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Abstract 
 
In the past, farmers have bought traditional insurance to protect them-selves against crop 
losses caused by weather. As a new tool, weather derivatives have the potential to support 
farmers against weather induced risks more efficiently than traditional insurance. 
Nevertheless the market for weather derivatives is still relatively limited. The objective of this 
analysis is to quantify the risk reducing effect that can be achieved by using weather 
derivatives in crop production. For this reason a crop farm in Serbia served as an example to 
determine the risk reducing effect in wheat and corn production, as they are the most 
important crops in Serbia with grate export potential. The paper applies stochastic simulation 
and value-at-risk methods. In the paper are presented fair premiums and payoffs of put 
options in wheat and corn production, as well as revenue distributions with and without 
weather derivatives. It was found that the risk reduction was more significant in wheat 
production (21.88%) than in corn production (18.13%). Therefore, in case of Serbia weather 
derivatives would be more useful in wheat production.  
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1. Introduction 

 

It has been known for a long time that the weather is the major factor of uncertainty in 

plant production. Crop insurances are the most frequently used instruments for risk 

management in plant production. Anyway scientists and other stakeholders intensively 

discuss crop insurances only after a flood, a drought or a strong storm when the need for 

compensation for the loss in production becomes relevant (Breustedt 2003).   

Today an integrated risk management system is required, to compensate the crop 

losses caused by unfavorable or even disastrous weather conditions. The economic 

attractiveness of different instruments for risk management, such as insurances, depends on 

the farmers' exposure to different risks (Berg 2005). In addition to traditional yield insurances, 

some authors suggest the application of multi-risk crop insurances which are mainly used in 

the developed countries of Europe and North America (Berg 2002). Most significantly, 

important aspects of the insurance market in the developed countries can be applied to the 

countries in transition. Today, even the actual index-based insurances consider the possibility 

of using weather derivatives in agriculture (Turvey 2001; Berg et al. 2005; Mußhoff et al. 

2005; Taušer and Čajka 2014b; Marković et al. 2014; Sun and van Kooten 2015).  

Weather derivatives are new financial instruments for transfer of risk, which occurred 

in mid 90's of the last century. They belong to the financial instruments that do not consider 

the base value such as the price of traded goods or any other financial category. On the 

contrary they take into account weather variables, such as rainfall for instance (Berg 2005).  

Weather derivatives can be traded at stock exchanges or over the counter - OTC. On 

the market of weather derivatives option trading is dominant (Becker and Bracht 1999). The 

options belong to the group of forward conditional operations which provides the buyer with 

the right, but not an obligation, to buy or sell a contract at previously fixed price and date. In 

order to gain this right the buyer has to pay a premium to the seller of the option. So the buyer 

of a rainfall option is required to pay the optional premium, but he has the right to receive a 

payoff, based on the difference between the weather index and strike level. On the other hand, 

the seller takes the obligation and receives a premium. Options are standardized contracts 

traded on organized exchanges and individual contracts over the counter (OTC) between the 

clients and banks (Taušer and Čajka 2014a). Call option and put option are common financial 
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instruments. A call option gives the holder the right to buy, and put option the right to sell a 

contract. 

The aim of this paper is to provide theoretical assumptions about the weather 

derivatives in the crop insurance sector as well as to display the hedging-effectiveness of a 

weather put option by applying it on a Serbian farm in order to compare results in wheat and 

corn production. The farm is situated in Vojvodina region, which is the most important crop 

production area in the Republic of Serbia. Besides, corn and wheat are the most important 

crops in Serbian sowing structure, and corn is one of the most important Serbian export 

commodities. 

 

2. Materials and Methods  

 

The basic source of data is the documentation of average yields and selling prices of 

wheat and corn from the selected farm, as well as the data on the monthly rainfall quantity 

from the nearby meteorological stations for the period from 2005 to 2014. The selected farm 

has an area of 75 ha mostly under wheat and corn. The average yield of wheat in the selected 

time amounted to 6 t/ha. The average price was 100 €/t, and the revenue 600 €/ha. On the 

other side achieved revenue in corn production is 960 €/ha (yield 10 t/ha, price 96 €/t).  

It is sensible to apply weather derivatives which are based on the quantity of rainfall 

since the yield of crops and rainfall are highly correlated (Vedenov and Barnett 2004). The 

analysis was conducted on the farm and it was determined that the amount of rainfall during 

the period April-May (wheat) and during the period April-August (corn) has a decisive 

influence on the quantity of yield harvested (Marković and Jovanović 2011). In order to 

prevent yield variability the farmer should consider buying weather derivatives on OTC 

market. During the construction of weather derivatives it is necessary to determine the 

following parameters: weather index, the type of derivatives, meteorological station(s), 

accumulation period, fair price (premium), strike level, payoff function and payoff limit. The 

strike level represents the value of index (critical point) from which the payoff is made, while 

the amount of the payoff is determined by the tick size, which indicates the paid amount per 

unit index or change of unit index. Rainfall put option is frequently used in the crop insurance 

sector. From the buyer's point of view the payoff of a weather put option (Ip) is determined by 

the difference between the strike level (R) and realized weather index (x), multiplied by tick 

size (O) (Weber et al. 2008):  
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[ ])(,0 xRMaxOI p −⋅=         (1) 

 

During the construction of weather put option the key issue is to determine the fair 

premium, which the buyer is willing to pay for the transfer of the risk. To determine the fair 

premium the authors apply the burn-rate-method, where the fair premium is the expected 

discounted value of payoff from the weather derivatives and the fair price (Pf) for the put 

option can be calculated in the following form (Berg et al. 2005): 

 

[ ] nr

f eORxRxxERP
⋅−

⋅⋅<<−= )())(( ϖ       (2) 

 

In this example, the expression )( RxxE <  represents the expected value assuming that 

the weather index is below the strike level. The expression )( Rx <ϖ  is the probability that the 

weather index is below the strike level, while ( nr
e

⋅− ) is the discount factor.  

Earlier it was emphasized that a successful application of weather derivatives in large 

part depends on the correlation between the achieved yield and the weather index. Hereafter it 

is shown what influence on a total revenue per hectare ( PU ) different correlation levels have 

between these two parameters, particularly on the variant without the use of weather 

derivatives, where the revenue is yield product ( y ) and product price ( yc ): 

 

yP cyU ⋅=          (3) 

 

The variant with the use of weather derivatives, where starting from the formula (3), 

the achieved market revenue is increased by the payoff of weather put option (
PI ), which on 

the basis of the previous calculations can be represented as a product of price of a weather 

index and deviation of the expected index value from the critical point, lessened by an fair 

premium ( fP ) (Marković et al. 2013): 

 

[ ] fyP PxERMaxOcyU −−⋅+⋅= )((,0                      (4) 

The determination of all other parameters necessary for the construction of weather 

derivatives (weather index, payoff function, payoff limit) follows the same methodology. 
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The application of quantitative methods for risk estimation, determines whether the 

weather risk reduction (hedging) is more successful with or without weather derivatives. The 

paper applies the methods of stochastic simulation and value-at-risk. The concept of 

stochastic simulation compares the distribution function (cumulative density function) of the 

wheat (corn) revenue with and without weather derivatives (Brandes and Odening 1992). On 

the other hand, the standard deviation as measure of dispersion in statistics and percentile in 

the revenue distribution is being considered, and based on that the possibility of down side 

risk reducing with and without weather derivatives are determined (Mußhoff et al. 2011). All 

necessary calculations are performed using computer software (@ Risk), which was 

especially developed for the risk management. 

 

3. Results and Discussion 

 

In the wheat production the weather index is based on the monthly amounts of rainfall 

in April and May at the level of 45 mm, which is the strike level, while the tick size is 5 

€/mm. The payoff is limited to 25 mm, which means that if the rainfall is below this level, 

there will be no further increase in payment, and it remains the same. The weather contract is 

valid for two months and the payoff, according to formula (1), occurs if the measured rainfall 

is below the strike level. If the interest rate applied in the discount factor ( nr
e

⋅− ) in formula (3) 

is 5% and the weather period lasts for two months (April-May) then the fair premium is 9,85 

€ (Figure 1). 
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Figure 1: Fair premium and payoff of put option in wheat production 

 

On the other side in corn production the strike level amounted 95 mm. If that level is 

exceeded, payout equals zero, while for each millimeter when quantity of precipitation is 

below strike level farmer makes 5 €/mm. However, payoff does not go to the minimum 

precipitation quantity, but it is limited to 55 mm. Fair premium is determined by burn-rate 

method, in which the period is the time period chosen in advance and interest rate is 5%. Fair 

premium of 15.63 € is calculated using software (@Risk) according to the equation (2) 

(Figure 2). 
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Figure 2: Fair premium and payoff of put option in corn production 

 

The method of stochastic simulation is used to determine the revenue with and without 

the weather derivatives. If the farmer does not buy a weather put option the total revenue is 

equal to the market revenue (formula 3). However, when the farmer decides to buy an option, 

he benefits from a profit, which can be calculated according to formula (4). Rainfall and yield 

of wheat are stochastic values and since there is a strong positive correlation between them, a 

revenue below 600 €/ha is compensated by the payoff of the put option. When the fair 

premium of 9.85 €/ha is paid, it can be noted that the revenue under 590.15 €/ha is completely 

compensated and the farmer has achieved a perfect hedge. The standard deviation is reduced 

from 60.52 €/ha (without option) to 47.28 €/ha (with option). This way the down side risk is 

significantly reduced (21.88%) (Table 1). 
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Table 1: Risk reduction in wheat production with different correlation coefficients 

between rainfall and yield 

               Revenue 

without 

option 

(€/ha) 

Revenue with option (€/ha) 

W H E A T 

Correlations 

coefficient 
1,0 1,0 0,9 0,8 0,7 0,6 

Minimum (€/ha) 414.74 523.95 481.10 463.64 463.84 449.29 

Expected value 

(€/ha) 
600,12 600,14 600,25 600,29 600,24 600,32 

Maximum 

(€/ha) 
828.57 818.72 855.56 841.94 841.56 880.02 

Std. deviation 

 (€/ha) 
60.52 47.28 49.26 51.13 51.96 54.19 

Risk reduction  

(%) 
- 21.88 18.60 15.51 14.15 10.46 

 

If the percentiles are taken as the measure of risk reduction, then the lower part of the 

distribution, where the lowest revenue is, is taken into account. This risk reduction efficiency 

is well illustrated in the 5% row of percentiles in Figure 3. At this percentile the revenue per 

hectare without option is 500.74 €/ha, whereas with an option and at a perfect correlation 

coefficient of 1.0, the revenue per hectare increases to 548.60 €/ha. In this scenario the farmer 

is about 48 €/ha or 9.56% better off than without an option. 

 



Drought insurance in wheat and corn production with weather derivatives: the case of Serbia 
Marković, T.;  Husemann, C.;  Ivanović, S.;  Zekić, V. 

 

Custos e @gronegócio on line - v. 11, n. 4 – Oct/Dec - 2015.                                         ISSN 1808-2882 
www.custoseagronegocioonline.com.br 
 

197

 

Figure 3: Revenue distribution of wheat production, with and without weather 

derivatives 

 

On the other side expected value of the achieved revenue in corn production in both cases 

is approximately 960 €/ha. In case without option minimum revenue is 576.28 €/ha, and it is 

significantly lower than minimum revenue with option, which is in the range from 761.77 

€/ha (correlation coefficient +1.0) to 638.66 €/ha (+0.6). The maximum standard deviation is 

the one in case without option (121.04 €/ha). In case with option it is lower (thus lowering the 

risk of loss) by 18.13% (correlation +1.0), and at the lowest observed correlation (+0.6) risk 

reduction is significantly lower (8.70%) (Table 2). 
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Table 2: Risk reduction in corn production with different correlation coefficients 

between rainfall and yield 

               Revenue 

without 

option 

(€/ha) 

Revenue with option (€/ha) 

C O R N 

Correlations 

coefficient 
1,0 1,0 0,9 0,8 0,7 0,6 

Minimum (€/ha) 576.28 761.77 705.42 700.67 672.78 638.66 

Expected value 

(€/ha) 
960.29 960.44 960.63 960.73 960.76 960.48 

Maximum 

(€/ha) 
1424.49 1408.86 1465.24 1492.92 1521.43 1429.62 

Std. deviation 

(€/ha) 
121.04 99.10 102.44 105.29 108.95 110.51 

Risk reduction 

(%) 
- 18.13 15.37 13.02 9.99 8.70 

 

Hence, for example, 5% percentile revenue value without option equals 761.13 €/ha, 

while in the case with option it rises to 838.64 €/ha. If percentile is higher, the difference 

between the achieved revenue with option and without is decreased. At higher correlation 

(+1.0) achieved revenue with option is higher by 77.51 €/ha, while at lower correlation (+0.6) 

it is higher by 1.03% of the achieved revenue without option (Figure 4). 
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Figure 4: Revenue distribution of corn production, with and without weather 

derivatives 

 

4. Conclusion 

 

Special emphasis in this analysis was placed on the reduction of the oscillation of 

economic indicators (revenue), caused by the weather factor. If the place of production is 

close to the meteorological station, and there is a strong correlation between the weather index 

and the yield of wheat, the effectiveness of risk reduction is significant (21.88%). But if the 

place of production is located in a remote area and there is a lower correlation coefficient the 

effectiveness of risk reduction is significantly reduced (for correlation coefficient 0.8 risk 

reduction is 15.51%; for correlation coefficient 0.6 it is only 10.46%). On the other side risk 

reduction in corn production is lower than in wheat production and it is amounted 18.13% (r = 

1.0). It is also reducing if there is lower correlation coefficient (for r = 0.8 risk reduction is 

13.02%; for r = 0.6 risk reduction is 8.70%).  

Fair price is also lower in wheat production than in corn production. In practice, it is 

reasonable that the fair premium increases with transaction costs and the risk premium, which 

also reduces the positive effect of these instruments. The results show a significant potential 

of weather derivatives in order to reduce production risks in wheat and corn production. 
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Therefore, they can be a supplement to existing instruments for risk management in plant 

production. 
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