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ABSTRACT

Designing and implementing temperature-humidity index insurance is a proper risk management tool that can lower animal
breeder loss against heat stress and can lead to their income stability. Given this important issue in the present study, this
insurance system has been designed for dairy cattle production in Damavand County. The required data were collected
monthly from Damavand County’s agricultural and meteorological organizations in a time span ranging between 2012 and
2016. Given the flexibility of copula approach and its high accuracy in measuring dependency structure, this method was
employed to account for joint distribution function and to measure expected loss. The results indicated that a strong
dependency exists between dairy cow yield and temperature-humidity index, and this dependency can be better explicated
through negative rotating Clayton index than any other copulas. The premium amount for each dairy cow has been
calculated as 610650 Rials at 100 percent coverage level. Additionally, the expected loss resulted from heat stress at the 100
percent coverage level has been calculated as 42 kilograms within a month for each dairy cow. Considering the total number
of dairy cows in the town, i.e. 2207 cows, the total loss resulted from heat stress has been calculated as 92694 kilograms and
over 1.2 billion Rials within a month. With regard to the great loss resulted from heat stress and the importance of milk in
the health of societies, it is recommended that the officials and policy-makers devote a particular attention to designing this
insurance system throughout country.
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Table 1. The average monthly and annual THI values between 2012 and 2016 calendar years

Calendar Calendar Annual
Year  January February March April May June July August September October November December average
2012 37 34.9 408 542 61 661 721 68.6 64 55.9 47.8 404 53.57
2013 38.7 424 474 531 586 662 731 681 63.9 54.5 474 37.9 54.27
2014 38 37.6 459 534 607 672 729 69.9 64.8 54.4 435 40.8 54.09
2015 40.3 43.2 466 544 624 707 723 705 65.1 60.7 46.9 40.9 56.18
2016 36.6 38.3 44 534 616 695 725 70.1 63.8 54 42.1 39 53.75

Average  38.1 39.3 449" 53.7° 60.9° 67.9° 72.6° 69.4° 64.3° 55.9" 455" 39.8 54.37

Reference: research results
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Table 2. The average milk produced per each dairy cow (kg/day) in different months between the calendar years of
2012 and 2016

Calendar Calendar Annual
Year  January February March April May June July August September October November December average
2012 27.98 3756 37.56 39.74 39.54 31.63 27.68 2827 30.25 35.58 29.06 29.66 32.88
2013 32.34 3252 2911 29.23 3243 29.91 2875 34.14 34.14 35.3 33.81 32.16 31.99
2014 29.24 30.72 3055 31.21 31.92 29.42 2875 3381 34.12 36.88 36.62 33.02 32.19
2015 31.04 31.27 312 3152 327 314 3057 3229 35.77 36.02 34.55 31.35 32.48
2016 3131 3159 314 3329 36.04 30.97 30.21 31.72 32.48 33.99 32.02 3157 32.22

Average  30.38 3273 3197 33 3452 30.67 29.19 32.05 33.35 35.56 33.21 31.55 32.35

Reference: research results
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Figure 1. Trend of THI annual average changes and average daily milk yield per each cow
between the years of 2012 and 2016

Table 3. The results pertaining to calculating the parameter of copula functions for milk yield and the THI index

Copula Calculated parameter and AIC BIC
Gaussian -0.09 -11.78 and -6.04
Frank -0.53 -9.32 and -5.49
Clayton (90&270 degrees) -0.12 -6.21 and -2.04
Gumble (90&270 degrees) -1.06 -45.66 and -33.84
Rotated Joe (90&270 degrees) -1.11 -52.68 and -40.87
Galambos 0.27 -51.24 and -39.43
Husler and Reisss 0.56 -53.63 and -41.81
Tawn 0.17 -41.17 and -29.35

Reference: research results
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Table 4. Selection of suitable Marginal distribution for the Milk yield

Distribution Kolmogorov-Smirnov Anderson-Darling Chi-Squared
Statistic 0.06 0.29 4.12
Generalized logistic p-value 0.96 _ 0.53
Critical value (0=%5) 0.17 2.51 11.07
Reference: research results
e 0 Sas ot 9 2l o3l 4 gy s B Jgaxr
Table 5. Stationarity test results and forecasting of Milk yield
ADF Statistic -4.67 AIC BIC
Critical value (0=%1) -3.56 -141.95 -136.09
Critical value (a=%5) -2.92 Suitable model Forecasting yield amount
Critical value (6=%10) -2.59 ARIMA(0,1,1) 967

Reference: research results
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Table 6. The calculated premium amount in weather-based index insurance project and the expected loss for milk
yield in Damavand town in a month per each dairy milk

Coverage level Critical values Ave Fair premium Actual premium
(kg) [max(yc-y),0] (Thousand Rials) (Thousand Rials)
100 967 42 549.59 610.65
90 870.3 11 149 165.56
80 773.6 3 45.66 50.74
75 725.25 2 26.85 29.83
50 4835 0.2 3.81 4.24

Reference: research results
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Table 7. The amounts of maximum commitment of insurer for milk yield per each dairy cow in Damavand town

Critical values
Coverage level

The maximum commitment of insurer

(kg) (Thousand Rials)
100 967 12571
90 870.3 113139
80 773.6 10056.8
75 725.25 9428.25
50 483.5 6285.5
Reference: research results
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Figure 2. Rising indemnity function of THI index
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