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INTRODUCTION

Agriculture is a crucial pillar of economic growth and
food security in developing nations, including South
Africa. The sector not only contributes to employment
and GDP but also provides income for millions, par-
ticularly small-scale farmers. However, agricultural
production is highly susceptible to climatic variability,
which poses significant risks to yields and farmer in-
comes. Extreme weather events such as droughts and
erratic rainfall patterns have intensified, increasing
uncertainty in agricultural output. As maize is a sta-
ple food crop and one of the most extensively culti-
vated commodities in South Africa, its production is
directly influenced by weather conditions. Given the
unpredictability of climate patterns, there is a press-
ing need for effective risk management tools to miti-
gate production losses. One such financial instrument
is weather derivatives, which can protect farmers from
adverse weather conditions that impact crop yields.
Despite their potential benefits, the adoption and ef-
fectiveness of weather derivatives in South Africa re-
main underexplored. The study aims to fill this gap
by evaluating how weather derivatives can be used to
manage maize yield risks in the South African agricul-
tural market.

A. Caldwell and D. Esterhuizen (2024) investigated
the effects of the EL Nino phenomenon on Southern
African agriculture, highlighting the severe drought
conditions that disrupted food production. Their study
emphasised the necessity of adaptive strategies such
as financial instruments to mitigate weather-related
risks. Several studies also explored the use of weather
derivatives in agricultural markets. J.D. Necker (2023)
analysed how weather derivatives could protect from
climate-induced vyield fluctuations, highlighting that
these methods provide financial stability to farmers
during extreme weather events. J. Ngango et al. (2022)
assessed the role of weather-indexed insurance in
sub-Saharan Africa and found that such instruments
help to reduce income volatility for smallholder farm-
ers, thereby promoting agricultural investment. Addi-
tionally, M.R. Benso (2023) compared weather deriva-
tives to traditional insurance mechanisms and argued
that derivatives offer a more flexible and efficient risk
management approach, as they do not require on-site
damage assessments.

Furthermore, G. Kutrolli (2021) explored different
weather-related financial instruments, including tem-
perature and rainfall derivatives, emphasising their
potential applications in commodity markets. The
study suggested that integration of weather deriva-
tives into existing agricultural financial frameworks
could enhance farmers’ resilience to climatic shocks.
S. Ramachandran et al. (2024) analysed the adoption
challenges of weather derivatives in developing econ-
omies, noting that limited financial literacy and market
accessibility hinder their widespread use. On the other
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spectrum,K.C.Machete et al.(2024) argued that increas-
ing awareness and providing policy support could en-
courage greater adoption among South African farmers.
Despite these insights, gaps remain in understanding
the practical implementation of weather derivatives in
South Africa’s maize market. The limited ability of farm-
ers to accurately forecast weather conditions and com-
modity yields poses a significant challenge in planning
production and financial strategies. Additionally, there
is insufficient information and tools available for devel-
oping effective hedging strategies against weather-in-
duced production risks.

Therefore, the study aimed to analyse the effec-
tiveness of weather derivatives as a risk management
method to mitigate maize yield volatility in the South
African agricultural market.

MATERIALS AND METHODS

In this section, the relationship between rainfall and
maize yield was highlighted by statistical tests. Fur-
ther analysis quantified the effects of rainfall and
maize yield and determined how it affected the price
of maize. Weather insurance was evaluated to deter-
mine whether it was suitable for farmers to effectively
hedge against adverse weather events. Weather de-
rivatives were examined by proposing two different
strategies for rainfall options: long call, and long put,
and tested their effectiveness as a hedging method for
farmers. This study used a quantitative design where
secondary data were used. Secondary data refers to the
use of data/information gathered or created by other
institutions or researchers. OLS models were used to
determine the correlation between rainfall and maize
yields, proposing hedging strategies for farmers based
on hypothetical scenarios.

The first step in the empirical portion of this study
involved gathering data from multiple sources, in-
cluding Grain SA, the South African Weather Service,
and the Johannesburg Stock Exchange (JSE). The his-
torical data collection was subject to encompass rain-
fall, input costs, spot prices for maize, and yields for
white maize farmed in the North-Western Free State
from 2000 to 2024. The South African Weather Ser-
vice (SAWS, 2024) provided historical rainfall records,
Grain SA provided historical yields, and the JSE provid-
ed historical spot prices for maize (JSE, 2024). Grain SA
also supplied historical input costs (Grain SA, 2024).
The secondary data gathered were processed annually,
to ensure stability in the models. OLS models were
used to determine the relationship between rainfall
and maize yield while considering other variables,
that provided a complete picture of factors affecting
maize yield. Three Ordinary Least Squares (OLS) mod-
els were estimated for three different regions in the
North-Western Free State. These OLS models were
used to indicate the relationship between the yields
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and costs involved that guide farmers in making in-
formed decisions to hedge their crops. The equation
below was the OLS model for Bothaville.
Y=p0+p1IXL+p2X2+ f3X3+p4X4+55X5+¢, (1)
where Y - dependent variable, in this model it was
Bothaville Yield; X - independent variables; O - inter-
cept (the value of Y when all X’s=0); f1 - slope for Both-
aville rainfall; 2 - slope for Spot prices; 3 - slope for
Total Capital cost; p4 - slope for Total cost per hectare;
/5 - slope for Cost per ton.
The equation below was the OLS model for Harrismith.
The equation below was the OLS model for Har-
rismith.
Y=40+p1X1+p2X2+B3X3+[4X4+5X5+¢, (2)
where Y - dependent variable, in this model it was Har-
rismith Yield; X - independent variable; O - intercept
(the value of Y when all X's= 0); #1 - slope for Har-
rismith rainfall; 52 - slope for Spot prices; 3 - slope
for Total Capital cost; 4 - slope for Total cost per hec-
tare; 5 - slope for Cost per ton.

The equation below was the OLS model for Hoop-
stad.

Y=40+B1X1+p2X2 +B3X3+BAX4+p5X5+¢, (3)

where Y - dependent variable, in this model it was
Hoopstad Yield; X - independent variable; O - intercept
(the value of Y when all X’s=0); 1 - slope for Hoop-
stad rainfall; 2 - slope for Spot prices; 3 - slope for
Total Capital cost; f4 - slope for Total cost per hectare;
S5 - slope for Cost per ton.

RESULTS AND DISCUSSION

This section illustrates and describes the descriptive
statistics of the data used throughout the study. De-
scriptive statistics determined the used collected data.
To provide an overview of the data used, the following
descriptive statistics are analysed and discussed with
the mean, median, maximum, minimum and standard
deviations of all variables (Bothaville rainfall, Har-
rismith rainfall, Hoopstad rainfall, Bothaville vyield,
Harrismith yield, Hoopstad yield, Total cost, Total cap-
ital cost, Cost per ton and spot prices). Table 1 shows
the descriptive statistics of all variables for the period
2000 to 2024.

Table 1. Descriptive statistics
Bot.haville Han:ismith Hoc.Jpstad Bo;?:;’; le Ha;riiesgith Ho;izf;ad Total cost "l'otal Cost/ton Spotprices
rainfall rainfall rainfall ton/ha ton/ha ton/ha pe/ha capital cost
Mean 36.4354 441847  25.9847 4.5550 44721 4.9658 6,721.7988  770.1029 16261.2971 2213.7515
Median 33.8833 455750  24.7500 4.7700 4.6350 5.0850 6,710.7350  831.6400  1,204.7080 2,003.4418
Maximum 70.6000 78.1667  47.5000 6.3000 7.2300 6.9800 12,000.2100 1,075.4000 2,467.0208 4,446.6083
Minimum 0.0000 9.1200 3.7000 2.0800 2.7700 2.7300 2,206.8500  481.4500 582.2823 693.6215
Std. Dev. 19.1392 15.6521  12.1013 1.0857 1.2299 1.1125 3,003.6583  204.5236 508.1064 1,042.5540
Skewness 0.2087 -0.0561 -0.0794 -0.4425 0.3759 -0.2239 0.0493 -0.1406 0.5203 0.7476
Kurtosis 2.1255 3.0470 2.1247 24681 2.3881 2.2893 1.8096 1.5553 24364 2.7696
Jarque-Bera 0.9389 0.0148 0.7914 1.0663 0.9397 0.7056 1.4267 2.1661 1.4005 2.2888
Probability 0.6254 0.9926 0.6732 0.5868 0.6251 0.7027 0.4900 0.3386 0.4965 0.3184
Observations 24 24 24 24 24 24 24 24 24 24

Source: compiled by the authors

Table 1 indicated that Bothaville has a mean of
36.44 mm of rain during the period 2000 until 2024,
with a minimum (min) rainfall of 0 and a maximum
(max) of 70.60 mm, and Bothaville has a high standard
deviation (std dev) of 19.14. The standard deviation in-
dicated a significant volatility in the weather patterns in
Bothaville. Harrismith has a higher mean than Bothav-
ille with 44.18 mm, a minimum of 9.12 mm, and a max-
imum of 78.17 mm. Harrismith’s rainfall during the peri-
od 2000 to 2024 was less volatile than Bothaville, with
a std dev of 15.65. Hoopstad received a mean rainfall
value of 25.98 mm during the period 2009-2024 with a
minimum of 3.7 mm and a maximum of 47.50 mm. The
std dev for Hoopstad is 12.10 indicating less volatility
in weather over the years. Possible reasons for volatility
may be climate change due to the season of drought
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in all free states. Harrismith received the most rainfall,
and Hoopstad the least rainfall on average.

Data represent the yield in Bothaville, Harrismith,
and Hoopstad in tons per hectare (tt/haha). Bothaville
hasanaverage of 4.56 t/ha with a minvalue of 2.08 t/ha
and a max value of 6.30 t/ha with a standard devia-
tion of 1.09 indicating a moderate level of volatility.
Harrismith has a lower mean yield compared to Both-
aville with a mean of 4.47 t/ha and a min of 2.77 t/ha
and a max of 7.23 t/ha, although the yield range is
higher than Bothaville, the std dev of Harrismith is
higher than 1.23, indicating higher volatility in yields
over the period of 2000 until 2024. Hoopstad has the
highest mean yield of 4.97 t/ha with a minimum val-
ue of 2.73 t/ha and a maximum value of 6.98 t/ha.
The std dev of Hoopstad is 1.11, which indicates lower




volatility compared to Harrismith and higher volatility
compared to Bothaville.

In this Section, the total cost per hectare (ZAR/ha),
total capital cost (ZAR), and the cost per ton (ZAR/t) are
presented. The mean of the total cost per hectare is
6,721.80 ZAR/ha with a min value of 2,206.85 ZAR/ha
and max value of 12,000.21 ZAR/ha and has a high
volatility shown by the std dev of 3003.66. The total
capital cost has a mean of 770.10 ZAR with a min of
481.45 ZAR and a max of 1,075.40 ZAR. The std dev
of the total capital cost is 204.52, which indicates the
medium levels of volatility experienced during the pe-
riod 2000 to 2024. The cost per ton has a mean value
of 1,261.30 ZAR with a min of 582.28 ZAR and a max of
2,467.02 ZAR, with a std dev of 508.11, which indicates
high volatility over the period. The high volatility in
cost per ton is attributable to the COVID-19 pandemic,
which affected the entire economy and disrupted the
supply and demand for agricultural commodities. The
mean of the spot price has a value of 2,213.75 ZAR with
a min of 693.62 ZAR and a max of 4,446.61 ZAR, with
a std dev of 1,042.55, indicating that there was high
volatility on the stock exchange for 2000 until 2024.

Most variables have skewness values close to
zero, indicating a relatively symmetrical distribution.
However, the price per ton and the price at the point
of sale show positive skewness, suggesting a longer
tail on the right side, and all variables with negative
skewness indicate that it has a longer tail on the left
side. Kurtosis values close to 3 indicate a normal dis-
tribution. Most variables have kurtosis values ranging
around 2-3, suggesting a distribution close to normal.
The Jarque Bera test for all variables indicates that
the probabilities for all variables are higher than 0.05,
indicating that the data do not deviate significantly
from a normal distribution.
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This section analysed the relationship between
rainfall and maize yield. Rainfall is measured in mil-
limetres (mm) and yields in tons per hectare. The
correlation between rainfall and maize yields will
be investigated for the three areas: Bothaville, Har-
rismith, and Hoopstad. Figure 1 illustrates how rain-
fall and maize yields changed from 2000 to 2024.
Figure 1 illustrates that the rainfall has experienced
great rainfall during the periods of 2003/04, 2005/06,
and 2006/07, with the highest amount of rainfall over
this period being for Harrismith, however, Harrismith
experienced a downward trend in terms of rainfall in
millimetres, which implies that over the sample period
of 2000 to 2024 each year the amount of rainfall re-
corded is diminishing. Bothaville had a significant in-
crease in rainfall from the 2008/09 season to 2011/12
and again in 2018/19 until 2022/23. Hoopstad had
increased rainfall over seasons 2007/08 to 2011/12,
then again in 2012/13 to 2014/15, again from 2015/16
until 2016/17,and in 2022/23 until 2023/24. Hoopstad
receives on average less rainfall than Harrismith and
Bothaville. The yields of all areas remain much more
stable than the rainfall; this can also be determined
by excessive rainfall during certain stages of the sea-
son, it does not result in higher yields. This implies that
white maize will only need a certain amount of rainfall
to a certain point where the excess rain will not cause
the yield to increase, and a lot of excess rain can cause
yield losses. This study is different from another study
where J.D. Necker (2023) used three locations, namely:
Bultfontein, Wesselsbron, and Hoopstad, whereas this
study focused on Bothaville, Harrismith, and Hoopstad.
Thus, in terms of location, only Hoopstad was used in
both studies, the sample period is also different as this
study used 2000 until 2024 whereas J.D. Necker (2023)
used 2000 until 2020.
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Figure 1. Rainfall and maize productions

Source: compiled by authors
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Figure 2 shows a positive correlation between
rainfall (mm) and yields (t/ha) for Bothaville. Figure 2
illustrates that rain will positively affect the yield in
Bothaville; as rainfall increases, the yield will also in-
crease, but only to an extent because extreme rainfall
can destroy the harvest.
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Figure 2. Bothaville correlation
Source: compiled by authors

Figure 3 shows a negative correlation between
rainfall (mm) and yields (t/ha) for Harrismith. Figure 3
illustrates that rain will negatively affect yield in Har-
rismith; as rainfall increases, yield will decrease.
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Figure 3. Harrismith correlation
Source: compiled by authors

Figure 4 demonstrated a positive correlation be-
tween rainfall (mm) and vyields (t/ha) for Hoopstad.
Figure 4 illustrates that rain will positively affect the
yield in Hoopstad as rainfall increases, the yield will
also increase, but only to an extent as extreme rainfall
can destroy the harvest.

The previous study by J.D. Necker (2023) also graph-
ically illustrated the correlation between rainfall and
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maize yields, and the results are similar in that this
study also illustrated the positive correlation between
rainfall and maize yields. In Table 2 the (OLS) model
was implemented where the yield per ton per hectare
is a dependent variable to determine how independent
variables affect the yield. Interception (C) is statistical-
ly significant, which means that if all other variables
are zero, the yield per hectare is 4.27 tons. Rainfall in
Bothaville has a positive and small influence on yields,
therefore rainfall in this model has insignificant impact
on yields. This finding related to a study by T.A. Mar-
ton et al. (2020) which also found that rainfall has an
impact on crop yield.
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Figure 4. Hoopstad correlation
Source: compiled by authors

Although in Figure 2 there is a positive relation-
ship between rainfall and yield, additional variables are
needed to ensure significant effects. Spot prices have a
negative impact on yields but are not significant. Total
capital costs have a positive, but statistically insignif-
icant, impact on yields. This indicates that changes in
capital cost do not significantly affect yield. The total
cost of each hectare has a positive and statistically sig-
nificant impact on yields. This shows that higher costs
per hectare are associated with higher yields. The cost
per ton has a negative and statistically significant ef-
fect on the yield. This indicates that higher per-tonne
costs are associated with lower yields. The squared R
of this 0.4069 model indicates that this model explains
40.69% of the yield variations. Adjusted R squared of
0.2422 shows that, after adjustment, the model ex-
plained only 24.22% of the yield variation. The prob-
ability (F-statistic) of 0.0716 indicates that the overall
model is statistically significant at 10%, indicating that
the variables together explain the variability of the
yield significantly. However, some variables, such as the
total cost per hectare and the cost per ton, are statisti-
cally important, and the overall model is not suitable to
effectively determine yields and additional variables, or
different models are needed.
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Table 2. Bothaville OLS model

() (b) Bothaville

() Variables (d) Coefficient (e) Probability
(f) C (9) 4.270846 (h) 0.000089
(i) BOTHAVILLE_RAINFALL_MM_ (0] 0.004826 (k) 0.695158
(0] SPOTPRICES (m) -0.000375 (n) 0.295484
(0) TOTAL_CAPITAL_COST (p) 0.000556 (a) 0.778585
(r) TOTAL_COST__ PE_HA_ (s) 0.000453 (t) 0.022964
(u) COST__TON_ v) -0.002010 (w) 0.014025
x) ) @

(aa) R-squared (bb) 0.406903

(cc) Adjusted R-squared (dd) 0.242154

(ee) Prob(F-stat) (ff) 0.071653

Source: compiled by the authors

In Table 3 of the OLS model, the dependent var-
iable is the Harrismith yield ton per hectare, that de-
termined how the independent variables affect the
yield. The intercept is statistically significant when all
other independent variables are zero and have a val-
ue of 3.70 tons per hectare. Harrismith rainfall has
a negative value and is also not significant and thus
does not substantially impact the yield in the model.
This finding contradicts the results of T.A. Marton et
al (2020) which found that rainfall has little impact on
yield. Spot prices have a negative, but not statistically
significant, effect on yield. This indicates that changes
in spot prices do not significantly affect yield. The total
capital cost has a positive and statistically significant
effect on the yield. This suggests that higher capital

costs are associated with higher yields. The total cost
per hectare has a positive but not statistically signifi-
cant effect on yield. This indicates that higher costs per
hectare do not significantly affect yield. The cost per
ton has a negative and statistically significant effect on
yield. This suggests that higher costs per ton are asso-
ciated with lower yields. This model has an R-squared
of 0.5188 which indicates that 51.88% of the variation
in yield is explained by this model. After adjustments
in variables, the adjusted R-squared has a coefficient
of 0.3851 which indicates that 38.51% of the variation
in yield is explained by this model. The Prob(F-stat) is
0.0146 which indicates that the model is statistically
significant at a 5% level and that the model together
explains the variation in the yield.

Table 3. Harrismith OLS model

() (hh) Harrismith

(ii) Variables ([0)] Coefficient (kk) Probability
(Lb) C (mm) 3.69920694 (nn) 0.0318
(00) HARRISMITH_RAINFALL_MM (pp) -0.02248777 (qq) 0.2842
(rr) SPOTPRICES (ss) -0.00031579 (tt) 0.3803
(uu) TOTAL_CAPITAL_COST (vv) 0.00571212 (ww) 0.0067
(xx) TOTAL_COST__ PE_HA_ (yy) 0.0001005 (zz) 0.6283
(aaa) COST__TON_ (bbb) -0.0020684 (cce) 0.0104
(ddd) (eee) (ff)

(9gq9) R-squared (hhh) 0.518811

(iii) Adjusted R-squared (ii) 0.385148

(kkk) Prob(F-stat) (LLY) 0.014595

Source: compiled by the authors

In this Table 4 of the OLS model, the dependent
variable is the Hoopstad yield ton per hectare, to de-
termine how the independent variables affect the
yield. The intercept is statistically significant at all
levels with a coefficient of 3.95 tons per hectare when
all other variables are zero. Hoopstad rainfall has a
negative but insignificant effect on yield, which im-
plies that the variation in rainfall does not significant-
ly affect yield in this model. This finding contradicts
the results of T.A. Marton et al (2020) which found that
rainfall has little impact on yield. Spot prices have a
negative, but statistically significant, impact on yields.

This indicates that changes in spot prices do not have
a significant impact on yields. The total capital cost
has a positive and insignificant effect on the vyield;
therefore, variations in total capital cost do not im-
pact the yield. Total cost per hectare has a positive
and statistically significant effect on yield. This indi-
cates that higher costs per hectare are associated with
higher yields. The cost per ton has a negative and sta-
tistically significant effect on yield. This suggests that
higher costs per ton are associated with lower yields.
This model has an R-squared of 0.7995 which indi-
cates that 79.95% of the variation in yield is explained
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by this model. The adjusted R-square of 0.7438 indi-
cates that 74.38% of the variation in yield is explained
by this model after adjusting the variables. This is a
notable pattern, which the adjusted R-squared and

R-squared are indicating. The Prob (F-stat) is 0.00001;
thus, the model is statistically significant at all lev-
els, and it does significantly determine the variation
inyield.

Table 4. Hoopstad OLS model

nnn) Hoopstad

000) Variables ppp) Coefficient

qqq) Probability

ttt) 0.0000

www)  0.9104

(
(
rrr) C (sss)  3.94543737
(
(

xxx)  SPOTPRICES yyy)  -6.383E-05

(
(
(
(uuu)  HOOPSTAD_RAINFALL MM wwv)  -0.0014734
(
(
(

(
(
(
(zz2) 0.7603
(
(
(
(

aaaa)  TOTAL_CAPITAL_COST (bbbb)  0.00116963 ccec) 0.3923
dddd) TOTAL_COST_ PE_HA (eeee)  0.00054684 ffff) 0.0001
(gggg) COST__TON_ (hhhh)  -0.002677 iiii) 0.0000
(i) (kkkK) )

(mmmm) R-squared (nnnn)  0.799497

(0oo00)  Adjusted R-squared (pppp)  0.743802

(qqqq)  Prob(F-stat) (rrrr) 0.000010

Source: compiled by the authors

The study highlighted the importance of agricul-
ture in South Africa by analysing food security, stability,
and contribution to the GDP. The various risks associ-
ated with agriculture were highlighted, while the yield
risk, specifically in the maize commodity, was defined
as primary. Illustration of how yield risk varied in cli-
mate change. Weather derivatives are determined by
their use as protection against weather conditions,
rather than weather insurance as the only mitigation
of these risks. The differences between weather insur-
ance and weather derivatives were analysed in detail
to highlight the importance of weather derivatives as a
risk management method to mitigate yield risk. Rainfall
options will be outlined to determine if it is financially
feasible for South African farmers, as well as the ability
to manage yield risk.

The agricultural sector was deemed to be com-
plex, and a market filled with volatility (Mbatha, 2020).
The agricultural industry has changed in many ways,
drought and declining rainfall impacted the agricul-
tural sector significantly causing farming profitabili-
ty to drop; keeping up with the latest technology in a
constantly changing sector, has costly implications for
crop farmers, as they need to employ new farming tech-
niques and improved products for them to continue
producing and compete in the competitive agricultural
sector (Blaker, 2021). The agriculture sector in South Af-
rica is responsible for producing a variety of products:
wine, fruits, vegetables, grains, oils, cereals, and many
others. Production of all different crop types is exposed
to different factors that influence production and the
environment (Necker, 2023). Agriculture is particularly
important in contributing to economic growth in vari-
ous countries and economies around the world (World
Bank, 2024). Agriculture globally contributes 4% to GDP,
while in developing countries it can be more than 25%
(World Bank, 2024).
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According to J.D. Necker (2023), it is necessary pri-
oritise a well-defined and healthy agricultural sector
to contribute to GDP, promise food security and create
employment opportunities in the agricultural sector of
South Africa. During the COVID-19 pandemic, the South
African economy suffered severely; however, out of all
sectors, the agricultural sector contributed the most to
the economy in terms of GDP growth in the last quarter
of 2021 (Stats SA, 2022). This demonstrated that agri-
culture is crucial for a strong economy and is a key driv-
er of economic growth, although there are many risks in
the agricultural sector. Agriculture, forestry and fishing
grew by 13.5% in Q1 of 2024 and contributed 0.3% to
GDP growth, while the whole economy with all sectors
considered indicates that in Q1 of 2024, the GDP de-
clined by 0.1%, this highlights the significant role that
agriculture plays in the economy, due to being the high-
est growing sector in South Africa according to statistics
from Stats SAin the first quarter of 2024 (Stats SA,2024).

Production risks are common in the agricultur-
al sector; farmers must produce crops to comply with
regulations to ensure that the commodity is safe and
healthy to consume. However, it does not stop pests as
they can also destroy a harvest, for instance, many birds
eat the crops, and insects kill the crops (ERS, 2024). Fi-
nancial risks in agriculture include the need for more
funds/capital to continue their operations and are
forced to borrow money, thus to repay their debt. To re-
pay their debt, farmers need to ensure sufficient profit
with the crop yields. The study by A. Polevoy et al. (2021)
highlighted the significant impact of climate change
on maize productivity in the Western Forest-Steppe of
Ukraine, emphasising the increasing variability in tem-
perature, precipitation, and extreme weather events.
Their findings align with the present research, reinforc-
ing the necessity of adapting agricultural practices to
mitigate climate-related risks in maize cultivation.




The rapid growth in food demand relative to global
warming transfers numerous pressures on farmers to
adapt to farming practices that will result in less crop
loss due to climate change, specifically drought and ex-
treme heat conditions (Hall & Leng, 2019). A significant
constraint to crop yield is drought as an adverse weath-
er condition, since drought influences crop satisfaction
to grow efficiently to provide optimal harvest, drought
also has a negative effect on farmers, as irrigation is
now necessary to provide the optimal water levels that
will influence profit levels and the financial space that
farmers are in (Hall & Leng, 2019).Variations in weather
conditions and temperature changes are called climate
changes. Production, together with prices in agricul-
ture, is exposed to more risk due to increased climate
change (Elum et al., 2018).

The term “weather sensitivity” refers to the degree
to which weather factors, such as temperature,sunshine,
rainfall, frost, snowfall, wind, etc., affect sales, produc-
tion, or expenses. A sector is considered weather-sensi-
tive if weather variations affect its volatility of produc-
tion. A wide range of people whose livelihoods depend
on land and resources are negatively impacted by cli-
mate change Agriculture in South Africa faces a greater
risk of climate and yield due to the large percentage
of agriculture that depends on rainfall/irrigation (Nha-
mo et al., 2019). The main source of income in South
Africa is agriculture formally and informally. A study
outlined climate change and how it affects agricultural
production; analysed an increase in temperature and
a decrease in rainfall and the effect of variability in
weather conditions on the production of agricultural
commodities. The study concluded that changes in tem-
perature and rainfall have a negative impact on pro-
duction (Abbas & Mayo, 2021; Moore, 2021). According
to S. Abbas and Z.A. Mayo (2021), low levels of rainfall
causes in low yields, thus climate change negatively
affects the agricultural sector not only in terms of fi-
nancial challenges but in terms of production yields.
Weather insurance or weather derivatives are a solu-
tion to the climate change problem, which directly im-
pacts agriculture and is a risk management tool farm-
ers can use to hedge against yield risk/climate change.

Due to financial losses that increase from climate
change and climate-related risks, weather derivatives
were created and developed in 1999 in the Unit-
ed States to help mitigate losses incurred by adverse
weather conditions. The first weather derivatives con-
tract was initiated in 1999. Derivative products, such
as options and swaps, can be traded or sold to the
seller to act as weather insurance, as highlighted by
J. Li et al. (2024). Weather derivatives can be bought
and sold before maturity to ensure the profit. The seller
of a weather derivative contract agrees to pay a cer-
tain amount to the buyer in exchange for a premium
if a weather event occurs or the buyer suffers a finan-
cial loss related to the weather before the end of the

Weiermans and Mokatsanyane

contract. If the contract expires and damages are not
caused, the seller’s profit is the premium or derivative
price at the time of its creation, according to CDI (2021).
The weather indices determine the derivative contract;
the index of the weather derivatives acts as the under-
lying asset because, unlike other derivative contracts,
weather derivatives do not have a spot market.

Weather insurance is more commonly used as a risk
management method as it can be used to account for
adverse weather events by covering a low probability of
occurrence but can result in substantial losses, as ex-
plained by J. Tack and J. Yu (2021). Weather derivatives,
in contrast to insurance, are suitable for high-probabili-
ty occurrences that may result from weather conditions
or climate change. The researchers emphasise that
weather derivatives offer protection against high-prob-
ability events such as droughts and extreme heat or the
opposite, with excessive rain or extreme cold. What dis-
tinguishes weather derivatives from weather insurance
is the lower costs involved. Because individual yield
changes are usually not related to the relevant weather
variables, the use of weather derivatives still involves a
large amount of risk for producers, as the risk remains
with producers.

Weather derivatives also have a risk that might
occur due to inaccuracies in measuring the weather. A
well-known risk associated with weather derivatives is
the basis risk. G. Kutrolli (2021) described basis risk as
a case where the derivative price does not show the
same movements as that of the underlying instru-
ment, meaning there is no perfect correlation. Basis risk
would be experienced in weather derivative contracts
when there are different weather conditions or climate
change at various weather measurement plants within
the borders of the country. While basis risk cannot be
eliminated due to inherent inaccuracies in measure-
ment, farmers must acknowledge and accept this risk
when using weather derivatives to hedge against maize
yield. According to J. Li et al. (2003), the significant re-
lationship between production variables and weather
factors is an important motivation for participating in
weather derivative contracts.

There are numerous ways in which rainfall options
can be made. The most popular options that benefit
farmers consist of “locking” at a certain amount of rain-
fall: the long call option, the long-put option,and a com-
bination of the long call and put options, as described
by G. Kutrolli (2021). A long-call option can be used to
protect against adverse rainfall. For example, farmers
may buy 5-month call options in case of excessive rain-
fall and flooding. If the average rainfall in the area is,
for example, 425 mm over a certain period, farmers will
protect themselves from excess rainfall. Farmers can
use a long-put option if there is a need for a certain
amount of rainfall. For instance, if they need rain be-
tween March and May, the farmer can buy a 3-month
put option and be protected if less rain falls during that
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specific period. When the farmer needs rain during a
specific period from January to June, a combination of
put and call options can be employed. Farmers are then
protected against excessive or insufficient rain during
this period. With a rainfall index, the rainfall choice
would have a strike rate determined by historical rain-
fall data for the location. ).D. Necker (2023) stated that
the strike point would be established by the amount
of rain, measured in millimetres, during a given period.
For instance, a 6-month call option covering the period
from January to June will have a 350 mm strike rate if
the area’s average rainfall during that time is 350 mm.
The actual amount of rain that falls over that period will
decide the option’s payout, which is predetermined per
millimetre. Therefore, weather derivatives will be ben-
eficial in mitigating exposures to weather fluctuations.

Agriculture is central in South Africa due to pro-
motion of economic growth in terms of GDP, alleviating
poverty through employment, and ensuring food secu-
rity nationwide, as noted by J.D. Necker (2024). South
African agriculture sector, more specifically commercial
agriculture, is the driving force in the industry with the
highest growth rate, according to Stats SA (2024). Maize
is not only a staple food but also the largest contribu-
tor to GDP in the farming industry. Climate risk is the
main reason for the extreme level of demand for prod-
ucts that protect against weather conditions negative-
ly affecting farmers. Thus, as J. Li et al. (2024) noted,
weather derivatives are a solution against climate risks
or adverse weather conditions. Similarly to any other
risk management method, the most important objec-
tive of weather derivative implementations is to miti-
gate the volatility of income and expenses brought on
by non-catastrophic weather uncertainty, as J.D. Neck-
er (2023) states. Rainfall options will be applicable for
farmers to use to protect them against yield risk, ena-
bling adaptation and and survival in a rapidly changing
environment, providing essential protection against
climate change.

The study determined that rainfall and maize yield
have a positive relationship in general, and the three
OLS models that were done indicate that the model
does explain the variables in yield. However, as San-
tam (2024) notes, there are several ways of insurance

R2 500
R2 000
R1 500
R1 000

R500

drought and extreme rainfall. This can be done in vari-
ous ways, such as weather insurance and weather deriv-
atives. In South Africa, Santam offers insurance against
droughts, with the exception that it cannot be irrigated
or damaged from plague and pests, hail, wind, or even
frost. Weather insurance is commonly used to mitigate
yield risk against adverse weather events with a low
probability of occurring. However, as G. Kutrolli (2021)
highlighted, the drawback of weather insurance is that
in South Africa, there are no crop insurance offers to
protect farmers against rain specifically for maize. Rain-
fall options are used to hedge farmers for the difference
in yield lost due to excess shortage or rainfall, whereas
weather insurance covers the entire harvest.

White maize is a highly liquid agricultural commod-
ity that is traded, which causes prices to vary. G. Kutrol-
li (2021) stated that weather derivatives offer two main
types of hedging strategies for farmers to use: futures
contracts and rainfall options. Rainfall options are more
relevant than futures as, with options, farmers have the
right but not the obligation to act, whereas, with fu-
tures, they need to hold the contract and adhere to the
conditions. Using rainfall options, farmers will benefit
more compared to futures contracts due to the fact
that with options, they are only subject to a loss in the
premium paid. In summary, as G. Kutrolli (2021) stated,
rainfall options offer greater flexibility, fewer risks, and
potentially lower costs, making them more attractive
for farmers who want to hedge against certain weath-
er-related risks without the requirement of fulfilling a
contract under unfavourable conditions.

The farmer can use a long call option depicted in
Figure 5 to be protected against adverse rainfall, for ex-
ample, farmers can buy 6-month call options at R2350,
which may be a threat of excessive rainfall and flood-
ing. If the average rainfall in the area is, for example,
425 mm over a certain period, farmers will be protected
from excess rainfall. The buyer of the option has the
right but not the obligation to exercise. Therefore, if the
rainfall is higher than when the option was bought, the
farmers will profit. And when the farmer decides to ex-
ercise the right, a significant profit will be made. When
the rainfall is less, the farmer or buyer of the option will
only lose the paid premium.

Long call

Figure 5. Long-call option example

Source: compiled by authors
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Farmers can use a long-put option depicted in Fig-
ure 6 to be protected from rainwater shortage; for in-
stance, if they need rain between March and May, the
farmer can buy a 3-month put option and then be pro-
tected if the farmer receives less rain during the spe-
cific period.
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A long-put option will provide farmers with the
benefit of being able to receive less rainfall than when
the option was purchased. If the rainfall levels were ex-
ceeded, only the premium will be lost otherwise with
less rainfall, in the case of a drought, significant profits/
benefits will be provided.

Long put
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Figure 6. Long put option example

Source: compiled by authors

The key difference between this study and J.D. Neck-
er (2023) is that it explores hedging strategies less
thoroughly, does not price rainfall options, and instead
focuses on hypothetical scenarios. The main objective
of the study was to determine whether weather deriv-
atives are effective as a risk management method to
mitigate against volatility of maize yields in the South
African agricultural market. Weather derivatives cover
low-risk and high-probability events, whereas insur-
ance covers high-risk and low-probability events. The
rain option as the weather derivative gives farmers
the option to make a profit with the unpredictability
of rainfall. With the input cost increasing due to infla-
tion and out-of-control as well as weather events, rain-
fall options are a tool that offers a hedge against yield
risk at a lower cost. With a long-call option or long-put
option, farmers can now hedge yield risk in times of
drought or less-than-needed rainfall and times when
there is excess rainfall damaging the harvest. Thus,
rainfall options are a great strategy farmers can use to
hedge against yield risk; however, in South Africa, rain-
fall options are not yet traded on the exchange. There-
fore, South Africa’s agricultural market, will not be able
to use rainfall options as it is yet, but in the near future,
it will be possible if weather derivatives become more
popular and available.

CONCLUSIONS

The study analysed the effectiveness of weather de-
rivatives as a risk management method for mitigating
maize yield risk in South African agricultural markets.
The study conducted a literature review on agricultur-
al importance, climate change and weather derivatives
as a more beneficial alternative to weather insurance
together with the methodology section to illustrate
the relationships between rainfall and maize yield. The

methodology section used OLS models to estimate
the effects of input costs and rainfall on maize yields
for the respective location samples for the period of
2000 to 2024. The study highlighted that higher costs
per hectare are associated with higher yields, and that
rainfall does impact yield, but it is not always statisti-
cally significant. The problem that farmers face is the
impossibility of accurate measurement of the rainfall,
as weather stations capture the data for that location,
but it is not accurate for farmers close to the area to
assume they have the same since rainfall varies signif-
icantly. Therefore, farmers may need to measure their
rainfall to effectively be able to estimate their yields
and rainfall with highly accurate data.

The study demonstrated that it can be financially
feasible for farmers to use weather derivatives as a risk
management tool to mitigate the risk of maize yield. For
future research opportunities, a larger location sample
can be used to gather more data to determine if the
results are similar to a larger study area covered. Pric-
ing rainfall options accurately is needed to be able to
provide farmers with effective strategies, and the peri-
od can be increased to incorporate more economic and
geopolitical events which will affect the price. Further
study should expand geographical coverage beyond
the studied regions to assess broader applicability, in-
corporate additional variables such as temperature and
soil moisture for improved model accuracy, and explore
the pricing and market feasibility of rainfall derivatives
in South Africa. Comparative analysis with traditional
insurance models could determine the most effective
risk management approach. Extending the study peri-
od to capture long-term economic and climate trends,
along with simulation-based risk assessments, would
provide deeper insights into maize yield volatility and
hedging strategies.
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AHoTauif. KniMaTyHa MiHAMBICTb CYTTEBO BM/MBAE HA MPOAYKTUBHICTb CiIbCbKOr0 rocnogapcTsa, WO 3YMOBIIKOE
HeoOXiAHICTb Y 3aCTOCYBaHHI iHCTPYMEHTIB YNpaBfiHHS pu3ukamu Ang crabinisauii BpoxaiB Ta diHaHCOBMX
pe3ynbTaTiB. MeTo UbOro AOCAIAKEHHS Oyno OUiHUTUM edEeKTUBHICTb MOrOAHUX AEPUBATUBIB SK THCTPYMEHTY
YyNpaBniHHA PpM3MKaMU 0N 3MEHLEHHS BONATWIbHOCTI BPOXaMHOCTI KykypyAsu B [liBoeHHin Adpwuui. byno
3aCTOCOBAHO KiNbKICHWIA Niaxia A0 AOCNIOXEHHS i3 BMKOPUCTAHHAM MopAenen perpecii HaMMeHLWMX KBagpaTis
(OLS) pnga aHanizy B3aEMO3B'A3KY MK KifbKiCTIO OnaaiB Ta BpPOXanHicTiO Kykypyasun y 2000-2024 pokax. AHanis
OXOMMB ICTOPUYHI AaHi NPO ONaam Ta BPOXAMHICTb Y TPbOX KNHOYOBMX perioHax BUPOLLYBaHHS KYKypyA3u: boTtasinn,
Mappicmit Ta Xynctag. BcTaHoBneHo, Wo BapiaTMBHICTb OMAAiB BMIMBAE HA BMPOOHMLTBO KYKYpyZ3M, XO4a
{HTEHCMBHICTb BM/IMBY BapitOETLCS 3aNEXKHO Bifg, nokauii. byno po3rngHyTo edekTUBHICTb NOroAHWX AEepuBaATUBIB,
30KpeMa OnNUIOHIB Ha AOLWi, SK CTpaTerii XemKyBaHHA Ans depMepiB, SKi CTUKAOTbCA 3 HenepenbavyBaHUMM
NOroAHMMM yMOBaMW. Y OOCAIAXKEHHI ONMCAHO ABi OCHOBHI CTpaTerii — ONUIOHWM TUMY NOHM-KOA» Ta «OHT-NyT,
SKi 3a6e3nevytoTb GiHAHCOBMIA 3aXMCT Y pa3i HaAJIMLLKOBMX abo HeaoCTaTHIX onaais. Pe3ynbTati 3acBigumnu, Wwo
NoroAHi fepuBaTMBM MOXYTb 3MEHLUIUTU (DIHAHCOBI PU3MKKM, MOB'A3aHI 3 HECNPUATIMBUMM MOFOAHUMMU YMOBAMM,
O[HaK 32aNMWAKTbCS BUKIMKM, 30KpeMa pU3MK HeBiAnoBigHOCTI 6a3oBuMx MokasHMkiB (basis risk) Ta obmexeHa
[OCTYNHICTb TAaKMX IHCTPYMEHTIB Ha puHKY NiBaeHHOI AdpurKku. Kpim Toro, BCTaHOBNEHO, WO iHTErpaLis onuioHiB Ha
noui Moxe eeKTMBHO AOMOBHUTU TPAAULINHI iIHCTPYMEHTM YIPaBAiHHS PU3MKAMK, 30KPEMA arpapHe CTpaxyBaHHS,
Hapatun hepmepam BinbLl rHYYKMI NiaXin A0 pearyBaHHN Ha KNiMaTUUHI pu3nku. OTpUMaHi pe3ynbTaTv CTaHOBAATb
NPaKTUYHY LiHHICTb 415 OPraHiB Aep>KaBHOI BNaAW, GiHaHCOBMX YCTAHOB Ta CilbCbKOroCnoAapCbKnx BUpOOHUKIB, AKi
LIYKaIOTb aNbTEPHATUBHI WAAXM MOM'SKILEHHS PU3KKIB. 3aNPOBaAXKEHHS MNOrOAHUX OEepUBATMBIB 34aTHE MOCUAUTU
CTiMKiCTb arpapHoro cektopy, 3abesneuvytoun 6Ginblw nepenbavyBaHi (iHAaHCOBI pe3ynbTaTM AN BUMPOOHMKIB
KYKYpYA3u B yMOBaXxX KNiMaTUYHOI HEBU3HAYEHOCTI

KniouoBi cnoBa: 3MiHa kniMaTy; ynpaBniHHA pu3MKaMu; CTpaTerii XeLKyBaHHS; NpoAoBo/bya Oe3neka; arpapHe
(iHAaHCYBaHHA; TOBAPHI PUHKM
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