for the 

remainder of this study, the term ‘production season’ will comprise a 12-month 

season stretching from May to the April of the following year. 

The historical price data of yellow maize, white maize, soybean and sunflower were 

obtained from the South African Grain Information Service (SAGIS). SAGIS compiles 

historical data of numerous commodities on one website, using the JSE as the main 

sources (SAGIS, 2018). The nearby hedging months’ future prices were used to 

obtain the daily price data of yellow maize, white maize, soybean and sunflower. 

These standard hedging months are March, May, July, September and December 

(JSE, 2018). For example, to obtain the average price of white maize on 3 January 

2002, the average price of March (hedging month) white maize was used. The 

March future was used for the reason that it is the nearest standard hedging month. 

This method was consistently used for all four the commodities of the entire period. 

These prices are the daily average prices, given in ZAR per ton format.  
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Figure 3.1: Average daily market prices of yellow maize, white maize, 

sunflower and soybean 

Source: SAGIS (2018) 

It is evident that the market prices of yellow and white maize are strongly correlated, 

as seen in Figure 3.1. There are numerous reasons for this correlation between 

white and yellow maize; firstly, white and yellow maize are homogeneous products, 

thus, white maize has essentially the same physical characteristics and quality as 

yellow maize does and can therefore be used as a substitute SAGIS (2018). 

Secondly, the local white and yellow maize prices are derived from the same 

international price (USA No. 2 Yellow); hence, the small differences in the yellow and 

white maize prices are caused by supply and demand factors (SAGIS, 2018). South 

Africa is one of very few countries that produce white maize mainly for human 

consumption, with the general yellow maize being used for animal feeds (SAGIS, 

2018). Thirdly, the production cost is also strongly correlated and near equal for both 

the production commodities. The explanation for production costs is set out in the 

following section (Section 3.2). Sunflower and soybean market prices, on the other 

hand, have been much higher than those for maize, especially from 2007 onwards. 
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This is mainly attributed to the expensive production costs involved to produce 

sunflower and soybeans (see Section 3.2). 

3.2 COMMODITY PRODUCTION COST DATA 

Production cost refers to the total capital required for the production of a specific 

quantity and quality of output (McConnell, Brue and Flynn, 2009). These authors 

further suggest that production costs in agricultural economics involve the 

expenditures needed to acquire production factors (land, capital, labour and 

management) needed to produce a commodity.  

Production budget reports are provided by Grain SA per region and consist of an 

average production cost framework for numerous crops within the particular region. 

The North West, north-west Free State, east Free State and KwaZulu-Natal regions 

were the chosen because these regions had the necessary production cost data for 

the four crops selected in section 3.1.1, and dated historically from 2002 to 2017, as 

required for this study. The differences between the north-west Free State and the 

east Free State are illustrated in Figure 3.2. Goldfields, Xhariep and Motheo do not 

form part of these two regions. 
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Figure 3.2: Free State regions 

Source: Global Africa Network (2018)  

The budget reports are a producer price framework for dry land maize, sunflower 

and soybean for specific production seasons, ranging from 2002/2003 to 2016/2017. 

According to Grain SA (2018), the production costs for yellow and white maize are 

identical, and will therefore be simply termed as ‘maize production cost’.  
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Grain SA (2018) calculates the total production cost per hectare (ha) as follows: 

 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 ℎ𝑎 = 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐶𝑜𝑠𝑡 + 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 (3.1) 

Where: 

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐶𝑜𝑠𝑡: Sum of seed; fertiliser and lime; weed control; pest control; fuel; 

repairs and parts; crop insurance; casual labour; permanent labour; 

licence and insurance; marketing cost; drying and cleaning; 

packaging material; interest on production credit; contract work; and 

other cost. 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑐𝑜𝑠𝑡: Machinery and equipment (Depreciation interest); Fixed 

improvements (Interest and depreciation); Repairs and maintenance. 

Grain SA (2018) calculates total production cost per ton as follows: 

 
𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 (𝑡𝑜𝑛) =  

𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 (ℎ𝑎)

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑 𝑓𝑜𝑟 𝑡ℎ𝑎𝑡 𝑦𝑒𝑎𝑟
 (3.2) 

This calculation is the same for all four selected crops in all four selected regions. 

The total cost in (2) is ZAR/ton amount.  

Figures 3.3 to 3.5 illustrate the total production cost in each region from the 

2002/2003 to the 2016/2017 production seasons. According to Grain SA (2018), the 

total production cost for yellow and white maize are the same, thus showing just 

maize total production cost in each region.  
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Figure 3.3: Total production cost per ton in north-west Free State from 2002/03 

to 2016/17 

Source: Grain SA (2018) 

Figure 3.3 displays the increase in total production costs of all three crops from the 

2013/2014 to 2015/2016 seasons. The increase in total production cost for seasons 

2013/14 to 2015/16 was attributed to a decrease in yields (see Figures 1.6, 1.7 and 

1.9). The inverse relationship between yield and total production cost per ton is the 

reason for this, as mentioned in Equation (2). 
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Figure 3.4: Total production cost per ton in east Free State from 2002/03 to 

2016/17 

Source: Grain SA (2018) 

The total production cost per ton in the east Free State is closely correlated with that 

of the north-west Free State region (see Figure 3.4), which was expected because of 

the close geometrical settings. In the 2016/2017 season, the soya bean total 

production costs per ton were close to identical in the north-west Free State and east 

Free State regions, being R 5 117.12 and R 5 058.97, respectively. The total 

production cost for maize in north-west Free State and east Free State regions were 

also close to equal, while sunflower costs R 931.57 more to produce in east Free 

State that in north-west Free State (east Free State = R 4 203.72 and north-west 

Free State = R3 272.15). 



39 
 

 

Figure 3.5: Total production cost per ton in NW from 2002/03 to 2016/17 

Source: Grain SA (2018) 

In Figure 3.5, a downwards spike is evident for the total production cost of maize and 

sunflower in the 2013/2014 season and is attributed to above-average yields for 

maize and sunflower production, thus decreasing the total production cost per ton in 

NW for the 2013/2014 season, by virtue of the above-average yields. Moreover, the 

NW is the only region where soya bean total production cost per ton is greater in all 

seasons, compared with maize and sunflower total production cost per ton. 
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Figure 3.6: Total production cost per ton in KwaZulu-Natal from 2002/03 to 

2016/17 

Source: Grain SA (2018) 

No sunflower was produced in the KwaZulu-Natal region, as seen in Figure 1.5, 

which explains the absence of the production cost for sunflower in KwaZulu-Natal 

(Grain SA, 2018). Furthermore, Figure 3.6 shows that maize and soya bean total 

production costs per ton are closely correlated. The reasons for this might stem from 

numerous factors, such as the rainfall in this region that impacts on the yields of both 

maize and soya bean production, while the capital cost shown in Equation (1) is near 

similar for the production of maize and soya bean. 

3.3 RISK-FREE RATE DATA 

The closing price data of the Johannesburg Interbank Agreed Rate (JIBAR) three-

month rate from 2003 to 2017 was the third dataset collected from the INET BFA 

database. In the South African financial markets, the JIBAR is used as a meeting 

instrument for short-term interest rate movements. JIBAR represents the average 

return on bankable negotiable certificates and is deducted independently from 

quotes from a number of banks for one-, three-, six- and twelve-month terms (JSE, 

2011). The three-month JIBAR rate is usually used as a criterion and is quoted as a 

rate. The three-month JIBAR futures contract is quoted on a price basis. The 



41 
 

standard size contract is ZAR 100 000 and the contract value changes with a fixed 

amount of ZAR 2.50 per base point (0.01 per cent) per contract. 

The term contract has 12 standardised expiry dates on March, June, September and 

December, which last eight quarters, plus the next four months, so that the six 

months are available for trading (JSE, 2011). The term contract is cash settled, with 

the final settlement rate being equal to the three-month JIBAR fixed rate by maturity 

date (JSE, 2011). Botha (2007) and Favre-Bulle and Pache (2003) have 

recommended using the JIBAR three-month rate as an appropriate risk-free rate 

proxy in portfolio management. The JIBAR three-month rate is used as the risk-free 

rate of return in the Sharpe ratio calculations (see Chapter 4). A risk-free rate of 

return is a fictional rate that investors can anticipate from an investment without risk, 

even though a truly safe risk-free investment only exists in theory (Botha, 2007).  

3.4 RAINFALL DATA 

The South African rainfall background and climate must first be reviewed to fully 

understand the rainfall data that were used. According to South Africa Weather 

Service – SAWS (2018), South Africa rainfall climate varies greatly year to year. 

Since 1960, the seasonal rainfall has demonstrated wide fluctuations in contrast to 

the long-term mean. According to SAWS (2018), between July 1960 and June 2004, 

there had been eight summer-rainfall seasons where rainfall for the entire summer-

rainfall area had been less than 80% of normal. A deficit of 25% is normally regarded 

as a severe meteorological drought. However, it can be assumed that a shortfall of 

20% from normal rainfall will cause water shortfalls and drought stress on crops, 

therefore leading to social and economic hardship (SAWS, 2018). 

SAWS (2018) further state that the entire south-western and southern South Africa 

regions rely on summer rainfall. Summer rainfall normally falls between October and 

March. Rainfall is higher in the east of South Africa, and declines westward (SAWS, 

2018).  

The effect of summer rainfall being limited to six months of the year is that most 

crops can only be grown during these six months (SAWS, 2018). Accordingly, the 

restoring of ground water levels is also constricted to these six months. Seasonal 

rainfall that is below normal leads to poor crop yields and dangerously low ground 
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and dam water levels. This was evident in the periods 1964 to 1970, 1991 to 1995, 

2002 to 2005, and 2015 to 2016, where below-normal rainfall conditions occurred in 

swift succession. According to the SAWS (2018), the 2015 drought, which was 

attributed to the extreme weather system known as El Niño, was the worst 

occurrence in South Africa since 1982. Sihlobo (2014) has mentioned that summer 

crops and livestock farming suffer the hardest during a drought.  

Some farmers utilise irrigation systems to decrease the risk of drought during 

planting seasons, but according to Grain SA (2018), 90% of all summer grain and 

oilseed crops are planted on dry land. Therefore, 90% of all summer grain production 

heavy relies on natural rainfall, and this study measures the efficiency of production 

diversification as a risk mitigation strategy for summer grain and oilseed producers 

who plant on dry land. Moreover, this study provides a production allocation 

recommendation for each rainfall scenario for producers in various regions.  

Low rainfall conditions also bring about high temperatures and cloud-free skies. The 

effect of high temperatures is an increase in evapotranspiration and stress on crops, 

while depleting surface water reserves through means of evaporation (SAWS, 2018). 

However, the most serious impact, other than depleting water supplies, is the effect 

on crops produced for human consumption and commercial crops (SAWS, 2018). In 

1992/1993, undoubtedly one of the most severe droughts from 1950 to 2018, maize 

was imported into South Africa (as well as the rest of southern Africa). Adding to this, 

the 2015 drought left more than 2.7 million households facing water shortages 

across the country (SAWS, 2018). The spill-over effect of a failed harvest attributable 

to drought could be seen in farm labour lay-offs, farm liquidations, and an increase of 

total debt in the agricultural industry (SAWS, 2018). 

Rainfall in South Africa is measured by the South Africa Weather Service (SAWS). 

Pursuant to a request made to the SAWS, details of the monthly rainfall data (in mm) 

were received. The rainfall data details received were set out according to provinces 

in South Africa, from 2002/2003 to 2016/2017. The rainfall season is calculated from 

August to April, with the assumption that 20% of rainfall during May to July form part 

of the next season's plant-available water (Grain SA, 2018). Therefore, the rainfall 

per season calculation is shown in (3.3): 
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 𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙 𝑝𝑒𝑟 𝑠𝑒𝑎𝑠𝑜𝑛 = [𝑚𝑚 𝑟𝑎𝑖𝑛 𝐴𝑢𝑔𝑢𝑠𝑡 (𝑌𝑒𝑎𝑟 1)𝑡𝑜 𝐴𝑝𝑟𝑖𝑙 (𝑌𝑒𝑎𝑟 2)] 

+[20% × 𝑚𝑚 𝑟𝑎𝑖𝑛 𝑀𝑎𝑦 𝑡𝑜 𝐽𝑢𝑙𝑦 (𝑌𝑒𝑎𝑟 1)] (3.3) 

The time frame for the rainfall data runs from May 2002 to April 2017. Only rainfall 

data in the North West, Free State and KwaZulu-Natal provinces will be used, as the 

four selected regions (as mentioned in section 3.1.2) fall into these provinces. Details 

of the east Free State and north-west Free State rainfall data were requested to gain 

more-specific rainfall data for these two regions in the Free State, but the rainfall 

data provided from SAWS are only given for a province, and not regions. Therefore, 

the Free State rainfall data will be used for both the east Free State and the north-

west Free State regions.  

By using this rainfall data, the goal is to group each production season (2002/2003 to 

2016/2017) into average, below-average (drought) and above-average rainfall 

categories. This will be done as follows: 

i) Calculating the total rainfall (in mm) for specific production seasons - by 

using (3.1). 

ii) Calculating the average production season rainfall out of all 16 production 

seasons (thus, from 2002/2003 to 2016/2017) (see Figures 3.7, 3.8 and 3.9). 

iii) Calculating below-average rainfall category by subtracting 20%2 of average 

production season rainfall calculated in (ii) (see Figures 3.7, 3.8 and 3.9). 

iv) Calculating above-average rainfall category by adding 20%1 to average 

production season rainfall calculated in (ii) (see Figures 3.7, 3.8 and 3.9). 

v) The results of step one are plotted on graphs (see Figures 3.7, 3.8 and 3.9) 

as well as with lines calculated in steps (ii), (iii) and (iv).  

                                            
2 According to SAWS, a deficit of 25% is normally regarded as a severe meteorological drought, but it 

can be safely assumed that a shortfall of 20% from normal rainfall will cause crop and water 

shortfalls in many regions, accompanied by social and economic hardships, as stated in Section 

3.1.4. 
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vi) Lastly, using steps one to five, production seasons can be grouped and 

categorised in a result table (see Table 3.1) and will be discussed further in 

Chapter 4.  

 

Figure 3.7: Rainfall in North West from 2002 to 2017 

Source: SAWS (2018)  

To summarise, if a production season’s rainfall (data points) are between the below-

average line and the above-average line (see 2004/2005 season in Figure 3.7), that 

production season will be in the average rainfall category. Therefore, if a year’s 

rainfall is under the below-average line (see 2006/2007 season in Figure 3.7), it will 

be in the below-average category. Lastly, if a year’s rainfall is beyond the above-

average line (see 2005/2006 season in Figure 3.7), then that year will be in the 

above-average rainfall category.  
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Figure 3.8: Rainfall in Free State from 2002 to 2017 

Source: SAWS (2018) 

 

Figure 3.9: Rainfall in KwaZulu-Natal from 2002 to 2017 

Source: SAWS (2018) 
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The groupings of each production season into average, below-average (drought) and 

above-average rainfall categories were achieved through using the steps in Section 

3.1.4 for Figure 3.7 to 3.9, and the result obtained is presented in Table 3.2.  

Table 3.2: North West, Free State and KwaZulu-Natal production seasons 

according to average rainfall seasons 

 Rainfall categories: 

Provinces: Below average Average Above average 

North West 
2006/2007; 2011/2012; 

2014/2015 

2002/2003; 2003/2004; 

2004/2005; 2008/2009; 

2012/2013; 2013/2014; 

2015/2016. 

2005/2006; 2007/2008; 

2009/2010; 2010/2011; 

2016/2017 

Free State 2011/2012 

2002/2003; 2003/2004; 

2004/2005; 2006/2007: 

2007/2008; 2008/2009, 

2012/2013; 2013/2014; 

2014/2015; 2015/2016, 

2016/2017 

2005/2006; 2009/2010; 

2010/2011 

Kwa-Zulu Natal 2014/2015; 2015/2016 

2002/2003; 2003/2004; 

2004/2005;2005/2006 

2006/2007: 2007/2008; 

2008/2009; 2009/2010; 

2010/2011; 2011/2012; 

2013/2014; 2016/2017 

2012/2013 

Source: SAWS (2018) 

 

3.5 CONCLUSION 

To conclude, all the data mentioned in Sections 3.1.1 to 3.1.4 were collected and 

analysed for the goal of this study, which is to develop an optimal production 

diversification strategy for a summer grain and oilseed producer in a particular region 

(North West, east Free State, north-west Free State and Kwa-Zulu Natal) who is 

expecting a certain rainfall season (average, below-average or above-average 

rainfall). In Chapter 4, the commodity price data (Section 3.1.1) and commodity 

production cost data (Section 3.1.2) will be used to calculate the daily returns per 

crop, and to further compute average returns and standard deviations using the 
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Markowitz’s Modern Portfolio theory as the methodology. The three-month JIBAR 

yield (Section 3.1.3) is used as the risk-free rate of return in the Sharpe ratio 

calculations that will be done in Chapter 4. The rainfall data examined in Section 

3.1.4 established the categories needed for Chapter 4. Therefore, a mean-variance 

optimisation model will be developed and a scenario for each of the three rainfall 

categories in all four regions will be tested; hence, resulting in 12 scenarios being 

used in one model.  
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CHAPTER 4: METHODOLOGY 

Chapter 2 showed that Markowitz’s Modern Portfolio Theory is applicable for the field 

of risk management in agriculture, especially for reducing price risk through 

diversification. Chapter 2 also showed that the necessary data are available and 

meet the required criteria needed to be used in this theory. This chapter will discuss 

Markowitz’s Modern Portfolio Theory, going further into explaining the assumptions 

of this theory, the statistical and mathematical technique used, and the background 

mathematics.  

 

4.1 ASSUMPTIONS OF MARKOWITZ’S MODERN PORTFOLIO THEORY 

Markowitz’s Modern Portfolio Theory is based on certain assumptions. According to 

Bajeux-Besnainou and Portait, (1998) these assumptions are: 

• Historical relationships between individual commodities will continue in the 

future. 

• Producers are risk averse because they prefer higher returns for a given 

level of risk (standard deviation), or they want to reduce the risk for a given 

level of returns. 

• The degree of risk tolerance can vary from producer to producer. 

• Expected returns, standard deviation and covariance for all commodities are 

known to all producers. 

• The returns of commodities are normally divided so that only returns, 

standard deviation and covariance are needed to obtain the optimal portfolio. 

• There are no transaction costs and no tax. Therefore, pre-tax and post-tax 

returns are the same, so all producers are equal. 

Furthermore, the period used to collect commodities returns will affect the 

results of the analysis (Bajeux-Besnainou & Portait, 1998). 

Using the methodology as verification, Markowitz’s mean variance optimisation 

model will be built in order to ascertain how efficient production diversification is as a 

risk mitigation strategy for summer grain and oilseed producers in South Africa, and 
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further provide them with recommendations of the optimal production allocation, 

given the producer’s required objective.  

4.2 AVERAGE RETURNS AND STANDARD DEVIATION 

This section will expand on how to use Microsoft Excel software to build a multi-

asset investment portfolio that aims to minimise risk, maximise returns, or maximise 

the Sharpe ratio. It will consist of using multiple Excel functions to calculate the 

correlation and covariance between commodity prices and the standard deviation 

(measurement of volatility or risk) of commodities, and the portfolio as a whole. 

Return is the margin earned (as a percentage) on a product after applying the total 

production cost to the revenue earned. To calculated average return, first the daily 

return (profit margin) of each commodity must be calculated from season 2002/2003 

until 2016/2017 (see (4.1)). 

 𝐷𝑎𝑖𝑙𝑦 𝑟𝑒𝑡𝑢𝑟𝑛 =  
𝑀𝑎𝑟𝑘𝑒𝑡 𝑝𝑟𝑖𝑐𝑒 𝐷𝑡−𝐼𝑛𝑝𝑢𝑡 𝑐𝑜𝑠𝑡 𝑆𝑡

𝑀𝑎𝑟𝑘𝑒𝑡 𝑝𝑟𝑖𝑐𝑒 𝐷𝑡
  (4.1) 

where 𝑴𝒂𝒓𝒌𝒆𝒕 𝑷𝒓𝒊𝒄𝒆 𝑫𝒕 is a commodity’s mark-to-market price on the exchange for 

a specific day. 𝑰𝒏𝒑𝒖𝒕 𝒄𝒐𝒔𝒕 is production cost for that season, and 𝑆𝑡 the specific 

production season. Daily return is expressed as a percentage, and a positive 

percentage indicates positive growth in that particular production season, whereas a 

negative percentage indicates negative growth in that particular production season. 

The daily return was calculated for all four commodities in all 16 production seasons. 

Figures 4.1 to 4.4 show the daily return for east Free State, north-west Free State, 

North West, and KwaZulu-Natal. Tables 4.1 to Table 4.4 indicate the average return 

and standard deviation (risk measurement) per crop for these regions. All of this was 

performed on data for the time period from May 2002 to April 2017.  
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Figure 4.1: Daily returns for east Free State 

Source: Own compilation  

Figure 4.1 shows strong correlation of returns between yellow and white maize, as 

expected. Interestingly, soya bean showed high volatility and extreme negative 

returns from March 2006 to April 2007. 

Table 4.1: Average return and standard deviation per crop for east Free State 

  
Yellow 
Maize 

White 
Maize 

Sunflower 
Soya 
bean 

Average return 3,52% 5,51% 10,63% -11,27% 

Standard Deviation 22,92% 27,01% 19,27% 56,16% 

Source: Own compilation  

Analysing Table 4.1, sunflower showed the highest average return and lowest 

standard deviation or risk (see shaded cells). The reason could be one of four. 

Firstly, the ground profile of this region is ideal for sunflower production and requires 

less fertiliser, leading to lower production cost. The second reason could be 

favourable weather conditions, combined with the ideal ground profile in this region 

that leads to higher yields per ha and lower production costs per ton, that give 

benefits from the inverse relationship between production yield per ha and 
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production cost per ton. Thirdly, it could also have been the case that the yields of 

yellow maize, white maize and soya bean where below par for this specific period. 

The last reason could be that the production costs per ha were high, resulting in low 

percentage returns for these crops.  

 

Figure 4.2: Daily returns for north-west Free State 

Source: Own compilation  

The above figure also shows the strong correlation of returns between yellow and 

white maize. All four commodities showed high volatility, with soya bean being the 

most consistent in providing positive returns. 

Table 4.2: Average return and standard deviation per crop for north-west Free 

State 

  
Yellow 
Maize 

White 
Maize 

Sunflower 
Soya 
bean 

Average return 27,87% 29,67% 31,13% 38,42% 

Standard Deviation 18,94% 20,97% 19,18% 14,60% 

Source: Own compilation  

Analysing Table 4.2, soya bean shows the highest average return and lowest 

standard deviation or risk (see shaded cells).  
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Figure 4.3: Daily returns for North West 

Source: Own compilation  

Strong correlations of returns between yellow and white maize are also present in 

Figure 4.3. Yellow maize, white maize and soya bean again showed high volatility 

and noticeable negative returns for extensive periods. 

Table 4.3: Average return and standard deviation per crop for North West 

  
Yellow 
Maize 

White 
Maize 

Sunflower 
Soya 
bean 

Average return -0,96% 1,46% 23,15% -26,42% 

Standard Deviation 43,11% 44,79% 18,76% 29,80% 

Source: Own compilation  

Analysing Table 4.3, sunflower shows the highest average return and lowest 

standard deviation or risk (see shaded cells).  
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Figure 4.4: Daily returns for KwaZulu-Natal 

Source: Own compilation3  

Figure 4.4 also shows strong correlation of returns between yellow and white maize. 

Soya bean showed high volatility, with white maize being the most consistent to 

provide positive returns. 

Table 4.4: Average return and standard deviation per crop for KwaZulu-Natal 

  
Yellow 
Maize 

White 
Maize 

Soya 
bean 

Average return 33,64% 35,42% 32,78% 

Standard Deviation 13,84% 15,42% 15,74% 

Source: Own compilation  

Analysing Table 4.4, white maize shows the highest average return, and yellow 

maize the lowest standard deviation (see shaded cells).  

The three-month JIBAR yield is used as a benchmark rate for the Sharpe ratio. For 

the purpose of this study’ daily three-month JIBAR yields were used to calculate the 

average return for a specific production season (see Figure 4.5). Therefore, the daily 

returns of each commodity, and as a portfolio of each production season, will be 

                                            
3 Note no daily returns for sunflower, because of 0% production of sunflower in this region, according 

to the DAFF (2018), as seen in Chapter 1, Figure 1.5. 
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compared with the three-month JIBAR Yield of the same production season, using 

the Sharpe ratio. 

 

Figure 4.5: Three-month JIBAR Yields from 2002/2003 season to 2016/2017 

Source: INET BFA 

Based on these daily returns, the average season return of each commodity within a 

specific region, grouped in the three rainfall scenarios (See Section 3.4), was 

calculated. This was done by calculating the arithmetic average (or mean) of each 

commodity daily return per season, as shown by following equation. 

 𝐴𝑟𝑖𝑡ℎ𝑚𝑒𝑡𝑖𝑐 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙 𝑟𝑒𝑡𝑢𝑟𝑛 =  
𝜀𝑥

𝑛
  (4.2) 

where 𝜀𝑥is sum of all data values, in this case the sum of all the daily returns per 

commodity in the specified season, and 𝑛 is the number of data items in a sample. 

Equation (4.2) was also used to calculate the 3-month JIBAR Yield average return 

per season. 

The geometric mean approach is another mathematical method that is used to 

calculate averages or means. While the arithmetic average adds, the geometric 

average multiplies items. The geometric average is the average of a set of products 

and defined is as the 𝑛𝑡ℎ root product of 𝒏 numbers, as seen in Equation (4.3). 
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 𝐺𝑒𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑟𝑒𝑡𝑢𝑟𝑛 = (𝑅𝑒𝑡𝑢𝑟𝑛 𝑡1 × 𝑅𝑒𝑡𝑢𝑟𝑛 𝑡2 × … × 𝑅𝑒𝑡𝑢𝑟𝑛 𝑡𝑛)
1

𝑛
  (4.3) 

where 𝑡1time period is one, 𝑡2 time period is two, and thus 𝑛 is the number of items. 

This method is more commonly used for stock prices and other types of assets. 

Section 2.2 suggests that the arithmetic average method is better when commodity 

prices are used. Therefore, in this study, the arithmetic average will be used, going 

forward.  

Standard deviation is also calculated on the same daily return data as previously 

mentioned arithmetic average seasonal returns in Equation (4.2). According to 

Brenner and Subrahmanyan (1988), standard deviation is defined as a statistical 

term that determines the amount of distribution or variability around an average.  

 
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 = √

∑ (𝑥𝑖−�̅�)2𝑛
𝑖=1

𝑛−1
  (4.4) 

where 𝑥 is every value of the daily return data,�̅� is the average of 𝑥 and 𝑛 is the 

amount of daily return data points. 

Brenner and Subrahmanyan (1988) mentioned further that the standard deviation is 

consequently used to measure volatility or risk. These authors note that variability is 

the difference between actual value and average value. Therefore, the greater the 

variability or spread is, the higher the standard deviation will be, and vice versa 

(Brenner & Subrahmanyan, 1988). By using this standard deviation as the basis for 

the expected future risk for these commodities, the assumption is made that the 

historical commodity price trends will continue the same behaviour in the future. 

Therefore, an average seasonal return (4.2) and seasonal standard deviation (4.4) 

are computed for each commodity in all four regions within the three rainfall 

scenarios. All this is done to determine the value of production diversification as a 

risk mitigation strategy. As a result, average seasonal return and seasonal standard 

deviations will form the backbone data on which the model is built to determine this 

value. 
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4.3 CORRELATION AND COVARIANCE 

Correlation is the extent to which returns between two assets (commodities’ daily 

returns in this case) move in the same direction or not (Marx, Mpofu, de Beer, Nortjé 

and van de Venter, 2010). The correlation calculated is known as the correlation 

coefficient, which has a value between minus one (-1) and one (1) (Marx et al., 

2010). Covariance measures the extent to which returns on two commodities’ daily 

returns move in tandem (Marx et al., 2010). A positive covariance implies that asset 

returns move mutually, while a negative covariance implies that asset returns move 

in an inverse relationship. Covariance is calculated by multiplying the correlation of 

two commodities’ daily returns by the standard deviation of each commodity (Marx et 

al., 2010). 

Based on the average seasonal return (4.2) and seasonal standard deviation (4.4) 

data, a covariance matrix can be compiled to ascertain the extent to which the daily 

returns of these commodities moved per season. The covariance matrix is built by 

using Equations (4.5), (4.6), (4.7) and (4.8). Equation (4.5) represents the Column 

vector 

 
𝑋 = [

𝑥1

⋮
𝑥𝑛

]  (4.5) 

In the case that the entries in the vector column are random variables, each with 

fixed deviation, then the covariance matrix 𝜮 is the matrix whose (𝒊, 𝒋) entry is the 

covariance: 

 ∑  
 

𝑖𝑗
= 𝑐𝑜𝑣(𝑥𝑖 , 𝑥𝑗) = 𝐸[(𝑥𝑖 − 𝜇𝑖)(𝑥𝑗 − 𝜇𝑗)] = 𝐸[𝑥𝑖𝑥𝑗] − 𝜇𝑖𝜇𝑗 (4.6) 

where the operator 𝑬 indicates the expected (average) value of the argument, and 

 𝜇𝑖 = 𝐸(𝑥𝑖) (4.7) 

is the expected value of the 𝒊 entry in the vector is equal to 𝑥. Put simply in (4.8), 

 

∑ = [

𝐸[(𝑥1 − 𝜇1)(𝑥1 − 𝑢1)] 𝐸[(𝑥2 − 𝜇2)(𝑥2 − 𝑢2)]

𝐸[(𝑥2 − 𝜇2)(𝑥1 − 𝑢1)] 𝐸[(𝑥2 − 𝜇2)(𝑥2 − 𝑢2)]

⋯
⋯

𝐸[(𝑥1 − 𝜇1)(𝑥𝑛 − 𝑢𝑛)]

𝐸[(𝑥2 − 𝜇2)(𝑥𝑛 − 𝑢𝑛)]
⋮                                   ⋮ ⋱ ⋮

𝐸[(𝑥𝑛 − 𝜇𝑛)(𝑥1 − 𝑢1)] 𝐸[(𝑥𝑛 − 𝜇𝑛)(𝑥2 − 𝑢2)] ⋯ 𝐸[(𝑥𝑛 − 𝜇𝑛)(𝑥𝑛 − 𝑢𝑛)]

] (4.8) 
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4.4 PORTFOLIO AVERAGE RETURN AND STANDARD DEVIATION  

To assess production diversification as a risk mitigation strategy and to provide 

optimal production allocation for producers, the next step is to calculate the average 

return and standard deviation of a portfolio. Each region is divided into a group of 

three rainfall scenarios (see Section 3.4) and within each rainfall scenario group, 

there are different production seasons, as seen in Figure 4.6 Therefore, the three 

portfolios will be optimised individually for each production season. The three 

portfolios are optimised for each of the given objectives mentioned in Section 1.3. 

Figure 4.6 depicts an example of the layout structure that is used.  

 

Figure 4.6: Layout structure 

Source: Authors compilation 

As mentioned in Section 3.4, there are 15 production seasons, starting from 

2002/2003 to 2016/2017, and each of those seasons is separately grouped into a 

rainfall scenario group. Thus, a rainfall scenario group can have anything from 1 to 

15 seasons, and the seasons listed above “X” and “Y” etc. are examples used. Table 

3.2 in Section 3.4 details all the production seasons, grouped into rainfall scenario 

groups per region. 

The calculations of the average return and standard deviation for each of these 

portfolios are displayed in Equations (4.9), (4.10), (4.11) and (4.12). 
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𝜇 = 𝐸[𝑅] = ∑ 𝜇𝑖𝑥𝑖

𝑛

𝑖=1

 (4.9) 

 𝜎2 = 𝑉𝑎𝑟[𝑅] = 𝑖 = 1𝑛𝑗 = 1𝑛𝜎𝑖𝑗𝑥𝑖𝑥𝑗 (4.10) 

 
∑ 𝑥𝑖

𝑛

𝑖=1

= 1 (4.11) 

 𝑥𝑖 ≥ 0, 𝑖 = 1,2, … , 𝑛 (4.12) 

where a portfolio with different commodities 𝑖 is the amount of commodities, 𝑅𝑖 the 

realised return, 𝜇𝑖  the average, 𝜎𝑖
2  standard deviation, and 𝜎𝑖,𝑗 the covariance 

between 𝑅𝑖 and𝑅𝑗. Assume the relative value of the portfolio invests in commodity 𝑖 

is 𝑥𝑖, then 𝑅 is the return on the entire portfolio. 

 

4.4.1 EQUALLY WEIGHTED PORTFOLIO SCENARIO 

The development and results of an equally weighted portfolio will only be used as a 

simplified example and to provide an introduction to how portfolios will be optimised. 

In this case, an equally weighted portfolio will consist of 25% yellow maize (YM), 

25% white maize (WM), 25% sunflower (Sun), and 25% soya bean (Soy).  

An alternative method to calculate the standard deviation of a portfolio is used by 

means of the covariance matrix, starting by assuming a portfolio that consists of 

equal weight in each of the four crops with results in a weight allocation of 25% each, 

thus equating to a 100% for the four commodities. The expected average return of 

the portfolio is then calculated using Equation (4.2). Table 4.5 uses Equation (4.9) to 

multiply the annual average return for each of the four crops according to the crops’ 

respective weight in the portfolio (25% each in this case). 

The standard deviation of this equally weighted portfolio can be calculated by using 

the weights allocated in the portfolio and the covariance matrix (see Equation (4.8)). 

Through the application of Equation (4.10), the standard deviation of this portfolio is 

calculated by multiplying the allocated weights of the four crops by their respective 

covariance, collecting these products for all the crop pairs, and then taking the 
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square root of the total. The standard deviation of the portfolio is portrayed in Table 

4.5.  

Table 4.5: North-west Free State Season 2002/2003 in average rainfall category 

model 

Inputs  Results 

 
   YM   WM   Sun   Soya  

     Crops 
(Assets) 

Equally 
Weighted 
 Portfolio  Equation 8 

Std Dev 
(Volatility) 

13,15% 18,57% 10,94% 6,00% 
    

Equation 6 
Average 
Returns 

38,00% 45,51% 32,23% 46,56% 
     Yellow Maize 

25% 

           White Maize 25% 

           Sunflower 25% 

Equation 
10 

Correlation           
    Soya bean 

25% 

 
YM WM 

YM 
SUN 

YM 
SOYA 

WM 
SUN 

WM 
SOYA 

SUN 
SOYA   

Equation 14 
Sum of 
weights 

100,00% 

 
0,974 0,968 0,914 0,941 0,886 0,862 

  Equation 13 
Portfolio Std 
Deviation  

11,90% 

           
Average 
return 

40,57% 

Equation 
12 

Covariance 
Matrix 

 YM   WM   Sun   Soy  
       

 
 YM  0,017 0,024 0,014 0,007 

       

 
 WM  0,024 0,034 0,019 0,010 

       

 
 Sun  0,014 0,019 0,012 0,006 

       

 
 Soya  0,007 0,010 0,006 0,004 

       
Source: Own compilation 

The region, rainfall category, and season were chosen purely by random to provide 

an example. An equally weighed portfolio scenario will not be computed because this 

scenario is not listed as an objective for this study. 

4.4.2 MINIMISE RISK SCENARIO 

The Excel Solver add-in program is next used to optimise different portfolio 

scenarios. Solver is a Microsoft Excel add-in program that can be used for ‘what-if’ 

analysis. According to Microsoft (2018), Solver is used to find an optimal (maximum 

or minimum) value for a formula in one cell – called the objective cell – subject to 

constraints, or limits, on the values of other formula cells in a worksheet. Solver 

works with a group of cells, called decision variables or simply variable cells, that are 

used in computing the formulas in the objective and constraint cells. Solver adjusts 

the values in the decision variable cells to satisfy the limits on constraint cells and 

produces the result you want for the objective cell. Thus, Solver is used to determine 
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the maximum or minimum values of one cell by changing other cells (Microsoft, 

2018).  

To obtain a minimum-risk portfolio, the optimal portfolio weight allocation is acquired 

that will give the lowest level of standard deviation (minimum risk portfolio). Solver in 

Excel was used to create the minimum standard deviation portfolio, using the four 

crops. Standard deviation will be the Solver target cell to be minimised in this 

scenario. Portfolio standard deviation (see Equation (4.8)) will again be used, as with 

the equal weight portfolio, but now in collaboration with Solver. Next, the “Min” option 

in the Solver Parameters is selected. Therefore, Solver will minimise the function in 

the target cell (in this case the standard deviation of the minimum risk portfolio). 

Solver acquires the minimum standard deviation portfolio in the target cell by 

adjusting the weight allocated to each of the four crops. The weight allocated is the 

changing variable cells in the Solver Parameters. Finally, a limitation is added that 

specifies that the sum weight of the four crops must be 1.0 (100%).  

Solver will now compute the lowest level of standard deviation possible by changing 

the weights allocated, and while adhering to the limitation set. This above process is 

then applied to each individual season per rainfall category in a specified region. In 

the case of the north-west Free State, there are 11 seasons in the average rainfall 

category. This will equal 11 different minimum risk (standard deviation) portfolios 

(see Table 4.5). Section 2.2 advocates that in such case, the average of those 

seasons is used to paint an overview. The average is therefore used to establish the 

levels of risk expected for a specific region within a rainfall category. This will also 

indicate the average return that can be expected for each level of risk. The average 

weight allocation of all the seasons in a specific region per rainfall group is 

additionally used as an overview (see Table 4.6).  
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Table 4.6: North-west Free State, average rainfall category, minimum-risk 

portfolio scenarios 

Season 1 2 3 5 6 7 11 12 13 14 15 
Averag
e 
  Allocation 

2002/ 
2003 

2003/ 
2004 

2004/ 
2005 

2006/ 
2007 

2007/ 
2008 

2008/ 
2009 

2012/ 
2013 

2013/ 
2014 

2014/ 
2015 

2015/ 
2016 

2016/ 
2017 

YM 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

WM 0,0% 0,0% 0,0% 15,4% 
100,0

% 
100,0

% 
2,0% 

100,0
% 

9,6% 0,0% 9,6% 30,6% 

Sun 0,0% 0,0% 72,3% 84,6% 0,0% 0,0% 98,0% 0,0% 0,0% 0,0% 0,0% 23,2% 

Soya 
100,0

% 
100,0% 27,7% 0,0% 0,0% 0,0% 0,0% 0,0% 90,4% 

100,0
% 

90,4% 46,2% 

  
100,0

% 
100,0% 

100,0
% 

100,0
% 

100,0
% 

100,0
% 

100,0
% 

100,0
% 

100,0
% 

100,0
% 

100,0
% 

100,0% 

Standard 
deviation 

6,0% 6,4% 8,3% 7,4% 2,5% 4,1% 4,1% 6,9% 2,9% 9,3% 2,9% 5,5% 

Average 
Returns 

46,6% 54,2% 28,5% 26,5% 51,5% 45,8% 52,6% 52,3% 42,2% 29,8% 42,2% 42,9% 

Sharpe 6,46 7,20 2,48 2,52 17,28 9,19 10,86 6,47 12,05 2,37 12,05 8,08 

Source: Own compilation 

In the North-west Free State region, only three seasons are in the above-average 

rainfall category, namely 2005/2006, 2009/2010 and 2010/2011, while there is only 

one season in the below-average rainfall category for this region. The results of 

these seasons are presented in Table 4.7.  

Table 4.7: North-west Free State, above-average rainfall category, minimum-

risk portfolio scenarios 

  Season 4 Season 8 Season 9 
Average 

 Allocation 2005/2006 2009/2010 2010/2011 

YM 6,54% 0,00% 0,00% 2,18% 

WM 0,00% 5,13% 0,00% 1,71% 

Sun 0,00% 47,77% 74,79% 40,85% 

Soya 93,46% 47,11% 25,21% 55,26% 

        #DIV/0! 

Standard deviation 7,56% 4,26% 7,89% 6,57% 

Average Returns 31,35% 29,69% 43,52% 34,85% 

Sharpe 3,116 5,134 4,529 4,26 

Source: Own compilation 
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Table 4.8: North-west Free State, below-average rainfall category, minimum-

risk portfolio scenarios 

  Season 10 
Average 

Allocation 2011/2012 

YM 0,00% 0,00% 

WM 0,00% 0,00% 

Sun 81,90% 81,90% 

Soya 18,10% 18,10% 

  100,00% 100,00% 

Standard deviation 3,28% 3,28% 

Average Returns 39,60% 39,60% 

Sharpe 9,70 9,70 

Source: Own compilation 

Table 4.8 reflects only the scenario results for the North-west Free State region, and 

tables for the remaining three regions are includes in the Appendix, A1 to A9. These 

tables are for illustrative purposes only, and detailed results will be presented in 

Chapter 5. Note that the assumption was made in Chapter 1 that the commodities 

are all physical and held long by the producers, so none of these commodities can 

take a short position. 

According to Giot and Laurent (2003), a long position is represented by buying a 

commodity with the expectation that the commodity will increase in value. On the 

other hand, these authors note that a short position represents an investment 

strategy where the investor sells commodities from borrowing them in the open 

market. The expectation of the investor is that the price of the commodity will decline 

over time, after which the investor will buy the commodity back in the open market, 

and repay the commodity to the broker. This study focuses on the commodity 

producer price risk and using diversification as a risk mitigation strategy, therefore 

assuming that the producer can only have a long position in the market. However, a 

producer can buy a commodity future contract, and by doing so, hold a short position 

future contract, but for the purpose of this study, this is ignored.  
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4.4.3 MAXIMUM RETURN SCENARIO 

In the previous section, the goal was to reduce overall risk in the producer’s portfolio. 

However, with the Solver module, we can also choose to maximise the expected 

portfolio return. In these scenarios (see Tables 4.9 to 4.11), the expected return is 

maximised in Solver by changing the weight allocated to each crop. The same 

restrictions are applied in these scenarios as with the minimum risk scenarios. Again, 

this done by focusing only on a long position. The scenario results from the Solver 

module are detailed in Tables 4.9 to 4.11, with the other regions results being tabled 

in the Appendix, 1 to 9. 

Table 4.9: North-west Free State, average rainfall category, Maximum-return 

portfolio scenarios 

 Season 1 2 3 5 6 7 11 12 13 14 15 Average 

Allocation 
2002/ 
2003 

2003/ 
2004 

2004/ 
2005 

2006/ 
2007 

2007/ 
2008 

2008/ 
2009 

2012/ 
2013 

2013/ 
2014 

2014/ 
2015 

2015/ 
2016 

2016/ 
2017 

  

YM 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0,00% 

WM 0% 0% 0% 100% 0% 0% 0% 0% 0% 100% 0% 18,18% 

Sun 0% 0% 0% 0% 100% 0% 100% 100% 0% 0% 0% 27,27% 

Soya 100% 100% 100% 0% 0% 100% 0% 0% 100% 0% 100% 54,55% 

  100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100,00% 

Std 
deviation 

6% 6% 10% 9% 8% 6% 4% 4% 3% 15% 3% 6,75% 

Average 
Returns 

47% 54% 52% 35% 53% 53% 53% 54% 46% 30% 46% 47,55% 

Sharpe 6,45 7,19 4,60 3,16 5,37 6,97 10,99 12,73 11,98 1,53 11,98 7,543 

Source: Own compilation 

Table 4.10: North-west Free State, above-average rainfall category, Maximum-

return portfolio scenarios 

 Allocation Season 4 Season 8 Season 9 
Average 

  2005/2006 2009/2010 2010/2011 

YM 0% 0% 0% 0,00% 

WM 0% 0% 0% 0,00% 

Sun 0% 0% 100% 33,33% 

Soya 100% 100% 0% 66,67% 

  100% 100% 100% 100,00% 

Standard deviation 8% 6% 8% 7,25% 

Average Returns 33% 39% 46% 39,37% 

Sharpe 3,29 5,13 4,77 4,40 

Source: Own compilation 
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Table 4.11: North-west Free State, below-average rainfall category, Maximum-

return portfolio scenarios 

  Season 10 Average 

Allocation 2011/2012   

YM 0% 0,00% 

WM 100% 100,00% 

Sun 0% 0,00% 

Soya 0% 0,00% 

  100% 100,00% 

Standard deviation 9% 8,54% 

Average Returns 44% 44,28% 

Sharpe 4,27 4,27 

Source: Own compilation 

It is important that the same seasons be used in both the risk minimised and return 

maximised scenarios, and will also be done in the max Sharpe scenarios because 

these scenarios are all for the same region, namely NW Free State.  

4.4.4 MAXIMUM SHARPE SCENARIO 

The last scenario, maximum Sharpe, aims to maximise expected excess returns and 

reduce overall portfolio risk. The Sharpe ratio is the average return earned above a 

risk-free rate per unit of standard deviation or total risk (Sharpe, 1994). According to 

the author, the Sharpe ratio is a risk-adjusted return measurement (see Equation 

(4.13)): 

 𝑆ℎ𝑎𝑟𝑝𝑒 𝑟𝑎𝑡𝑖𝑜 =  
𝑟𝑝−𝑟𝑓

𝜎𝑝
  (4.13) 

where: 

𝑟𝑝 = Expected portfolio return 

𝑟𝑓 = Risk-free rate (three-month JIBAR yield) 

𝜎𝑝 = Portfolio Standard deviation  

Therefore, the average season return is subtracted from the risk-free rate and then 

divided by the season standard deviation. In these scenarios, the Sharpe ratio will be 

maximised by changing the weight allocations of the four crops (again, applying the 

same assumptions as in the previous two scenarios). For illustrative purposes, the 
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max Sharpe scenario results for the North-west Free State region are reflected in 

Table 4.12.  

Table 4.12: North-west Free State, Average-rainfall category, maximum Sharpe 

portfolio scenarios 

  1 2 3 5 6 7 11 12 13 14 15 Average 

Allocation 
2002/ 
2003 

2003/ 
2004 

2004/ 
2005 

2006/ 
2007 

2007/ 
2008 

2008/ 
2009 

2012/ 
2013 

2013/ 
2014 

2014/ 
2015 

2015/ 
2016 

2016/ 
2017 

  

YM 0% 0% 0% 0% 7% 0% 0% 0% 0% 0% 0% 0,68% 

WM 0% 0% 0% 100% 93% 91% 0% 3% 5% 0% 5% 26,98% 

Sun 0% 0% 0% 0% 0% 0% 100% 93% 0% 0% 0% 17,53% 

Soya 100% 100% 100% 0% 0% 9% 0% 4% 95% 100% 95% 54,82% 

             

Average 
Returns 

6% 6% 10% 9% 3% 4% 4% 4% 3% 9% 3% 5,47% 

Std deviation 47% 54% 52% 35% 52% 46% 53% 54% 44% 30% 44% 46,39% 

Sharpe 6,46 7,20 4,60 3,16 17,29 9,24 10,99 12,79 12,36 2,37 12,36 8,982 

Source: Own compilation 

Table 4.13: North-west Free State, above-average rainfall category, maximum 

Sharpe portfolio scenarios 

  Season 4 Season 8 Season 9 
Average 

  2005/2006 2009/2010 2010/2011 

YM 0,00% 0,00% 0,00% 0,00% 

WM 0,00% 0,00% 0,00% 0,00% 

Sun 0,00% 29,63% 100,00% 43,21% 

Soya 100,00% 70,37% 0,00% 56,79% 

        #DIV/0! 

Average Returns 7,64% 4,56% 7,97% 6,72% 

Standard deviation 32,96% 33,71% 45,85% 37,51% 

Sharpe 3,293 5,683 4,772 4,58 

Source: Own compilation 
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Table 4.14: North-west Free State, below-average rainfall category, maximum 

Sharpe portfolio scenarios 

  Season 10 Average 

Allocation 2011/2012   

YM 0,00% 0,00% 

WM 0,00% 0,00% 

Sun 100,00% 100,00% 

Soya 0,00% 0,00% 

  100,00% 100,00% 

Average Returns 3,33% 3,33% 

Standard deviation 43,39% 43,39% 

Sharpe 10,69 10,69 

Source: Own compilation 

4.5 CONCLUSION 

Chapter 4 sets out a description of how mathematical programming is used to 

statistically calculate an optimal risk and return related portfolio, as well as how to 

reduce overall risk, and to maximise the expected average return and the Sharpe 

ratio of a portfolio. Markowitz’s Modern Portfolio Theory was the methodology 

selected for the reason that it is commonly used in agricultural production planning 

and optimisation today. The next chapter discusses the results generated by this 

methodology with the use of data described in Chapter 3. 
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CHAPTER 5: RESULTS AND RECOMMENDATIONS  

Chapter 5 will discuss the results obtained and the recommendations made from the 

results. More specifically, this chapter sets out the results, describes the significance 

of the results and discusses whether the results obtained provide a solution to the 

overall problem statement of this study. The chapter will conclude with specific 

recommendations that can be made to meet the objectives stated. 

The objective of this study is to examine the suitability of production diversification 

for South African summer grains and oilseed producers as offering a strategy for risk 

mitigation. The first sub-objective will assess the value of production diversification 

via mean variance optimisation. The second sub-objective will include an analysis of 

the optimal production allocation for producers of white and yellow maize, sunflower 

seed and soybean in different regions and expected rainfall conditions. These rainfall 

conditions will be divided into above-normal, normal and below-normal expected 

rainfall, and will cover the following production regions: the eastern Free State, north-

western Free State, the North West, and KwaZulu-Natal.  

The results and recommendations will be stated individually for all four of the 

production regions, each with their three rainfall conditions. The outline of this 

chapter is as follows: 

5.1  Eastern Free State 

5.1.1 Average rainfall conditions 

5.1.2 Above-average rainfall conditions 

5.1.3 Below-average rainfall conditions 

5.1.4 Summary. 

Similarly, Sections 5.2 to 5.5 report the results for the north-western Free State, the 

North West, and Kwazulu-Natal, respectively. 

Figure 5.1 provides a guideline on how to read and interpret the result tables used in 

Section 5.1 to 5.4. Figure 5.2 shows an example of the recommendation sheet for 

explanation purposes.  
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Figure 5.1: Result interpretation example 

Source: Author’s representation 

Risk: In Figure 5.1, the standard deviation is portrayed as a measurement of risk. A 

lower standard deviation results in less volatility within the portfolio, which implies a 

lower probability of risk occurring. Sharpe (1964) mentioned that through 

diversification, some of the risk inherent in an asset could be avoided. Therefore, the 

empirical model will most likely diversify the minimum risk portfolios in the following 

sections, and the results will be significant if these portfolios have the lowest or equal 

lowest percentage of standard deviation, as compared with the maximum return and 

maximum Sharpe portfolios. 

Return: The max return portfolio is in contrast to the minimum risk portfolio, and the 

model will allocate the commodity or commodities with the highest level of return for 

that period to the portfolio, regardless of the risk associated. Jegers (1991) suggests 

that in theory, higher return equals higher risk. The significance of the results would 

be clear if the max return portfolios have the highest or equal highest average return, 

as compared with the other two portfolios. 

  Optimum portfolio allocation 

Rainfall conditions   Minimum Risk Max Return Max Sharpe 

Average 

Yellow Maize 3,23% 9,09% 9,77% 

White Maize 22,66% 36,36% 17,51% 

Sunflower 46,30% 27,27% 53,90% 

Soya bean 27,81% 27,27% 18,82% 

  100,00% 100,00% 100,00% 

Standard deviation 8,88% 12,36% 11,34% 

Average Returns 12,32% 22,43% 21,64% 

Sharpe ratio 1,69 2,24 2,43 

    Minimum Risk Max Return Max Sharpe 

Above average  

Yellow Maize 5,30% 0,00% 0,00% 

White Maize 4,08% 33,33% 33,33% 

Sunflower 55,13% 66,67% 62,54% 

Soya bean 35,48% 0,00% 4,12% 

  100,00% 100,00% 100,00% 

Standard deviation 9,19% 14,96% 14,65% 

Average Returns 7,66% 11,56% 11,44% 

Sharpe ratio 0,01 0,45 0,46 

    Minimum Risk Max Return Max Sharpe 

Below average  

Yellow Maize 0,00% 0,00% 0,00% 

White Maize 69,41% 0,00% 50,99% 

Sunflower 30,59% 100,00% 49,01% 

Soya bean 0,00% 0,00% 0,00% 

  100,00% 100,00% 100,00% 

Standard deviation 11,01% 15.31% 11,37% 

Average Returns 9,99% 10.53% 10,13% 

Sharpe ratio 0,20 0,18 0,20 

 

Risk (Standard 

deviation) and return 

measurements plus 

Sharpe ratio. 

Crop allocation (%)
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Sharpe ratio: This aims to maximise expected excess returns and reduce overall 

portfolio risk. Sharpe (1994) mentioned that it is the average return earned above a 

risk-free rate per unit of standard deviation or total risk. Therefore, portfolios with 

high returns and lower standard deviation will have a higher Sharpe ratio. The 

Sharpe ratio is expressed as a number; the higher the number is, the higher the risk 

adjusted return of the portfolio is. The results will be significant if the max Sharpe 

ratio portfolios have the highest or equal highest Sharpe ratio, as compared with the 

other two portfolios. 

Figure 5.2 provides an example of the recommendations based on the results 

obtained in the model. 

 

Figure 5.2: Example of recommendation sheet 

Source: Author’s representation 

5.1 EASTERN FREE STATE 

The Free State province contributes 43.6% to total national maize production, and 

57.2% and 37.6% of the total sunflower and soya bean production, respectively. The 

geometrical setting of this region is the eastern part of the Free State, specifically the 

part east of Welkom and Kroonstad that includes towns such as Bethlehem, 

Harrismith and Clarens. For this region, sunflower showed the highest average daily 

Production diversification recommendation for producers in

certain region expecting a certain rainfall season.

Pie chart indicating % weight recommend for optimal

production diversification for each portfolio.

The performance of the three portfolios in the pie charts are

shown in the bar charts. The four columns to the right are

plotted for comparisons reasons. These include 100%

allocation portfolios of each of the four crops for example.

100% Sunflower portfolio. This is done to evaluate the value of

diversification production versus specialising in one crop only

Seven individual column charts are plotted on the same X-axis

of, each column chart consisting of three columns.

The three columns consist of the standard deviation, Sharpe

ratio and average return.

The performance of the three diversified portfolios and four

non-diversified portfolios can now be compared in with each

other.

The primary Y-axis presents percentages used to measure standard deviation and

average return. The secondary Y-axis gives presents the Sharpe ratio reading.

Optimal allocation

Portfolio performance
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returns, compared with the other three crops. Sunflower also shown the lowest risk, 

compared with the other three crops.  

5.1.1 AVERAGE RAINFALL CONDITIONS 

Table 5.1 shows the results and recommendations for summer grain and oilseed 

producers in the eastern Free State region, with average rainfall conditions. 

Table 5.1: Optimum weight allocation for each crop, given certain objectives 

for the Eastern Free State region.  

  Optimum portfolio allocation Non-diversified portfolios 

Rainfall 
condition  

 Minimum 
Risk 

Max 
Return 

Max 
Sharpe 

100%  
YM 

100% 
 WM 

100% 
 Sun 

100% 
Soya 

Average 

Yellow Maize 3,23% 9,09% 9,77% 100% 0,00% 0,00% 0,00% 

White Maize 22,66% 36,36% 17,51% 0,00% 100% 0,00% 0,00% 

Sunflower 46,30% 27,27% 53,90% 0,00% 0,00% 100% 0,00% 

Soya bean 27,81% 27,27% 18,82% 0,00% 0,00% 0,00% 100% 

  100% 100% 100% 100% 100% 100% 100% 

Standard  
deviation 

8,88% 12,36% 11,34% 13,63% 15,65% 11,18% 16,08% 

Average 
Returns 

12,32% 22,43% 21,64% 8,77% 11,37% 14,41% -11,68% 

Sharpe ratio 1,69 2,24 2,43 0,83 1,15 1,03 0,07 

Source: Author’s calculations 

There are two noticeable factors seen in the results in Table 5.1. Firstly, the value of 

diversification is clear, with all the optimal portfolios resulting in the allocation of at 

least two different crops.  

Secondly, a high percentage weight is allocated to sunflower in almost all three of 

the portfolios (except for maximum return, where moderate sunflower allocation is 

present). This was expected, as sunflower had the highest average return and 

lowest standard deviation in the eastern Free State. 

The results of the Markowitz’s mean variance optimisation model showed a low 

percentage for yellow maize allocation for all the portfolios with average rainfall 

scenarios. This was also the outcome for the above- and below-average rainfall 

conditions, as discussed in Section 5.1.2 and Section 5.1.3, respectively. The 

eastern Free State had the second highest production cost for yellow maize, thus 

resulting in lower profits, compared with other regions. Therefore, the model did not 

allocate high percentage weights to yellow maize due to the low returns. Another 

reason for this was that, in the period from 2002 to 2017, the white maize market 
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price was, in most cases, higher than that of yellow maize. Considering that the 

production costs of both white and yellow maize are the same, together with the high 

market prices correlation of these two crops, the model will allocate a greater weight 

to white maize due to the higher historical returns, when compared with yellow 

maize.  

The results of all three portfolios are significant, as all the minimum-risk portfolios 

had the lowest standard deviations. In addition, all the maximum-return portfolios 

had the highest percentage average returns, compared with the other two portfolios. 

The results of the optimal maximum Sharpe portfolios showed the highest Sharpe 

score, compared with the other two optimised portfolios. It is also clear that the 

model resulted in high levels of diversification for the minimum-risk portfolios, 

compared with the other two portfolios. This was expected from the literature, which 

suggests that greater diversification leads to less risk (Sharpe, 1964). In the next 

section, the performance of these three portfolios will be compared with the four 

benchmark portfolios for this and the other rainfall condition categories. These 

benchmark portfolios consist of 100% allocation to each of the four crops, for 

example a 100% yellow maize portfolio. These benchmark portfolios (for non-

diversified portfolios, see Table 5.1) simulate production that is specialised in one 

crop only, and provide a good comparison for ascertaining whether there are any 

benefits to diversifying production of summer grain and oilseeds in the eastern Free 

State.  

The optimal production allocation of the minimum-risk portfolio is 3.23% for yellow 

maize, 22.66% for white maize, 46.30% for sunflower, and 27.81% for soya beans 

(see Figure 5.3). On the other hand, if the producer aims to maximise returns, the 

results suggest an allocation of 9.09% for yellow maize, 36.36% for white maize, 

27.27% for sunflower, and 27.27% for soya beans. If the Sharpe ratio is to be 

maximised, the results recommend a production allocation of 9.77% for yellow 

maize, 17.51% for white maize, 53.90% for sunflower, and 18.82% for soya beans.  
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Figure 5.3: Optimum allocation: Average rainfall 

Source: Own compilation  

 
Figure 5.4: Portfolio performance: Average rainfall 

Source: Own compilation  

Figure 5.4 supports production diversification as a sufficient risk mitigation strategy, 

indicating that the optimal minimum-risk portfolio has the lowest percentage standard 

deviation, compared with the other two diversified portfolios, as well as with the other 

four non-diversified portfolios. The optimal minimum-risk portfolio showed a standard 

deviation of 8.88%, which is 2.30% and 2.46% lower compared with the second and 

third lowest standard deviation portfolios, namely 100% sunflower portfolio with 

11.18% standard deviation and optimal maximum Sharpe portfolio with 11.34% 

standard deviation.  
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Figure 5.4 clearly indicates that the optimal max return portfolio showed the highest 

average return, with 22.43% average return. This portfolio outperformed the 

maximum Sharpe and 100% sunflower portfolios by 0.79% and 8.02%, respectively, 

in terms of average return. 

As anticipated, the optimal maximum Sharpe portfolio showed the highest Sharpe 

ratio of 2.43 (see Figure 5.4). This is 0.19 and 0.73 higher than the closest 

competitors, namely the optimal maximum return and minimum-risk portfolios.  

5.1.2 ABOVE-AVERAGE RAINFALL CONDITIONS 

Table 5.2 shows the results and recommendation for summer grain and oilseed 

producers in the eastern Free State region, with above-average rainfall conditions. 

Table 5.2: Optimum weight allocation and results for above-average rainfall 

conditions in the eastern Free State region.  

  Optimum portfolio allocation Non-diversified portfolios 

Rainfall 
condition  

 Minimum 
Risk 

Max 
Return 

Max 
Sharpe 

100%  
YM 

100% 
 WM 

100% 
 Sun 

100% 
Soya 

Above 
average 

Yellow Maize 5,30% 0,00% 0,00% 100% 0,00% 0,00% 0,00% 

White Maize 4,08% 33,33% 33,33% 0,00% 100% 0,00% 0,00% 

Sunflower 55,13% 66,67% 62,54% 0,00% 0,00% 100% 0,00% 

Soya bean 35,48% 0,00% 4,12% 0,00% 0,00% 0,00% 100% 

  100% 100% 100% 100% 100% 100% 100% 

Standard  
deviation 9,19% 14,96% 14,65% 14,65% 15,69% 19,67% 10,59% 

Average 
Returns 7,66% 11,56% 11,44% 11,44% -11,38% -11,17% 6,26% 

Sharpe ratio 0,01 0,45 0,46 0,46 -0,86 -0,69 0,45 

Source: Author’s calculation  

The value of diversification is clear, with all the optimal portfolios in this rainfall 

condition category resulting in the allocation of at least two different crops. 

Furthermore, the results are significant for the reason that a high percentage is 

allocated to sunflower in the three optimal portfolios. 

The model results suggest the following recommendations for a summer grain and 

oilseed producer in the eastern Free State who is expecting an above-average 

rainfall season. The optimal production allocation of the minimum-risk portfolio is 

5.30% for yellow maize, 4.08% for white maize, 55.13% for sunflower, and 35.48% 

for soya bean. On the other hand, if a producer wants to maximise return, the 

optimal allocation is 33.33% for white maize, 66.67% for sunflower, and 0% for 
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yellow maize and soya bean, respectively. If the Sharpe ratio is to be maximised, the 

results recommend a production allocation of 33.33% for white maize, 62.54% for 

sunflower, 4.12% for soya beans, and 0% for yellow maize (Figure 5.5). The optimal 

allocations do not differ much from those for an average rainfall season, and the 

results is similar in terms of low percentage allocation of yellow maize, and high 

percentage allocation of sunflower.  

 

Figure 5.5: Optimum allocation: Above-average rainfall 

Source: Own compilation  

 

Figure 5.6: Portfolio performance: Above-average rainfall 

Source: Own compilation  
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Figure 5.6 shows that the optimal minimum-risk portfolio has the lowest percentage 

standard deviation, compared with the other six portfolios, with a standard deviation 

of 9.19%, which is 1.40% and 1.71% lower when compared with the second and 

third lowest standard deviation levels, namely 100% soya bean and 100% sunflower 

portfolios, respectively.  

Figure 5.6 further illustrates the point that the optimal max return portfolio resulted in 

the highest average return of 11.56%. This outperforms the maximum Sharpe 

portfolio, which has the second highest average return, by 0.12%, and the minimum 

risk portfolio by 3.9%. As anticipated, the optimal maximum Sharpe portfolio showed 

the highest Sharpe ratio of 0.46. This is only 0.01 higher than the optimal maximum 

return portfolio and the 100% sunflower portfolio. 

Compared with the performances of the average rainfall condition portfolios, the 

above-average rainfall optimal maximum return and Sharpe portfolios resulted in an 

11.56% and an 11.44% average return, respectively. The return obtained is a 10% 

lower average return, compared with those of the average rainfall portfolio 

performance results. Furthermore, these two portfolios showed higher percentage 

standard deviations, indicating higher volatility and lower Sharpe values compared 

with the optimal maximum return and Sharpe portfolios in average rainfall conditions.  

This can be attributed to the fact that in an above-average rainfall season, crop 

yields are also above average, due to the high correlation between rainfall and yields 

per hectare (Grain SA, 2018). Therefore, higher yields lead to an oversupply of grain 

to the South African commodity market. This market has a limited demand for grain, 

and the surplus grain is mostly exported, with some being put into storage. In this 

case, a surplus of grain will most likely decrease the price to export parity level. The 

export parity level is also a synthetic floor price that changes as the exchange rate 

and international grain price (mostly price on the Chicago Board of Trade) change. 

Therefore, if market prices are trading at around export parity level, then producers 

will realise lower returns because the production costs still remain the same in years 

of over- or under-supply. The inverse is therefore applicable during times when 

market prices are trading at around import parity. According to Grain SA (2018), 

South Africa is generally a net exporter of maize, meaning that the local consumption 

is lower than the local supply is. This might also be the reason for the negative 
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results in terms of average return and Sharpe ratios for the 100% white maize and 

100% yellow maize portfolios, as shown in Figure 5.6.  

5.1.3 BELOW-AVERAGE RAINFALL CONDITIONS 

Table 5.3 shows the results and recommendations for summer grain and oilseed 

producers in the eastern Free State region, with below-average rainfall conditions. 

Table 5.3: Optimum weight allocation and results for below-average rainfall 

conditions in Eastern Free State region.  

  Optimum portfolio allocation Non-diversified portfolios 

Rainfall 
condition  

 Minimum 
Risk 

Max 
Return 

Max 
Sharpe 

100%  
YM 

100% 
 WM 

100% 
 Sun 

100% 
Soya 

Below 
average 

Yellow Maize 0,00% 0,00% 0,00% 100% 0,00% 0,00% 0,00% 

White Maize 69,41% 0,00% 50,99% 0,00% 100% 0,00% 0,00% 

Sunflower 30,59% 100,00% 49,01% 0,00% 0,00% 100% 0,00% 

Soya bean 0,00% 0,00% 0,00% 0,00% 0,00% 0,00% 100% 

  100% 100% 100% 100% 100% 100% 100% 

Standard  
deviation 11,01% 15.31% 11,37% 12,21% 11,97% 15,31% 34,25% 

Average 
Returns 9,99% 10.53% 10,13% 9,08% 9,75% 10,53% -4,68% 

Sharpe ratio 0,20 0,18 0,20 0,10 0,16 0,18 -0,36 

Source: Author’s calculation  

The results of an optimal maximum return portfolio, in a below-average rainfall 

season, differ from the previous results showed. This maximum return result in 

Table 5.3 (See shaded cells) varies due to the model suggesting a 100% production 

of sunflower, thus giving no production diversification. The reason for this is that 

when the command is set within the Markowitz’s mean variance optimisation model 

to find the optimal allocation for maximum return, the model will simply allocate all 

weight to the crop with the highest return. Additionally, the 2011/2012 season was 

the only season within the below-average rainfall category, and therefore an 

average crop allocation over a number of seasons could not be calculated, which 

resulted in only one season portraying a 100% sunflower allocation.  

The optimal allocation for a producer in the eastern Free State, within or below an 

average rainfall season, is as follows: If the producer wants to minimise risk, a 

portfolio allocation of 69.40% white maize and 30.59% sunflower is recommended. 

On the other hand, if a producer wants to maximise return, the optimal allocation is 

for 100% white maize. If the Sharpe ratio is to be maximised, then the results 
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recommend a production allocation of 50.99% white maize and 49.01% sunflower. 

These optimal allocations differ substantially from those for an average and above-

average rainfall season in terms of low diversification, especially for the minimum 

risk and maximum Sharpe portfolios.  

 
Figure 5.7: Optimum allocation: Below-average rainfall 

Source: Own compilation  

 

Figure 5.8: Portfolio performance: Above-average rainfall 

Source: Own compilation  

The results in Figure 5.8 suggest that production diversification is a worthy risk 

mitigation strategy, and also beneficial for maximum return and Sharpe portfolios. 

This is emphasised by the optimal minimum-risk portfolio showing the lowest 
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percentage standard deviation (11.01%), compared with the other two diversified 

portfolios, and also when compared with the other four non-diversified portfolios. 

This strategy outperforms the closest two competitors, namely the optimal maximum 

Sharpe portfolio and the 100% white maize portfolio, by less 0.36% and less 0.96%, 

respectively. 

The optimal maximum-return portfolio showed the highest average return, as 

anticipated (see Figure 5.8). This portfolio’s results were exactly the same as those 

of the 100% sunflower portfolio, and the reason is simply because the model 

suggested that the optimal allocation for a maximum return portfolio is 100% 

sunflower. However, with the performances being equal to each other, the maximum 

return portfolio outperformed all the other portfolios in terms of average return. 

The optimal maximum Sharpe portfolio again outperformed the other diversified and 

non-diversified portfolios, with a result of a 0.20 Sharpe score. This was equal to the 

Sharpe of the minimum risk portfolio and 0.02 higher than the closest competitor 

(see Figure 5.8).  

Compared with the performances of the above-average and average rainfall 

condition portfolios, the below-average rainfall conditions show the most risk by 

resulting, on average, with the highest level of standard deviation and also the lowest 

Sharpe score for all three diversified portfolios, on average. In terms of average 

return, the results of the below-average and above-average rainfall conditions are 

similar, but again on average, about 10% lower than the results shown in the 

average rainfall condition scenario.  

5.1.4 SUMMARY 

The results for the eastern Free State, with average, above-average and below-

average rainfall conditions, gave a clear indication that production diversification is a 

suitable strategy for risk mitigation. This is motivated by all three of the optimal 

minimum risk portfolios which suggest that production diversification and in average 

could decrease risk by 7.29% (see Table 5.4). The results in Table 5.4 also showed 

that production diversification decreased average risk the most, in below-average 

rainfall conditions.  
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Table 5.4: Outperformance results of the eastern Free State region with 

average, above-average and below-average rainfall conditions.  

Region 
Rainfall 
Conditions 

Outperformance of diversified portfolios  
compared to non-diversified portfolios 

Average 
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Average 

Risk decreased between 2.30% - 6.77% 4.54% 

Return increased between 8.02% - 34.11% 21.07% 

Sharpe increased between 1,28 - 2,36 1,82 

Above 
Average 

Risk decreased between 1.40% - 9.08% 5.24% 

Return increased between 0.12% - 22.94% 11.53% 

Sharpe increased between 0 - 1,32 0,66 

Below 
Average 

Risk decreased between 0.96% - 23.24% 12.10% 

Return increased between 0.00% - 15.21% 7.61% 

Sharpe increased between 0,2 - 0,56 0,38 

Rainfall conditions 
combined: 

Average risk decreased 7.29% 

Average return increase 13.40% 

Average Sharpe increase 0,953 

Source: Author’s calculation  

Two out of the three maximum risk portfolios suggested diversification, while all three 

maximum Sharpe portfolios suggested diversification. Table 5.4 illustrates the point 

that optimal diversification could, on average, increase returns received by 7.29%, 

and the Sharpe ratio by 0.953. Therefore, producers are strongly recommended to 

use the optimal allocation provided as a guideline to minimise their risk. This 

recommendation can also be used if producers want to maximise return or their 

Sharpe ratio.  

5.2 NORTH-WEST FREE STATE 

The north-west Free State region is a large contributor to the overall agricultural 

production of the Free State province. This province contributes 43.6% of the total 

national maize production, and also 57.2% and 37.6% of the total sunflower and 

soya bean production, respectively. The north-west Free State region is mapped in a 

triangle-like shape, with Parys, Kroonstad and Sasolburg being the three points. 

Interestingly, soya bean had the highest average return (38.4%) and lowest standard 

deviation (14.6%) for the whole time period in this region. Sunflower was second, 

followed by white and yellow maize. Therefore, a high percentage soya bean 

allocation is expected.  
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5.2.1 AVERAGE RAINFALL CONDITIONS 

Table 5.5 shows the results and recommendations for summer grain and oilseed 

producers in the north-west Free State region, with average rainfall conditions. 

Table 5.5: Optimum weight allocation for each crop, given certain objectives 

for the north-west Free State region.  

  Optimum portfolio allocation Non-diversified portfolios 

Rainfall 
condition  

 Minimum 
Risk 

Max 
Return 

Max 
Sharpe 

100%  
YM 

100% 
 WM 

100% 
 Sun 

100% 
Soya 

Average 

Yellow Maize 0,00% 0,00% 0,68% 100% 0,00% 0,00% 0,00% 

White Maize 21,51% 18,18% 26,98% 0,00% 100% 0,00% 0,00% 

Sunflower 31,23% 27,27% 17,53% 0,00% 0,00% 100% 0,00% 

Soya bean 47,26% 54,55% 54,82% 0,00% 0,00% 0,00% 100% 

  100% 100% 100% 100% 100% 100% 100% 

Standard  
deviation 

5,23% 6,75% 5,47% 9,99% 11,50% 8,60% 7,55% 

Average 
Returns 

43,03% 47,55% 46,39% 28,71% 29,86% 27,78% 42,96% 

Sharpe ratio 8,66 7,54 8,98 3,37 3,95 3,29 6,16 

Source: Author’s calculation  

In Table 5.5, the value of diversification is clear, with all the optimal portfolios in this 

rainfall condition category resulting in the allocation of at least two different crops. 

Moreover, the results are noteworthy for the reason that a high percentage is 

allocated to soya bean in the three optimal portfolios.  

The optimal allocation in Figure 5.9 shows: 

• High allocation of soya bean, as expected; and 

• Production allocation of soya bean, white maize and sunflower is 

recommended. 

 

 
Figure 5.9: Optimum allocation: Average rainfall 

Source: Own compilation  
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Figure 5.10: Portfolio performance: Average rainfall 

Source: Own compilation  

The portfolio performance in Figure 5.10 compares the three optimal diversified 

portfolios with the four non-diversified portfolios, and the result is as follows: 

• The minimum-risk portfolio showed between 2.32% and 6.27% less risk; 

• The maximum-return portfolio showed between 4.59% and 19.77% more 

return; and 

• The maximum Sharpe portfolio showed between 2.82 and 5.69 higher 

Sharpe score.  

Figure 5.10 indicates the value of production diversification as a risk mitigation 

strategy. This is emphasised by the minimum-risk portfolio that shows the lowest 

level of standard deviation, compared with the other diversified and non-diversified 

portfolios. Furthermore, the maximum return and maximum Sharpe outperformed the 

other portfolios on an average return percentage and Sharpe score, respectively.  
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5.2.2 ABOVE-AVERAGE RAINFALL CONDITIONS 

Table 5.6 shows the results and recommendations for summer grain and oilseed 

producers in the north-west Free State region, with above-average rainfall 

conditions. 

Table 5.6: Optimum weight allocation for each crop, given certain objectives 

for the north-west Free State region.  

  Optimum portfolio allocation Non-diversified portfolios 

Rainfall 
condition  

 Minimum 
Risk 

Max 
Return 

Max 
Sharpe 

100%  
YM 

100% 
 WM 

100% 
 Sun 

100% 
Soya 

Above 
average 

Yellow Maize 2,18% 0,00% 0,00% 100% 0,00% 0,00% 0,00% 

White Maize 1,71% 0,00% 0,00% 0,00% 100% 0,00% 0,00% 

Sunflower 40,85% 33,33% 43,21% 0,00% 0,00% 100% 0,00% 

Soya bean 55,26% 66,67% 56,79% 0,00% 0,00% 0,00% 100% 

  100% 100% 100% 100% 100% 100% 100% 

Standard  
deviation 

6,57% 7,25% 6,72% 11,88% 15,10% 8,24% 7,47% 

Average 
Returns 

34,85% 39,37% 37,51% 17,86% 18,55% 25,39% 36,28% 

Sharpe ratio 4,26 4,40 4,58 0,45 0,22 1,26 2,97 

Source: Author’s calculation  

In Table 5.6, the value of diversification is clear in all the optimal portfolios in above-

average rainfall conditions. Moreover, the results are significant for the reason that a 

high percentage is allocated to soya bean in the three optimal portfolios, as 

expected. The risk and return results of all three optimal portfolios in the average 

rainfall category is significant.  

The recommendations for optimal production allocation are seen in Figure 5.11, and 

it is important to notice: 

• A greater weight allocation to soya bean production; and 

• Production allocation of mostly soya bean and sunflower is recommended.  
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Figure 5.11: Optimum allocation: Above-average rainfall 

Source: Own compilation  

 

 

Figure 5.12: Portfolio performance: Above average rainfall 

Source: Own compilation  

Figure 5.12 indicates the benefit of production diversification as a risk mitigation 

strategy. This is emphasised by the minimum-risk portfolio showing the lowest level 

of standard deviation, compared with the other diversified and non-diversified 

portfolios. The maximum return and maximum Sharpe outperformed the other 

portfolios on an average return percentage basis and Sharpe score, respectively. 
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Comparing the three optimal diversified portfolios with the four non-diversified 

portfolios, the result is as follows: 

• The minimum risk portfolio showed between 0.9% and 8.53% less risk; 

• The maximum return portfolio showed between 3.09% and 21.51% more 

return; and 

• The maximum Sharpe portfolio showed between 1.61 and 4.36 higher 

Sharpe scores. 

5.2.3 BELOW-AVERAGE RAINFALL CONDITIONS 

Table 5.7 shows the results and recommendation for summer grain and oilseed 

producers in the north-west Free State region, with below-average rainfall conditions. 

Table 5.7: Optimum weight allocation for each crop, given certain objectives 

for the north-west Free State region.  

  Optimum portfolio allocation Non-diversified portfolios 

Rainfall 
condition  

 Minimum 
Risk 

Max 
Return 

Max 
Sharpe 

100%  
YM 

100% 
 WM 

100% 
 Sun 

100% 
Soya 

Below 
average 

Yellow Maize 0,00% 0,00% 0,00% 100% 0,00% 0,00% 0,00% 

White Maize 0,00% 100,00% 0,00% 0,00% 100% 0,00% 0,00% 

Sunflower 81,90% 0,00% 100,00% 0,00% 0,00% 100% 0,00% 

Soya bean 18,10% 0,00% 0,00% 0,00% 0,00% 0,00% 100% 

  100% 100% 100% 100% 100% 100% 100% 

Standard  
deviation 

3,28% 8,54% 3,33% 8,19% 8,54% 3,33% 4,18% 

Average 
Returns 

39,60% 44,28% 43,39% 
43,93

% 
44,28% 43,39% 22,43% 

Sharpe ratio 9,70 4,27 10,69 4,41 4,27 10,69 3,50 

Source: Author’s calculation 

The results suggest that no diversification should be considered for maximum return 

and maximum Sharpe in a below-average rainfall season (see shaded cells in Table 

5.7). According to the model, the optimal allocation is 100% white maize for 

maximum return, and 100% sunflower for maximum Sharpe. The results in Table 5.7 

show low allocations of yellow maize in all the portfolios.  

The recommendations for optimal production allocation are seen in Figure 5.13. It is 

important to notice: 

• Production allocation of just soya bean and sunflower for minimum risk, and 
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• No production diversification needed to maximise average return or Sharpe 

ratio.4 

 

 

Figure 5.13: Optimum allocation: Above-average rainfall 

Source:  Own compilation  

 

 

Figure 5.14: Portfolio performance: Above-average rainfall 

Source: Own compilation  

The minimum-risk portfolio shows the lowest level of standard deviation, compared 

with the other diversified and non-diversified portfolios (see Figure 5.14). The 

maximum return and maximum Sharpe outperformed or equalled the other portfolios 

                                            
4 This contrary result is explained in Section 5.1.1.1, paragraph three. 
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on an average return percentage basis and Sharpe score, respectively. Comparing 

the three optimal diversified portfolios with the four non-diversified portfolios, the 

result is as follows: 

• The minimum risk portfolio showed between 0.5% and 5.26% less risk; 

• The maximum return portfolio showed no outperformance; 

• The maximum Sharpe portfolio showed no outperformance; and 

• The model did not suggest diversification for maximum return and Sharpe 

portfolios. 

 

Therefore, the results suggest that production diversification is a worthy risk 

mitigation strategy. However, the results also show that production diversification is 

not beneficial when it is desired to optimise the average return and Sharpe ratio. 

5.2.4 SUMMARY 

The results for the north-west Free State with average, above-average and below-

average rainfall conditions suggest that production diversification is a suitable 

strategy for risk mitigation. This statement can be made, supported by the results 

which show that production diversification was present in all three of the minimum-

risk portfolios. These minimum-risk portfolios were able to decrease risk by 3.81%, 

on average, as seen in Table 5.8. 

Table 5.8: Outperformance results of the north-west Free State region with 

average, above-average and below-average rainfall conditions.  

Region 
Rainfall 
Conditions 

Outperformance of diversified portfolios  
compared to non-diversified portfolios. 

Average 

n
o
rt

h
-w

e
s
t 
F

re
e
 S

ta
te

 

Average 

Risk decreased between 2.32% - 6.27% 4.30% 

Return increased between 4.59% - 19.77% 12.18% 

Sharpe increased between 2,82 - 5,69 4,255 

Above 
Average 

Risk decreased between 0.01% - 8.53% 4.27% 

Return increased between 3.09% - 21.51% 12.30% 

Sharpe increased between 1,61 - 4,36 2,985 

Below 
Average 

Risk decreased between 0.50% - 5.26% 2.88% 

Return increased between 0.00% - 0.00% 0.00% 

Sharpe increased between 0 - 0 0 

Rainfall 
conditions 
combined: 

Average risk decreased 3.81% 

Average return increase 8.16% 

Average Sharpe increase 2,413 

Source: Author’s calculation  
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Production diversification was suggested in only the average and above-average 

rainfall conditions for those producers who opted to maximise return or the Sharpe 

ratio. If the recommended production allocation were to be planted, return would 

increase by 8.16%, on average, and the Sharpe ratio by 2.413, on average. 

Therefore, producers in the north-west Free State are strongly advised to use the 

optimal allocation provided as a guideline to minimise their risk and maximise return 

and the Sharpe ratio. 

5.3 NORTH WEST  

The North West province contributes 14.6% of the total national maize production, 

and 36.4% and 3.7% of the total sunflower and soya bean production. Sunflower had 

the highest average return (23.15%) and the lowest standard deviation (18.76%), in 

comparison with the other three commodities in this region. Therefore, a high 

allocation of sunflower is expected. The explanation for this is similar to that given in 

Section 5.1, paragraph two. The seasons assigned to each rainfall condition 

category are seen in Table 3.2. 

5.3.1 AVERAGE RAINFALL CONDITIONS 

Table 5.9 shows the results and recommendation for summer grain and oilseed 

producers in the North West region, with average rainfall conditions. 

Table 5.9: Optimum allocation weight for each crop, given certain objectives 

for North West region.  

  Optimum portfolio allocation Non-diversified portfolios 

Rainfall 
condition  

 Minimum 
Risk 

Max 
Return 

Max 
Sharpe 

100%  
YM 

100% 
 WM 

100% 
 Sun 

100% 
Soya 

Average 

Yellow Maize 0,0% 0,00% 4,7% 100% 0,00% 0,00% 0,00% 

White Maize 17,1% 42,86% 19,7% 0,00% 100% 0,00% 0,00% 

Sunflower 57,9% 57,14% 75,6% 0,00% 0,00% 100% 0,00% 

Soya bean 25,0% 0,00% 0,0% 0,00% 0,00% 0,00% 100% 

  100,0% 100,00% 100,0% 100% 100% 100% 100% 

Standard  
deviation 

8,8% 26,51% 24,8% 15,11% 17,39% 10,60% 14,57% 

Average 
Returns 

20,1% 11,71% 9,2% -0,56% 2,66% 23,24% -11,84% 

Sharpe ratio 2,287 2,47 2,65 0,16 0,65 1,94 -1,39 

Source: Author’s calculation 
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In Table 5.9, the value of production diversification is clear, with all the optimal 

portfolios resulting in the allocation of at least two different crops. The results 

suggest that a high percentage sunflower allocation was expected in all three optimal 

portfolios. The risk and return results of all three portfolios in the average rainfall 

category are significant. Figures 5.15 and 5.16 reflect optimal allocation and 

performances of the portfolios. This is done to evaluate the value of production 

diversification as a risk mitigation strategy for summer grain and oilseed producers in 

the North West, considering average rainfall conditions.  

The recommendations for optimal production allocation are shown in Figure 5.15, 

and it is important to notice that: 

• High allocation of sunflower is suggested, as expected; 

• Production allocation of mostly sunflower, white maize and soya bean is 

recommended; and 

• Little to no yellow maize production is recommended (max Sharpe portfolio). 

 

 
Figure 5.15: Optimum allocation: Average rainfall 

Source: Own compilation  
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Figure 5.16: Portfolio performance: Average rainfall 

Source: Own compilation  

Figure 5.16 shows the three optimal diversified portfolios, compared with the four 

non-diversified portfolios, and the result is as follows: 

• The minimum risk portfolio shows between 1.77% and 8.56% less risk; 

• The maximum return portfolio shows between 1.71% and 38.35% more 

return; and 

• The maximum Sharpe portfolio showed a better value between 0.71 and 

4.04. 

5.3.2 ABOVE-AVERAGE RAINFALL CONDITIONS 

Table 5.10 shows the results and recommendation for summer grain and oilseed 

producers in the North West region, with above-average rainfall conditions. 
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Table 5.10: Optimum allocation weight for each crop, given certain objectives 

for North West region.  

  Optimum portfolio allocation Non-diversified portfolios 

Rainfall 
condition  

 Minimum 
Risk 

Max 
Return 

Max 
Sharpe 

100%  
YM 

100% 
 WM 

100% 
 Sun 

100% 
Soya 

Above 
average 

Yellow Maize 4,44% 0,00% 1,48% 100% 0,00% 0,00% 0,00% 

White Maize 27,59% 40,00% 45,46% 0,00% 100% 0,00% 0,00% 

Sunflower 67,97% 60,00% 53,06% 0,00% 0,00% 100% 0,00% 

Soya bean 0,00% 0,00% 0,00% 0,00% 0,00% 0,00% 100% 

  100% 100% 100% 100% 100% 100% 100% 

Standard  
deviation 

7,90% 13,17% 10,79% 11,92% 15,58% 9,57% 17,86% 

Average 
Returns 

23,40% 27,48% 26,44% 18,23% 20,69% 23,75% 
-

30,43% 

Sharpe ratio 4,46 2,28 4,79 3,64 3,82 2,50 -1,56 

Source: Author’s calculations 

Diversification is distinct in Table 5.10, with all three of the optimal portfolios resulting 

in the allocation of at least two different crops. The results obtained appear to be 

significant for the reason that a high percentage weight is allocated to sunflower in 

almost all the portfolios within all three rainfall condition categories. Furthermore, the 

risk and return results of all three portfolios in the average rainfall category is 

significant. 

The recommendations for optimal production allocation as shown in Figure 5.17, and 

it is important to note:  

• The high allocation of sunflower and white maize; 

• That the production allocation of sunflower, white maize and yellow maize is 

recommended; and 

• The no soya bean production is recommended for this region in above-

normal rainfall conditions. 
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Figure 5.17: Optimum allocation: Above-average rainfall 

Source: Own compilation  

 

 

Figure 5.18: Portfolio performance: Above-average rainfall 

Source: Own compilation  

The outperformance of the three optimal diversified portfolios, compared with the 

four non-diversified portfolios, is as follows (also see Figure 5.18): 

• The minimum risk portfolio showed between 1.67% and 9.96% less risk; 

• The maximum return portfolio showed between 3.73% and 57.91% more 

return; and 
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• The maximum Sharpe portfolio showed a better value of between 0.97 and 

6.35. 

5.3.3 BELOW-AVERAGE CONDITIONS 

Table 5.11 shows the results and recommendation for summer grain and oilseed 

producers in the North West region, with below-average rainfall conditions. 

Table 5.11: Optimum allocation weight for each crop, given certain objectives 

for North West region.  

  Optimum portfolio allocation Non-diversified portfolios 

Rainfall 
condition  

 Minimum 
Risk 

Max 
Return 

Max 
Sharpe 

100%  
YM 

100% 
 WM 

100% 
 Sun 

100% 
Soya 

Below 
average 

Yellow Maize 0,00% 0,00% 0,00% 100% 0,00% 0,00% 0,00% 

White Maize 0,00% 0,00% 0,00% 0,00% 100% 0,00% 0,00% 

Sunflower 91,40% 100,00% 100,00% 0,00% 0,00% 100% 0,00% 

Soya bean 8,60% 0,00% 0,00% 0,00% 0,00% 0,00% 100% 

  100,00% 100,00% 100,00% 100% 100% 100% 100% 

Standard  
deviation 

5,70% 5,84% 5,84% 17,78% 19,02% 5,84% 15,56% 

Average 
Returns 

17,98% 21,37% 21,37% 
-

33,61% 
-33,15% 21,37% -54,17% 

Sharpe ratio 2,62 3,32 3,32 -1,79 -1,47 3,32 -5,01 

Source: Author’s calculations 

Table 5.11 suggests that no diversification should be considered for maximum return 

and maximum Sharpe in a below-average rainfall season. According to the model, 

the optimal allocation is 100% sunflower for maximum return, and 100% sunflower 

for maximum Sharpe. The explanation for this is similar to that of the east Free 

State, as stated in Section 5.1.1. 

The recommendations for optimal production allocation are seen in Figure 5.19 and 

are similar to the previous two rainfall conditions in that: 

• A high allocation of sunflower is present;  

• Production allocation of only sunflower and soya bean, if risk is to be 

minimised; 

• If return of Sharpe is to be optimised, then a 100% sunflower production is 

recommended; and 

• No production of white maize or yellow maize is recommended. 
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Figure 5.19: Optimum allocation: Below-average rainfall 

Source: Own compilation  

 

 
Figure 5.20: Portfolio performance: Below-average rainfall 

Source:  Own compilation  

Figure 5.20 shows a comparison between the three optimal portfolios and the four 

non-diversified portfolios. The results are as follows: 

• The minimum risk portfolio showed between 0.14% and 13.32% less risk; 

• The maximum return portfolio showed no outperformance; 

• The maximum Sharpe portfolio showed no outperformance; and  
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• The model did not suggest diversification for maximum return and Sharpe 

portfolios. 

5.3.4 SUMMARY 

The findings for North West with average, above-average and below-average rainfall 

conditions proved that production diversification is a viable strategy for risk 

mitigation. This is proven by the results which show that production diversification 

was present in all three of the minimum risk portfolios. These minimum risk portfolios 

might have decreased risk by 5.90%, on average, as seen in Table 5.12. 

Table 5.12: Outperformance results of the North West region, with average, 

above-average and below-average rainfall conditions  

Region 
Rainfall 
Conditions 

Outperformance of diversified portfolios  
compared to non-diversified portfolios. 

Average 
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Average 

Risk decreased between 1.77% - 8.56% 5.17% 

Return increased between 1.71% - 38.35% 20.03% 

Sharpe increased between 0,71 - 4,04 2,375 

Above 
Average 

Risk decreased between 1.67% - 9.96% 5.82% 

Return increased between 3.73% - 57.91% 30.82% 

Sharpe increased between 0,97 - 6,35 3,66 

Below 
Average 

Risk decreased between 0.14% - 13.32% 6.73% 

Return increased between 0.00% - 0.00% 0.00% 

Sharpe increased between 0 - 0 0 

Rainfall 
conditions 
combined: 

Average risk decreased 5.90% 

Average return increase 16.95% 

Average Sharpe increase 2,012 

Source: Author’s calculation  

Production diversification was suggested for only the average and above-average 

rainfall conditions of producers who opted to maximise return or the Sharpe ratio. If 

the recommended production allocation was planted, return could have increased by 

16.95%, on average, and the Sharpe ratio by 2.012, on average. Therefore, 

producers in the North West are strongly advised to use the optimal allocation 

provided as a guideline to minimise their risk and maximise return and the Sharpe 

ratio. 

Furthermore, producers in this region are strongly recommended to use the optimal 

production allocation provided as a guideline to minimise their exposure to 

market/price risk.  
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5.4 KWAZULU-NATAL  

The KwaZulu-Natal province contributes only 5% maize and 9% soya bean of the 

total national production. According to DAFF (2018), no sunflower is produced in this 

region. Although the contribution maize and soya bean is low compared to the other 

regions. Risk mitigation through production diversification is still applicable for 

producers in this region.  

Figure 4.1 indicated that white maize had the highest average return (35.4%) and 

yellow maize the lowest standard deviation (13.8%) in comparison with the other 

commodities in this region. Analysis was done to ascertain whether white maize, 

yellow maize or soya bean showed the best average return and standard deviation, 

historically. It is important to note that this average return and standard deviation was 

calculated over the entire time period. Therefore, different rainfall seasons were not 

factored into this period.  

5.4.1 AVERAGE RAINFALL CONDITIONS 

Table 5.13 shows the results and recommendation for summer grain and oilseed 

producers in the KwaZulu-Natal region with average rainfall conditions. 

Table 5.13: Optimum allocation weight for each crop, given certain objectives 

for KwaZulu-Natal region.  

  Optimum portfolio allocation Non-diversified portfolios 

Rainfall 
condition  

 Minimum 
Risk 

Max 
Return 

Max 
Sharpe 

100%  
YM 

100% 
 WM 

100% 
Soya 

Average 

Yellow Maize 8,08% 9,09% 13,45% 100% 0,00% 0,00% 

White Maize 27,27% 54,55% 21,75% 0,00% 100% 0,00% 

Soya bean 64,65% 36,36% 64,79% 0,00% 0,00% 100% 

  100% 100% 100% 100% 100% 100% 

Standard  
deviation 

7,05% 10,33% 7,11% 9,54% 10,21% 8,95% 

Average 
Returns 

35,73% 38,42% 36,90% 35,60% 33,22% 32,78% 

Sharpe ratio 4,60 3,93 4,73 3,03 3,12 3,69 

Source: Author’s calculations 

Diversification is distinct in Table 5.13, with all three of the optimal portfolios resulting 

in the allocation of at least two different crops. The results obtained seem to be 

significant for the reason that a high percentage weight is allocated to white maize 
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and soya bean in all the portfolios. Furthermore, the risk and return results of all 

three portfolios in the average rainfall category is significant. 

The recommendations for optimal production allocation are seen in Figure 5.21, and 

it is important to notice: 

• The high allocation of white maize and soya bean; and 

• That all three portfolios are well diversified. 

 

 
Figure 5.21: Optimum allocation: Average rainfall 

Source: Own compilation  

 

 
Figure 5.22: Portfolio performance: Average rainfall 

Source: Own compilation  
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Figure 5.22 shows that all results are significant, using the criteria mentioned in 

Section 5.1.1. Comparing the three optimal portfolios with the three non-diversified 

portfolios, the outperformances are as follows: 

• The minimum risk portfolio showed between 1.9% and 3.16% less risk; 

• The maximum return portfolio showed between 3.15% and 5.97% more 

return; and 

• The maximum Sharpe portfolio showed a 1.04 to 1.70 better score. 

5.4.2 ABOVE-AVERAGE RAINFALL SEASON 

Table 5.14 shows the results and recommendation for summer grain and oilseed 

producers in the KwaZulu-Natal region with above-average rainfall conditions. 

Table 5.14: Optimum allocation weight for each crop, given certain objectives 

for KwaZulu-Natal region.  

  Optimum portfolio allocation Non-diversified portfolios 

Rainfall 
condition  

 Minimum 
Risk 

Max 
Return 

Max 
Sharpe 

100%  
YM 

100% 
 WM 

100% 
Soya 

Above 
average 

Yellow Maize 0,00% 100,00% 0,00% 100% 0,00% 0,00% 

White Maize 39,45% 0,00% 66,97% 0,00% 100% 0,00% 

Soya bean 60,55% 0,00% 33,03% 0,00% 0,00% 100% 

  100% 100% 100% 100% 100% 100% 

Standard  
deviation 

3,38% 5,37% 3,79% 5,37% 5,06% 4,18% 

Average 
Returns 

30,92% 44,36% 36,84% 44,36% 43,95% 22,43% 

Sharpe ratio 6,83 6,81 7,66 6,81 7,14 3,50 

Source: Author’s calculations 

Diversification is distinct in Table 5.14, with two of the three optimal portfolios 

resulting in the allocation of at least two different crops. The results obtained appear 

to be significant for the reason that a high percentage weight is allocated to white 

maize and soya bean in all the portfolios.  

The recommendations for optimal production allocation are seen in Figure 5.23, and 

it is important to notice: 

• The allocation of white maize and soya bean for minimum risk or maximum 

Sharpe; and 

• That 100% yellow maize production is recommended for optimal return. 
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Figure 5.23: Optimum allocation: Above-average rainfall 

Source: Own compilation  

 

 

Figure 5.24: Portfolio performance: Above-average rainfall 

Source: Own compilation  

In Figure 5.24, the three optimal portfolios are compared with the three non-

diversified portfolios, and the outperformance areas are as follows: 

• The minimum risk portfolio showed between 0.8% and 1.99% less risk; 

• The maximum return portfolio showed up to 21.93% more return; and 

• The maximum Sharpe portfolio showed a 0.52 to 4.16 better score. 
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5.4.3 BELOW-AVERAGE RAINFALL CONDITIONS 

Table 5.15 shows the results and recommendation for summer grain and oilseed 

producers in the KwaZulu-Natal region with above-average rainfall conditions. 

Table 5.15: Optimum allocation weight for each crop, given certain objectives 

for KwaZulu-Natal region.  

  Optimum portfolio allocation Non-diversified portfolios 

Rainfall 
condition  

 Minimum 
Risk 

Max 
Return 

Max 
Sharpe 

100%  
YM 

100% 
 WM 

100% 
Soya 

Below 
average 

Yellow Maize 25,43% 0,00% 0,00% 100% 0,00% 0,00% 

White Maize 1,61% 50,00% 54,54% 0,00% 100% 0,00% 

Soya bean 72,96% 50,00% 45,46% 0,00% 0,00% 100% 

  100% 100% 100% 100% 100% 100% 

Standard  
deviation 

6,92% 8,37% 8,17% 11,05% 13,31% 10,93% 

Average 
Returns 

29,38% 39,18% 38,17% 25,05% 36,40% 17,50% 

Sharpe ratio 5,71 6,06 6,38 1,56 2,15 0,89 

Source: Author’s calculation 

In Table 5.15, the value of diversification is clear, with all the optimal portfolios in this 

rainfall condition category resulting in the allocation of at least two different crops.  

The recommendations for optimal production allocation are seen in Figure 5.25, and 

it is important to notice: 

• The minimum risk portfolio allocated 25.4% to yellow maize, while the other 

two portfolios allocated high percentage weights to white maize and soya 

bean. 

 

 
Figure 5.25: Optimum allocation: Below-average rainfall 

Source: Own compilation  

 



100 
 

 

Figure 5.26: Portfolio performance: below-average rainfall 

Source: Own compilation  

Figure 5.26 shows a comparison between the three optimal portfolios and the four 

non-diversified portfolios. The results are as follows: 

• The minimum risk portfolio showed between 4.01% and 6.39% less risk; 

• The maximum return portfolio showed between 2.78% and 21.68% more 

return; and 

• The maximum Sharpe portfolio showed a 3.88 to 5.49 better score. 

5.4.4 SUMMARY 

The results for KwaZulu-Natal with the average, above-average and below-average 

rainfall conditions give a clear indication that production diversification is a suitable 

strategy for risk mitigation. This is motivated by all three of the optimal minimum risk 

portfolios, which suggest that production diversification, on average, might decrease 

risk by 3.04% (see Table 5.16). The results reflected in Table 5.16 also show that 

production diversification decreased average risk the most in below-average rainfall 

conditions.  
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Table 5.16: Outperformance results of KwaZulu-Natal region with average, 

above-average and below-average rainfall conditions.  

Region 
Rainfall 
Conditions 

Outperformance of diversified portfolios  
compared to non-diversified portfolios. 

Average 

K
w

a
-Z

u
lu

 N
a
ta

l 

Average 

Risk decreased between 1.90% - 3.16% 2.53% 

Return increased between 3.15% - 5.97% 4.56% 

Sharpe increased between 1,04 - 1,7 1,37 

Above 
Average 

Risk decreased between 0.80% - 1.99% 1.40% 

Return increased between 0.00% - 21.93% 10.97% 

Sharpe increased between 0,52 - 4,16 2,34 

Below 
Average 

Risk decreased between 4.01% - 6.39% 5.20% 

Return increased between 2.78% - 21.68% 12.23% 

Sharpe increased between 3,88 - 5,49 4,685 

Rainfall 
conditions 
combined: 

Average risk decreased 3.04% 

Average return increase 9.25% 

Average Sharpe increase 2,798 

Source: Author’s calculation  

Two out of the three maximum risk portfolios suggested diversification, and all three 

maximum Sharpe portfolios suggested diversification. Table 5.15 illustrates that 

optimal diversification might have, on average, increased returns received by 9.25% 

and the Sharpe ratio by 2.798. Therefore, producers are strongly recommended to 

use the optimal allocation provided as a guideline to minimise their risk. This 

recommendation can also be used if producers want to maximise return or their 

Sharpe ratio.  

5.5 CONCLUSION  

Production diversification obtained a 100% success rate in risk mitigation for 

producers in the different regions and rainfall conditions. This is supported by the 

findings which suggest production diversification for all 12 of the 12 minimum-risk 

scenarios, given the assumptions made and the limitations known. Producers in the 

eastern Free State region might mitigate risk by up to 7.29%, on average, if the given 

optimal production allocation is used. Moreover, risk can be mitigated, on average, 

by 3.81%, 5.90% and 3.04% for north-west Free State, North West and KwaZulu-

Natal, respectively. Notably, production diversification in the eastern Free State 

region under the average rainfall condition scenario showed the best risk mitigation 

of 21.07%. This is compared with the other rainfall conditions with each region.  
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The findings also illustrated the merit of production diversification for maximising 

return and maximising the Sharpe ratio. Production diversification was present in 9 

out of the 12 maximum return scenarios, and in 10 out of the 12 maximum Sharpe 

scenarios. Compared with the other regions, the North West showed the highest 

level of increased average return (16.95%), and KwaZulu-Natal was shown to be the 

region with highest increase in Sharpe ratio (4.69), through using production 

diversification. Recommendations were also made for optimal production allocation 

of white and yellow maize, sunflower seed and soya bean in different regions and 

expected rainfall conditions.  
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CHAPTER 6: SUMMARY, CONCLUSION AND RECOMMENDATION  

Chapter 6 sets out an overall summary of and conclusion on the value of production 

diversification as a risk mitigation strategy for summer grain and oilseed producers in 

South Africa. In addition, risk management recommendations for these producers 

are provided. This chapter will conclude with sections on the limitations encountered 

and suggestions for possible future research. 

6.1 SUMMARY AND CONCLUSION 

Risk in agriculture is extensive due to the unpredictable threats faced by producers 

on macro- and micro-economic levels. Producers are generally faced with three 

types of risk, namely financial risk, production/marketing risk, and price risk. Since 

the South African commodity market was deregulated in January 1997, producers 

has been exposed to highly volatile, competitive markets for inputs and outputs, thus 

leading to significant increased impacts on price risk for grain producers. As a result, 

risk management is crucially important for producers and it is expected to become 

more vital in the future due to this increasing price risk. Currently, only a few risk 

management tools or instruments are available for managing price risk. This 

situation has given rise to the opportunity to research one of few price risk 

management instruments, namely production diversification. This study examined 

the value of production diversification for South African summer grains and oilseed 

producers, as a strategy for risk mitigation, while assessing the value of production 

diversification for maximising return and the Sharpe ratio. In addition to this, the 

optimal production allocations for producers of white and yellow maize, sunflower 

seed and soya bean, in different regions and expected rainfall conditions, were 

identified.  

 

A literature review on portfolio theories was conducted, and Markowitz’s Modern 

Portfolio Theory, also known as Markowitz’s mean variance optimisation model, was 

selected as being the most appropriate. This theory suggests that the variance of the 

return of an investment portfolio can be decreased by including additional assets. 

The goal of Markowitz’s Modern Portfolio Theory is to generate optimal allocation 

through identifying a set of actions or choices that minimise variance (risk) for a 
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certain level of expected returns, or maximise expected returns, given a level of 

variance (risk). The review of numerous studies identified the successful application 

of this theory in agricultural risk management. The core of Markowitz’s Modern 

Portfolio Theory lies in the diversification of assets. Various types of diversification 

are possible in agriculture, and this study focused on production diversification. The 

effects of crop production diversification are reflected in the relationships between 

absolute risk levels and the number of crops included in a portfolio. The literature 

suggested that price risk is reduced significantly as additional assets are added to a 

single product portfolio. Therefore, adding another crop to an existing rotation or 

creating an entirely new portfolio might constitute an effective risk mitigation strategy. 

The data in the study consisted of the following data: commodity price, commodity 

production cost, three-month JIBAR yield, and rainfall. The production cost data and 

rainfall data were collected per region, with the surveyed regions being the eastern 

Free State, north-west Free State, the North West and KwaZulu-Natal. Commodity 

price data and commodity production cost data were used to calculate the daily 

returns per crop in each region; and further to compute average returns and 

standard deviation using the Markowitz’s Modern Portfolio Theory as the 

methodology. The three-month JIBAR yield was used as the risk-free rate of return in 

the Sharpe ratio calculation. The rainfall data were used to establish above-average, 

average and below-average rainfall categories. Accordingly, Markowitz’s mean-

variance optimisation model was developed for 12 different scenarios (a scenario for 

each of the three rainfall categories in all four regions).  

The results of these 12 scenarios suggested that, in order for farmers in these 

regions to minimise risk, a diversified production strategy should be followed. This 

production diversification strategy can mitigate risk by up to 21.07% in some cases, 

when compared with non-diversified production practices. Production diversification 

can reduce risk, on average, by 3.04% for KwaZulu-Natal producers, 3.81% for 

north-west Free State producers, 5.90% for North West producers, and 7.29% for 

eastern Free State producers. Therefore, production diversification is a worthy risk 

mitigation strategy for summer grain and oilseed producers in South Africa. 

The findings also implied that if an average or above-average rainfall season is 

expected, producers in the east Free State and North West are recommended to 
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allocate higher percentages of total production to sunflower, while producers in the 

north-west Free State and KwaZulu-Natal should do so for soya bean. On the other 

hand, if a below-average rainfall season is expected, higher allocations of sunflower 

are recommended for the north-west Free State and North West producers. 

Furthermore, white maize and soya bean are recommended for the east Free State 

and KwaZulu-Natal in a below-normal rainfall season. It is important to note that 

these are only the crops that provide the lowest standard deviation of return, and that 

producers should use the optimal production allocation given in Chapter 5 as a risk 

management tool. The findings also illustrated the merit of production diversification 

for maximising return and maximising the Sharpe ratio. In the scenarios, production 

diversification increased return by up to 21.07%, with an average increase of 

between 8.16% and 16.95%, within the four regions when all rainfall conditions are 

considered. In case of the maximum Sharpe scenarios, production diversification 

showed between 0.95 and 2.80 higher Sharpe ratio scores, on average, within these 

four regions when all rainfall conditions are considered.  

6.2 RECOMMENDATIONS 

Although risk is an ongoing concern for summer grain and oilseed producers in 

South Africa, this study suggests that the risks faced by producers can be reduced, 

but not eliminated, by using production diversification. These findings are only for 

producers in the eastern Free State, north-west Free State, North West and 

KwaZulu-Natal. Producers in these regions are strongly recommended to diversify 

production according to the optimal allocations suggested. Furthermore, it is 

recommended that producers should confer with climatologists and weather forecast 

organisations to determine the expected rainfall conditions, before planning 

production proceedings in order to ensure the optimal allocations are selected for the 

specific rainfall conditions within the applicable region. 

Although price risk is reduced by production diversification, it is also recommended 

that producers use other risk management instruments in collaboration with 

production diversification to ensure that the risk of adverse price movements is 

mitigated as far as possible. Other risk management instruments recommended 

include: 1) hedging of market prices through future contract or options, 2) the use of 

crop insurance to protect crops (within the production phase) against acts of nature, 
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3) to use the necessary fertilisers and chemicals to ensure high yields and protect 

producers against production risk, and 4) the use of irrigation practices by producers 

to reduce risk accompanied with low rainfall (where producers have the required 

resources to use irrigation practices). It is also strongly recommended that 

production diversification be used in collaboration with other diversification 

strategies, including location diversification and cultivar diversification, to further 

mitigate risk. 

6.3 LIMITATIONS TO THE STUDY 

The lack of data limited the results of this study in the following ways: 

Firstly, results that are more comprehensive might have been obtained if production 

cost data for more regions were available. The production cost data details were 

limited to the four regions as provided by Grain SA. Production cost data for regions 

such as Mpumalanga could have greatly contributed to this study. The reason for 

this is that Mpumalanga, as a region, has a large contribution (23.2% maize and 

10.4% soya bean) to the total national grain production. 

Secondly, production cost data and rainfall data specified to smaller geometric 

setting such as towns of districts might have led to results that were more location-

specific, together with the relevant recommendations. This could have eliminated the 

assumption which was made that all the producers in a specific region received the 

same rainfall and faced the same production costs.  

Lastly, an increased time period, thus more price data points, might have led to more 

accurate results being derived. This could especially increase the 

comprehensiveness of results for the scenarios in this study that consisted of only 

one production season, for example the North West region with below-average 

rainfall conditions and KwaZulu-Natal with above-average rainfall conditions. The 

limitations on the time period and price data points were attributable to soya beans 

first being listed on 2nd May 2002. Therefore, the 2nd May 2002 price data points 

were also used for the other three commodities to ensure similar a time frame for the 

commodities.  
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6.4 FUTURE RESEARCH 

Further studies could utilise one standard hedging month as the price for the 

production year for each commodity, thus using only the July contract prices to 

obtain the daily market price for white maize, yellow maize, soya bean and 

sunflower. Further research could also focus on smaller areas, for example the 

Hoopstad district, if necessary data becomes available in the future. Therefore, the 

same methodology could be used with different, smaller-area scenarios. Data inputs 

for these smaller areas would include the production costs and rainfall for a specific 

area, for example the historical production cost and rainfall data for the Hoopstad 

district. This would present more location-specific results and recommendations for 

certain production areas.  

Further research could include a wider variety of commodities to increase the 

diversification possibilities, for example dry beans, peanuts, sorghum, and potatoes, 

depending on the region. This study included only the four most prominent grains 

produced in the study area.  

Winter grains, like wheat and canola, could also be analysed against the current 

summer grain and oilseed scenarios. By doing this, risk mitigating strategies derived 

through production diversification in areas where both summer and winter crop 

production is possible could be identified. 

Lastly, the inclusion of irrigation production is recommended for future research. This 

would entail a comparison between risks associated with irrigation and dryland 

practices. These results would give a strong academic contribution to the field of 

agricultural risk management. 
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Appendix 

A1: Eastern Free State: minimum risk scenario expecting average, above-

average and below-average rainfall conditions 

 

E Free State above average rainfall   E Free State below average rainfall 

Min risk scenarios     Min risk scenarios   

 Season 4 8 9 
Average 

  

   Season 10 
Average 
  Allocation 2005/2006 2009/2010 2010/2011  Allocation 2011/2012 

YM 15,91% 0,00% 0,00% 5,30%   YM 0,00% 0,00% 

WM 0,00% 12,25% 0,00% 4,08%   WM 69,41% 69,41% 

Sun 27,88% 62,73% 74,79% 55,13%   Sun 30,59% 30,59% 

Soya 56,21% 25,02% 25,21% 35,48%   Soya 0,00% 0,00% 

        #DIV/0!   0 100,00% 100,00% 

Standard 
deviation 

10,84% 5,40% 11,33% 9,19% 
  

Standard 
deviation 

11,01% 11,01% 

Average 
Returns 

-5,18% 9,13% 19,02% 7,66% 
  

Average 
Returns 

9,99% 9,99% 

Sharpe -1,197 0,244 0,990 0,01   Sharpe 0,20 0,20 

 

A2: Eastern Free State: maximum return scenario expecting average, above-

average and below-average rainfall conditions 

E Free State average rainfall                   

Max return scenarios   

Season 1 2 3 5 6 7 11 12 13 14 15 

Average 
Allocation 

2002/ 
2003 

2003/ 
2004 

2004/ 
2005 

2006/ 
2007 

2007/ 
2008 

2008/ 
2009 

2012/ 
2013 

2013/ 
2014 

2014/ 
2015 

2015/ 
2016 

2016/ 
2017 

YM 0% 0% 0% 0% 100% 0% 0% 0% 0% 0% 0% 9,09% 

WM 100% 0% 0% 100% 0% 0% 0% 0% 0% 100% 100% 36,36% 

Sun 0% 100% 100% 0% 0% 0% 0% 0% 100% 0% 0% 27,27% 

Soya 0% 0% 0% 0% 0% 100% 100% 100% 0% 0% 0% 27,27% 

  100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100,00% 

Standard 
deviation 

26% 15% 10% 14% 4% 8% 8% 7% 4% 18% 23% 12,36% 

Average 
Returns 

25% 15% 9% -6% 42% 27% 26% 40% 26% 16% 26% 22,43% 

Sharpe 0,656 0,476 0,141 -1,01 9,50 2,41 2,29 4,81 4,06 0,49 0,80 2,238 
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E Free State above 
average rainfall         

E Free State below average 
rainfall   

Max return scenarios     Max return scenarios   

 Season 4 8 9 

Average 

   Season 10 

Average 

Allocation 2005/2006 2009/2010 2010/2011   Allocation 2011/2012 

YM 0% 0% 0% 0,00%   YM 0% 0,00% 

WM 100% 0% 0% 33,33%   WM 100% 100,00% 

Sun 0% 100% 100% 66,67%   Sun 0% 0,00% 

Soya 0% 0% 0% 0,00%   Soya 0% 0,00% 

  100% 100% 100% 100,00%   0 100% 100,00% 

Standard 
deviation 26% 7% 12% 

14,96% 
  Standard deviation 12% 

11,97% 

Average 
Returns 3% 11% 21% 

11,56% 
  Average Returns 10% 

9,75% 

Sharpe -0,20 0,44 1,12 0,45   Sharpe 0,16 0,16 

 

A3: Eastern Free State: maximum Sharpe scenario expecting average, above-

average and below-average rainfall conditions 

E Free State average rainfall   

Max Sharpe scenarios   

Season 1 2 3 5 6 7 11 12 13 14 15 

Average 
Allocation 

2002/ 
2003 

2003/ 
2004 

2004/ 
2005 

2006/ 
2007 

2007/ 
2008 

2008/ 
2009 

2012/ 
2013 

2013/ 
2014 

2014/ 
2015 

2015/ 
2016 

2016/ 
2017 

YW 0% 0% 0% 100% 7% 0% 0% 0% 0% 0% 0% 9,77% 

WM 100% 0% 0% 0% 93% 0% 0% 0% 0% 0% 0% 17,51% 

Sun 0% 100% 100% 0% 0% 0% 68% 25% 100% 100% 100% 53,90% 

Soya 0% 0% 0% 0% 0% 100% 32% 75% 0% 0% 0% 18,82% 

  100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100,00% 

Average 
Returns 26% 15% 10% 18% 3% 8% 7% 6% 4% 4% 4% 

9,60% 

Standard 
deviation 25% 15% 9% -8% 40% 27% 25% 37% 26% 26% 26% 

22,51% 

Sharpe 0,66 0,48 0,14 -0,87 10,32 2,41 2,47 4,92 4,06 4,06 4,06 2,973 

 

E Free State above average rainfall  E Free State below average rainfall 

Max Sharpe scenarios     Max Sharpe scenarios   

 Season 4 8 9 Average 
  

   Season 10 
Average  

Allocation 2005/2006 2009/2010 2010/2011   Allocation 2011/2012 

YM 0,00% 0,00% 0,00% 0,00%   YM 0,00% 0,00% 

WM 100,00% 0,00% 0,00% 33,33%   WM 50,99% 50,99% 

Sun 0,00% 87,63% 100,00% 62,54%   Sun 49,01% 49,01% 

Soya 0,00% 12,37% 0,00% 4,12%   Soya 0,00% 0,00% 

        #DIV/0!   0 100,00% 100,00% 

Standard 
deviation 25,76% 6,53% 11,65% 

14,65% 
  Average Returns 11% 

11,37% 

Average 
Returns 2,74% 10,69% 20,88% 

11,44% 
  

Standard 
deviation 10% 

10,13% 

Sharpe -0,197 0,443 1,122 0,46   Sharpe 0,20 0,20 
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A4: North West: minimum risk scenario expecting average, above-average and 

below-average rainfall conditions 

NW Average rainfall           

Min risk scenarios   

Season 1 2 3 7 11 12 14 

Average 
Allocation 

2002/ 
2003 

2003/ 
2004 

2004/ 
2005 

2008/ 
2009 

2012/ 
2013 

2013/ 
2014 

2015/ 
2016 

YM 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

WM 100,0% 0,0% 0,0% 100,0% 0,0% 19,5% 0,0% 31,4% 

Sun 0,0% 0,0% 100,0% 0,0% 100,0% 80,5% 100,0% 54,4% 

Soya 0,0% 100,0% 0,0% 0,0% 0,0% 0,0% 0,0% 14,3% 

  100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 

Standard 
deviation 

28,0% 14,0% 8,4% 5,1% 7,2% 4,8% 9,5% 11,0% 

Average 
Returns 

17,8% 0,6% 20,5% 34,1% 17,9% 39,7% 36,5% 23,9% 

Sharpe 0,356 -0,514 1,508 5,181 1,393 6,679 3,029 2,519 

 

NW Above average         

Min risk scenarios   

 Season 4 6 8 9 15 Average 

Allocation 2005/2006 2007/2008 2009/2010 2010/2011 2016/2017 
  

YM 22% 0% 0% 0% 0% 4,44% 

WM 0% 100% 32% 6% 0% 27,59% 

Sun 78% 0% 68% 94% 100% 67,97% 

Soya 0% 0% 0% 0% 0% 0,00% 

0 0% 100% 100% 100% 100% 100,00% 

Standard 
deviation 

12% 3% 5% 9% 11% 7,90% 

Average 
Returns 

-13% 52% 20% 36% 23% 23,40% 

Sharpe -1,74 17,14 2,40 3,08 1,41 4,46 

 

NW Below average 

Min risk scenarios   

 Season 5 10 13 Average 

Allocation 
2006-
2007 

2011-
2012 

2014-
2015 

  

YM 0,00% 0,00% 0,00% 0,00% 

WM 0,00% 0,00% 0,00% 0,00% 

Sun 100,00% 100,00% 74,19% 91,40% 

Soya 0,00% 0,00% 25,81% 8,60% 

        #DIV/0! 

Standard 
deviation 

9,12% 3,83% 4,14% 5,70% 

Average 
Returns 

8,01% 33,49% 12,45% 17,98% 

Sharpe 0,022 6,715 1,121 2,62 
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A5: North West: maximum return scenario expecting average, above-average 

and below-average rainfall conditions 

NW Average rainfall 

Max return scenarios   

Season 1 2 3 7 11 12 14 

Average 
Allocation 

2002/ 
2003 

2003/ 
2004 

2004/ 
2005 

2008/ 
2009 

2012/ 
2013 

2013/ 
2014 

2015/ 
2016 

YM 0% 0% 0% 0% 0% 0% 0% 0,00% 

WM 100% 0% 0% 100% 0% 100% 0% 42,86% 

Sun 0% 100% 100% 0% 100% 0% 100% 57,14% 

Soya 0% 0% 0% 0% 0% 0% 0% 0,00% 

  100% 100% 100% 100% 100% 100% 100% 100,00% 

Standard 
deviation 28% 16% 8% 5% 7% 7% 9% 

11,71% 

Average 
Returns 18% 9% 20% 34% 18% 49% 36% 

26,51% 

Sharpe 0,36 0,10 1,51 5,18 1,39 5,71 3,03 2,47 

 

NW Above average 

Max return scenarios   

 Season 4 6 8 9 15 Average 

Allocation 2005/2006 2007/2008 2009/2010 2010/2011 2016/2017 
  

YM 0% 0% 0% 0% 0% 0,00% 

WM 100% 100% 100% 0% 0% 60,00% 

Sun 0% 0% 0% 100% 100% 40,00% 

Soya 0% 0% 0% 0% 0% 0,00% 

0 100% 100% 100% 100% 100% 100,00% 

Standard 
deviation 26% 11% 11% 9% 11% 

13,80% 

Average 
Returns 0% 22% 22% 38% 23% 

20,86% 

Sharpe -0,30 1,24 1,24 3,27 1,41 1,37 

 

NW Below average   

Max return scenarios   

 Season 5 10 13 Average 

Allocation 
2006-
2007 

2011-
2012 

2014-
2015 

  

YM 0% 0% 0% 0,00% 

WM 0% 0% 0% 0,00% 

Sun 0% 100% 100% 66,67% 

Soya 100% 0% 0% 33,33% 

  100% 100% 100% 100,00% 

Standard 
deviation 31% 4% 5% 

13,14% 

Average 
Returns -77% 33% 23% 

-7,07% 

Sharpe -2,74 6,71 3,24 2,40 
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A6: North West: maximum Sharpe scenario expecting average, above-average 

and below-average rainfall conditions 

NW Average rainfall 

Max Sharpe scenarios   

Season 1 2 3 7 11 12 14 

Average 
Allocation 

2002/ 
2003 

2003/ 
2004 

2004/ 
2005 

2008/ 
2009 

2012/ 
2013 

2013/ 
2014 

2015/ 
2016 

YW 0,0% 32,9% 0,0% 0,0% 0,0% 0,0% 0,0% 4,7% 

WM 0,0% 0,0% 0,0% 100,0% 0,0% 38,0% 0,0% 19,7% 

Sun 100,0% 67,1% 100,0% 0,0% 100,0% 62,0% 100,0% 75,6% 

Soya 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

  100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 

Average 
Returns 14,0% 15,2% 8,4% 5,1% 7,2% 4,9% 9,5% 

9,2% 

Standard 
deviation 13,5% 9,3% 20,5% 34,1% 17,9% 41,9% 36,5% 

24,8% 

Sharpe 0,41 0,10 1,51 5,18 1,39 6,91 3,03 2,65 

 

NW Above average 

Max Sharpe scenarios   

 Season 4 6 8 9 15 Average 

Allocation 2005/2006 2007/2008 2009/2010 2010/2011 2016/2017   

YM 0% 7% 0% 0% 0% 1,48% 

WM 100% 93% 35% 0% 0% 45,46% 

Sun 0% 0% 65% 100% 100% 53,06% 

Soya 0% 0% 0% 0% 0% 0,00% 

0 0% 100% 100% 100% 100% 100,00% 

Average 
Returns 26% 3% 5% 9% 11% 

10,79% 

Standard 
deviation 0% 52% 20% 38% 23% 

26,44% 

Sharpe -0,30 17,16 2,41 3,27 1,41 4,79 

 

NW Below average 

Max Sharpe scenarios   

 Season 5 10 13 Average 

Allocation 
2006-
2007 

2011-
2012 

2014-
2015 

  

YM 0,00% 0,00% 0,00% 0,00% 

WM 0,00% 0,00% 0,00% 0,00% 

Sun 100,00% 100,00% 100,00% 100,00% 

Soya 0,00% 0,00% 0,00% 0,00% 

        #DIV/0! 

Average 
Returns 9,12% 3,83% 4,57% 

5,84% 

Standard 
deviation 8,01% 33,49% 22,60% 

21,37% 

Sharpe 0,022 6,715 3,237 3,32 
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A7: KwaZulu-Natal: Minimum risk scenario expecting average, above-average 

and below-average rainfall conditions 

KwaZulu-Natal Average 

Min risk scenarios   

 Season 1 2 3 4 5 6 7 8 9 10 12 15 

Average 

Allocation 
2002/ 
2003 

2003/ 
2004 

2004/ 
2005 

2005/ 
2006 

2006/ 
2007 

2007/ 
2008 

2008/ 
2009 

2009/ 
2010 

2010/ 
2011 

2011/ 
2012 

2013/ 
2014 

2016/ 
2017 

YW 0% 0% 0% 0% 0% 0% 0% 30% 34% 9% 0% 0% 6,67% 

WM 0% 0% 0% 0% 0% 100% 100% 0% 0% 0% 0% 0% 18,18% 

Soya 100% 100% 100% 100% 100% 0% 0% 70% 66% 91% 100% 100% 75,15% 

  100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100,00% 

Std deviation 8% 7% 13% 8% 16% 4% 4% 7% 9% 3% 6% 9% 7,87% 

Average 
Returns 

27% 49% 36% 28% 2% 30% 47% 27% 32% 34% 44% 31% 32,39% 

Sharpe 2,41 5,62 2,17 2,44 -0,35 6,14 9,01 2,83 2,75 7,52 5,62 2,61 4,197 

 

KwaZulu-Natal Above average 
 

KwaZulu-Natal Below average 

Min risk scenarios  Min risk scenarios 

Season 11 

Average 

 Season 13 14 

Average 
Allocation 2012/2013  Allocation 2014/2015 2015/2016 

YM 0,00% 0,00% 
 YM 13,01% 37,85% 25,43% 

WM 39,45% 39,45%  WM 3,22% 0,00% 1,61% 

Soya 60,55% 60,55%  Soya 83,76% 62,15% 72,96% 

  100,00% 100,00%    100,00% 100,00% 100,00% 

Standard 
deviation 

3,38% 3,38% 
 

Standard 
deviation 2,98% 10,86% 

6,92% 

Average Returns 30,92% 30,92%  Average Returns 38,41% 20,35% 29,38% 

Sharpe 6,83 6,83  Sharpe 10,26 1,16 5,71 

 

A8: KwaZulu-Natal: maximum return scenario expecting average, above-

average and below-average rainfall conditions 

KwaZulu-Natal Average 

Max return scenarios   

 Season 1 2 3 4 5 6 7 8 9 10 12 15 

Average 

Allocation 
2002/ 
2003 

2003/ 
2004 

2004/ 
2005 

2005/ 
2006 

2006/ 
2007 

2007/ 
2008 

2008/ 
2009 

2009/ 
2010 

2010/ 
2011 

2011/ 
2012 

2013/ 
2014 

2016/ 
2017 

YW 0% 0% 0% 0% 0% 100% 0% 0% 0% 0% 0% 0% 9,09% 

WM 100% 100% 100% 100% 100% 0% 100% 0% 0% 100% 0% 100% 63,64% 

Soya 0% 0% 0% 0% 0% 0% 100% 100% 100% 0% 100% 0% 36,36% 

  100% 100% 100% 100% 100% 100% 5% 100% 100% 100% 100% 100% 91,40% 

Std deviation 20% 10% 18% 19% 8% 4% 54% 7% 9% 8% 6% 20% 14,71% 

Average 
Returns 42% 39% 34% 28% 39% 32% 847% 31% 34% 50% 44% 35% 

110,85% 

Sharpe 1,75 3,26 1,48 1,03 4,11 5,90 0,00 3,28 2,87 5,47 5,62 1,37 3,160 
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KwaZulu-Natal Above average  
 KwaZulu-Natal Below average  

Max return scenarios 
   Max return scenarios       

Season 11 

Average 

 Season 13 14 

Average 

Allocation 2012/2013  Allocation 2014/2015 2015/2016 

YM 0% 0,00%  YM 0,00% 0,00% 0,00% 

WM 67% 66,97%  WM 0,00% 100,00% 50,00% 

Soya 33% 33,03%  Soya 100,00% 0,00% 50,00% 

  100% 100,00%    100,00% 100,00% 100,00% 

Standard deviation 4% 3,79%  Standard deviation 3,42% 13,31% 8,37% 

Average Returns 37% 36,84%  Average Returns 41,97% 36,40% 39,18% 

Sharpe 7,66 7,66  Sharpe 9,98 2,15 6,06 

 

A9: KwaZulu-Natal: maximum Sharpe scenario expecting average, above-

average and below-average rainfall conditions 

KwaZulu-Natal Average 

Max Sharpe scenarios  

  1 2 3 4 5 6 7 8 9 10 12 15 

Average 

Allocation 
2002/ 
2003 

2003/ 
2004 

2004/ 
2005 

2005/ 
2006 

2006/ 
2007 

2007/ 
2008 

2008/ 
2009 

2009/ 
2010 

2010/ 
2011 

2011/ 
2012 

2013/ 
2014 

2016/ 
2017 

YW 0% 0% 83% 10% 0% 31% 0% 0% 0% 25% 0% 0% 13,45% 

WM 0% 0% 0% 0% 100% 69% 70% 0% 0% 0% 0% 0% 21,75% 

Soya 100% 100% 17% 90% 0% 0% 30% 100% 100% 75% 100% 100% 64,79% 

  100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100,00% 

Average 
Returns 8% 7% 13% 8% 8% 4% 4% 7% 9% 4% 6% 9% 

7,11% 

Standard 
deviation 27% 49% 38% 28% 39% 31% 49% 31% 34% 37% 44% 31% 

36,90% 

Sharpe 2,41 5,62 2,36 2,48 4,11 6,23 9,21 3,28 2,87 7,89 5,62 2,61 4,734 

 

KwaZulu-Natal Above average  KwaZulu-Natal Below average 

Max Sharpe scenarios  Max Sharpe scenarios 

Season 11 
Average  Season 13 14 

Average 
Allocation 2012/2013  Allocation 2014/2015 2015/2016 

YM 0,0% 
0,00% 

 YM 0,0% 0,0% 
0,0% 

WM 67,6% 67,55%  WM 9,1% 100,0% 54,5% 

Soya 32,4% 32,45%  Soya 90,9% 0,0% 45,5% 

  100,0% 100,00%      
 

Average Returns 3,8% 3,81%  Average Returns 3,0% 13,3% 8,2% 

Standard deviation 37,0% 0,37  Standard deviation 39,9% 36,4% 38,2% 

Sharpe 7,66 7,66  Sharpe 10,61 2,15 6,38 

 

 

 


