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Abstract  
 

Chamomile is very important medicinal and aromatic plant, and is used in many industries. 

The goal of this paper is to analyze the effect of risk elimination (effect of hedging) in 

production of chamomile in Serbia using weather put option based on the quantity of 

precipitation. The analysis is based on calculations of average costs of chamomile production 

per hectare, costs of agricultural mechanization, and determination of profit in chamomile 

production. To structure weather put option the key issue is calculation of option payoff and 

evaluation of risk price (fair premium) a buyer is willing to pay for risk transfer. Fair premium 

is determined by burn-rate method. Chamomile revenue is calculated with use of the weather 

derivatives and without them using stochastic simulation method. Calculations are performed 

by appropriate computer software (@Risk). Results have shown that use of weather put 

option is efficient only if production location is in the immediate vicinity of weather station 

and if the correlation between quantity of precipitation and chamomile yield is high.  

 

Keywords: Chamomile. Weather put option. Costs. 

 

1. Introduction 

 

Contemporary industries, such as pharmaceutical, cosmetic, food and chemical 

industry cannot be imagined without one of the basic preconditions – providing sufficient 
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quantities of cheap and good quality raw material basis. Chamomile holds a significant 

proportion of the raw material basis in the above mentioned industries. Chamomile as a 

medicinal and aromatic plant is a significant product in the world market. For many countries 

it is an export good that brings great profit (Kahn and Lima, 2001). 

Demand for this herbal raw material is constantly growing worldwide, as well as in 

Republic of Serbia. Such a trend allows for long-term planning, investments and increase in 

the volume of chamomile production (Kojić, 1997). Organization of larger volume chamomile 

production requires more emphasis on the raw material quality and agro-ecological conditions 

in which it is grown as the highest priority requirements during the whole production process 

(Canter et al., 2005). According to Dražić (2004) geographical and climatic conditions of the 

Republic of Serbia are extremely favorable for production of chamomile. Chamomile is 

grown on around 1,000 ha in the Republic of Serbia and there is a trend toward increasing the 

production.  

There are few papers dealing with economic problems of chamomile production. 

Stričik and Salamon (2007) have calculated total costs of chamomile production, as well as 

production value which can be achieved. Based on the quoted data break-even point was 

calculated at which profit equals zero. It means that minimum land size that needs to be 

cultivated in order to achieve profit from chamomile production that equals zero was 

calculated. Ivanović et al. (2007) have presented the possibility of choosing between two 

alternative harvesters for chamomile harvesting from an economic perspective. Limitary 

discount rate was calculated, i.e. discount rate at which from the economic perspective it is 

the same which machine will be chosen.  

Intense chamomile growing is a plantation production in which all the technological 

procedures of growing and processing can be performed mechanically in an optimal manner 

and with rational energy consumption. Efficiency and economy of working processes in 

chamomile plantation production greatly depends on the degree of mechanization of the 

technological operations. Because of that analysis described in this paper are based on use of 

combination of chamomile harvesting machines (harvester and tractor), which according to 

the investigation of Pajić et al. (2011) provides the best economic effects in chamomile 

production, i.e. the highest yield per hectare.   

Precipitation, i.e. probability and amount of precipitation during critical phases of 

chamomile growth, has significant effect on cultivated chamomile yield. In the territory of 

Pančevo municipality which was used for these investigations, South Banat region (Republic 
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of Serbia), chamomile is most often grown from fall sawing. Critical phases of its 

development (according to Franke and Schilcher, 2005), from the perspective of precipitation 

are: sowing, germination, growth, development and blooming. Considering multiyear average 

(1990 – 2010), this location is characterized by an average yearly precipitation sum of 630.4 

mm (Republic Hydro Meteorological Service of Serbia, 2011). Chamomile yield significantly 

varies since irrigation systems are not available or are not sufficiently exploited. Thus it 

would be interesting to try to compensate to some extent for the occurring losses by new 

insurance systems. 

Studying of the issue of crop and yield insurance in Europe has been drawing attention 

for a long time, while in Serbia there are few papers on this subject. The fact is that always 

after flood, draught, or strong storm discussion arises on crop and yield insurance which can 

compensate for losses in production (Breustedt, 2003). Economic attractiveness of various 

instruments for risk management including insurance depends on exposure of farmers to 

various risks (Berg, 2005). Apart from the classical insurance against yield losses, some 

authors discuss the possibility to use weather derivatives in agriculture (Turvey, 2001; Berg et 

al., 2005; Mußhoff et al., 2005; Marković et al., 2012). 

The aim of this paper is to highlight the effect of risk elimination in chamomile 

production using weather put option and without it. The fact that underlying production risk 

(poor correlation between precipitation quantity and chamomile yield) is decreased if the 

distance between the place of production and weather station is smaller is particularly 

highlighted.  

 

2. Materials and Methods 

 

The basic sources of data are documents on key parameters of chamomile production 

on fields of the Institute of Medicinal Plant Research “Dr Josif Pančić“ (Serbia) (Latitude: 44° 

53' N, Longitude: 20° 40' E), above mean sea level 80m, on low-carbonate “chernozem” soil 

where autochthonous chamomile variety "Banatska" was used. Monthly precipitation data 

were taken from weather station of the Institute “Tamiš“ in Pančevo over 2005-2009 period.  

Enterprise budgets for chamomile production were used as the base for structuring 

weather put options for which costs, revenues and profit were determined. Costs of specific 

mechanization used in chamomile harvesting (a combination of tractor and special harvester 

for chamomile harvesting) were also determined.  
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According to Vedenov and Barnett (2004) successful use of weather derivatives 

depends on the influence of the precipitation quantity on yield of crops and fruits. In 

structuring weather put option as the most frequently used type of weather derivatives the key 

issue is calculating option payoff and evaluating risk price (fair premium) a buyer is willing to 

pay for risk transfer. From the buyer’s angle (Berg et al., 2005) payoff of the weather put 

option (POwpo) is the difference between strike level (SL) and actual precipitation quantity (x), 

multiplied by tick size (TS). 

 

[ ]0),( xSLMaxTSPOwpo −⋅=          (1) 

 

The burn-rate method is used for determination of premium, where fair premium is 

discounted expected payoff of the weather put option (Berg et al., 2005; Mußhoff et al., 

2005). 

 

)exp()( trPOEP wpof ∆⋅−⋅=          (2) 

 

In the given formula ( fP ) is fair premium, )( wpoPOE  expected value of payoff, 

)exp( tr ∆⋅−  discount factor, where ( r ) is interest rate and ( t∆ ) time period. According to the 

same methodology other parameters necessary for structuring weather put option are 

determined.  

Investigation of economic factors of chamomile production is based on determination 

of the revenue, total production costs and financial results. In this paper has been used average 

yield of the chosen production fields and average selling price of chamomile based on which 

average production value is obtained (without use of the weather derivative). If it is increased 

by potential profit from the weather derivative and decreased by fair premium, we get revenue 

with use of the weather derivative (Berg, 2005). Since the obtained revenue requires some 

costs, it is necessary to deduct them, so whatever is left is the final financial indicator, i.e. 

profit. 

In case without option profit (
optionwithout

P
.

) is calculated by deducting total costs ( TC ) 

from chamomile revenue without option (
optionwithout

R .
): 

 

Toptionwithoutoptionwithout
CRP −=

..
           (3) 
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In the second case profit with option (
optionwith

P
.

) equals the difference between 

chamomile production value with option (
optionwith

R .
) and total costs ( TC ): 

 

Toptionwithoptionwith
CRP −= ..

        (4) 

 

Based on the above calculations it is possible to compare distribution of the achieved 

profit with use of the weather put option to the profit without it. On the other hand, it is 

important to compare variance in both cases, as well, since it is a measure of risk. Comparison 

of percentiles in the most unfavorable cases (lower part of the profit distribution) shows 

additionally the possibility to decrease risk of losses with use of the weather derivative. All 

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

developed exactly for the issues of risk management.  

 

3. Results and Discussion 

 

Costs of chamomile production presented in table 1 cover just those costs occurring 

until chamomile harvesting. These costs are calculated separately from other costs since 

chamomile harvesting can be performed by various types of harvesters, which greatly 

influences the amount of total costs, but it also influences the proceeds (since  harvester work 

quality depends on the harvester type). 

 

  Table 1: Average costs of chamomile production per 1 ha  

Type of costs Unit Quantity 

Price  

per unit 

(EUR) 

Amount 

(EUR) 

I Seeds kg 2 50.00 100.00 

II Fertilizers / / / / 

III Pesticides / / / / 

IV Irrigation ha 1 120.00 120.00 

V Costs of machinery (1 - 5) ha 1 185.00 185.00 

     1. Stubble plugging  ha 1 45.00 45.00 

     2. Deep plugging ha 1 80.00 80.00 

     3. Seed-bed preparation ha 1 25.00 25.00 

     4. Seeding ha 1 25.00 25.00 

     5. Rolling ha 1 10.00 10.00 

VI Total costs of chamomile production (I - V)    405.00 
 

 

After harvesting, chamomile can be used in various ways, as dried flower, for 

production of ether oils, or as combination of these two. Depending on the way chamomile is 



Costs and profit in chamomile production using weather put option  

Markovic, T.; Ivanovic, S.; Pajic, M.Silva, T.L. da; Borgert, A.; Pfitscher, E.D.,; Rosa, F.S. da. 

 

Custos e @gronegócio on line - v. 10, n. 2 – Apr/Jun. - 2014.                                        ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

290

used after harvesting, producers will have different proceeds. In this paper is assumed that 

after harvesting all the chamomile is used as dried flower, since this is the most frequent 

practice and it ensures the highest profit of the production (Pajić, 2012). It should be noted 

that in chamomile production no artificial fertilizers or pesticides are used since chamomile is 

a medicinal plant and their use is not in accordance with the character of the production. 

Costs of mechanization in chamomile harvesting can be divided into costs of operation 

of the tractor which pulls the harvester (table 2) and costs of the pulled harvester (table 3). 

These costs are separated because of the different type of calculation (aggregated agricultural 

machines such is pulled harvester produce only fixed costs). Total costs of tractor and 

harvester operation for harvesting one hectare of chamomile is presented in table 4.  

 

Table 2: Costs of the tractor which pulls harvester 

Type of costs Amount (EUR/h) 

Fuel 14.28 

Lubricants 0.13 

Technical maintenance 0.37 

Housing 0.05 

Depreciation 1.17 

Interest 0.42 

Insurance 0.02 

Total costs per hour of work (EUR) 16.43 
 

Table 3: Costs of the pulled harvester  

Type of costs Amount (EUR/h) 

Technical maintenance 0.87 

Housing 0.11 

Depreciation 2.17 

Interest 0.95 

Insurance 0.01 

Total costs per hour of work (EUR) 4.11 
 

Table 4: Total costs of tractor and harvester operation per 1 ha 

Type of costs Amount (EUR) 

Costs of tractor and harvester operation per 1 h (EUR) 20.54 

Number of working hours per ha 5.26 

Total costs of tractor and harvester operation per 1 ha (EUR) 108.09 

 

Average profit from chamomile production per one hectare (when optimum machines 

are used for chamomile harvesting and when final product is dried flower) has been calculated 

in table 5. 
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Table 5: Profit in chamomile production 

Indices Amount (EUR/h) 

1. Value of production 2,545.68 

2. Costs of chamomile production 405.00 

3. Costs of mechanization in chamomile harvesting  108.09 

4. Labor costs in chamomile harvesting  21.05 

5. Transport costs of chamomile 15.00 

6. Drying costs 446.50 

7. The costs of processing and packing 178.60 

Profit in chamomile production (1-2-3-4-5-6-7) 1,371.43 

  

Chamomile is sown during September and October. It is necessary to have the 

appropriate quantity of precipitation at that time for the seeds to germinate. For that reason 

weather put option based on precipitation quantity can be used. It is based on cumulative 

monthly precipitation quantity which was measured at weather station “Tamiš” over 

September – October time period. Production organizer can buy put option on September 1
st
 

(time period is two months). That option brings proceeds to the agricultural producer that can 

be collected on November 1
st
 according to the equation (1) if cumulative monthly 

precipitation quantity is below 100 mm (which is the strike level, i.e. average precipitation 

quantity over 2005 – 2009 time period).  

 

( ) 50,100max ⋅−= xPOwpo            (5) 

 

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, payout does not go to 

the minimum precipitation quantity, but it is limited to 40 mm (Figure. 1). 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 19.62 € (figure 1) is calculated by software (@Risk) 

according to the equation (2).  

Revenue of chamomile production is determined by multiplying yield by chamomile 

price. For determining chamomile revenue with use of the weather derivatives and without 

them stochastic simulation method is used (Marković et al., 2011). Average total costs of 

chamomile production according to the previous researches are 1,174.25 €/ha. The above 

presented equations (3) and (4) for calculation of profit can calculate this economic indicator 

with or without use of the weather put option.  
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Figure 1: Fair premium and payoff of put option in chamomile production 

 

Expected value of the achieved profit in both cases is approximately 1,371.43 €/ha. In 

case without option minimum profit is 669.99 €/ha, and it is significantly lower than 

minimum profit with option, which is in the range from 810.21 €/ha (correlation coefficient 

+1.0) to 754.51 €/ha (+0.7). This minimum profit in case with option is reached at correlation 

between +0.6 and +0.7 (table 6). 

 

Table 6: Risk reduction in chamomile production with different correlation coefficients 

between rainfall and yield 

 Profit  

without 

option  

(€/ha) 

Profit with option (€/ha) 

Correlation 

coefficient 
1.0 1.0 0.9 0.8 0.7 0.6 

Minimum (€/ha) 669.99 810.21 779.50 768.07 754.51 648.13 

Expected value 

(€/ha) 
1,371.68 1,372.05 1,371.79 1,371.97 1,371.91 1,371.01 

Maximum (€/ha) 2,507.51 2,487.89 2,414.81 2,405.86 2,373.93 2,364.00 

Variance (€/ha) 48,010.27 37,998.98 38,982.73 39,889.63 40,955.93 41,852.55 

Risk reduction (%) - 20.85 18.80 16.92 14.69 12.82 

P
er

ce
n

ti
le

s 5 % 1,012.34 1,075.38 1,070.98 1,059.37 1,048.16 1,046.21 

10 % 1,092.32 1,137.06 1,128.51 1,125.08 1,120.75 1,110.95 

50 % 1,371.06 1,351.51 1,360.19 1,360.68 1,368.76 1,368.31 

95% 1,727.78 1,708.16 1,706.54 1,707.05 1,710.36 1,710.42 
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The maximum variance is the one in case without option (48,010.27 €/ha). In case 

with option it is lower (thus lowering the risk of loss) by 20.85% (correlation +1.0), i.e. 

16.92% (+0.8), and at the lowest observed correlation (+0.6) risk reduction is significantly 

lower (12.82%) (table 6). 

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

distribution, where the lowest revenue is, is taken into account. Hence, for example, 5% 

percentile value without option equals 1,012.34 €/ha, while in the case with option it rises to 

1,075.38 €/ha. If percentile is 10%, the difference between the achieved profit with option and 

without it is decreased. At higher correlation (+0.9) achieved profit with option is higher by 

36.19 €/ha, while at lower correlation (+0.7) it is higher by 2.60% of the achieved profit 

without option (table 6.). 

 

4. Conclusion 

 

The example of use of the weather put option presented in this paper clearly 

demonstrates that weather derivatives nowadays are useful instruments for decreasing weather 

risks. Special attention is paid to decreasing variations of economic parameters of success 

(e.g. profit) that depend on the weather factor. It is observed that if the production place is 

nearby weather station and there is strong correlation between weather index and chamomile 

yield, the risk reduction is very efficient (up to 20.85%). However, if they are at a distance 

and the correlation coefficient is lower, this significantly decreases risk protection effect. 

However, previous calculations show significant potential of the weather derivatives in 

reduction of production risks, so they can be supplements to the existing instruments of risk 

management in plant production.  
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