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Abstract

The aim of the current research is to investigate the effect of climate change on the milk
production curve and fat percentage and fat percentage and the rate of milk changes of
Holstein cows in different climates from seven provinces. For this purpose, 70,000 test
day records related to 22,471 Holstein cows were collected during the years 2001 to
2016. Using data from the nearest synoptic station, the climate temperature humidity
index was calculated and compared using temperature and relative humidity. Due to the
possibility of greater impact of longer periods of heat stress compared to shorter
periods, the average of 1, 2 and 3 day were also calculated. In general, the changes
caused by different climates were calculated through artificial networking using
Neurosolution software. In general, the changes caused by different climates were
calculated through artificial networking using Neurosolution software. The goodness of
fit was determined using the coefficient of explanation r and the mean square error of
the MSE model. Based on the results, the temperature humidity index (THI) was
determined as the best criterion to investigate the climatic conditions of the studied area.
Based on the results, the humidity and temperature index was determined as the best
criterion to investigate the climatic conditions of the studied area. It has also been
observed that the average temperature and relative humidity 2 days before recording can
explain a greater share of the changes in production performance than on the day of
recording alone. The results of this study showed that increasing the THI value reduced
milk production and increased milk fat percentage.
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Table 1. Average daily production performance of the animal

Variable Number of records Maximum Minimum Mean SD

Amount of milk 62846 55.13 6.32 30.73 8.13

Fat percentage 62846 5.83 0.55 1.96 1.69

25 A5l sl gl s e eyl =Y J s
Table 2. Performance comparison of different scenarios for milk production

Scenarios MAE Final MSE Cross validation MSE NMSE r
S1 5.23 0.01 44.81 0.67 0.57
S2 5.34 0.006 47.13 0.71 0.53
S3 5.53 0.006 47.15 0.71 0.53
sS4 5.25 0.005 45.27 0.68 0.55
S5 5.19 0.005 44.59 0.66 0.57
S6 5.35 0.006 47.39 0.71 0.53
S7 5.20 0.005 45.20 0.68 0.56

s WE Sl sl gl Shee anglie Y Jsir
Table 3. Performance comparison of different scenarios for fat production

Scenarios MAE Final MSE Cross validation MSE NMSE r
S1 0.49 0.01 0.37 0.91 0.29
S2 0.48 0.01 0.37 0.90 0.30
S3 0.50 0.01 0.38 0.93 0.25
sS4 0.47 0.01 0.36 0.87 0.35
S5 0.47 0.01 0.35 0.86 0.36
S6 0.49 0.01 0.37 0.90 0.30
S7 0.49 0.01 0.37 0.92 0.27
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Table 4. Tested scenarios for selecting artificial neural network
Scenarios Network input parameters for milk and fat production traits
TEST, ST, CY, AGEC, REC, HID, STRESS

DIM, ST, CY, AGEC, REC, HID, SRESS

TEST, ST, CY, AGEC, REC, SID, STRESS
TEST, ST, CY, AGEC, REC, CID, STRESS
TEST, ST, CY, AGEC, REC, HID, CID, STRESS
DIM, ST, Cy, AGEC, REC, HID, MTHI

TEST, ST, CY, AGEC, REC, HID, MTHI

~N oo o~ WN P

FdDIM) 5,5, <o s (AGEC) 215 e (CY) Liuls Sl oS8T, 58, Jad 5 (TEST) 5,85, cus ol e Jis sl el 5L

(STERSS) R S e J 5 (REC) 5,55, cos 5 (HID) 45(CID) sl

The parameters of the models include record turn (TEST) and record season (ST), calving year (CY), calving age
(AGEC), record turn (DIM), province effect (CID), herd (HID) and record turn (REC), and the effect of humidity-
temperature index or stress level (STERSS)

o 2050 Sl s (683,555 slass, s THI :Ske -0 Jsa
Table 5. The average THI on record days in the investigated climates

Climate Province THIO THI1 THI2 MTHI01 MTHI012
Wet Gilan 68.99 67.97 68.41 68.48 68.46
Semi-wet Golestan 70.98 71.03 71.43 71 71.15
Mazandaran 70.86 71.16 71.01 71.01 71.01
Khuzestan 75.22 75.16 75.36 75.19 75.24
Dry desert Kerman 71.86 71.88 71.81 71.87 71.85
Yazd 70.85 70.56 70.62 70.71 70.68
Qom 70.79 71.29 70.80 71.04 70.96

Histogram Histogram
= Wet - N Semi-wet
milk milk
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Fig 1. Distribution of milk production in three climates
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Table 6. Construction of the initial artificial neural network for the variable amount of milk and fat

percentage
Milk
Layer Perceptron  Transfer function Law of learning r MSE TEST MAE
1 5 Sigmoid Levenberg—Marquardt 0.53 46.64 5.31
Linear hyperbolic tangent  Levenberg—Marquardt 0.51 48.34 5.42
Linear axon Levenberg—Marquardt 0.43 54.22 5.78
Axon Levenberg—Marquardt 0.42 54.52 5.79
Hyperbolic tangent Levenberg—Marquardt 0.52 48.5 5.40
2 5-5 Linear hyperbolic tangent Momentum 0.43 53.81 5.80
Sigmoid Lineberg 0.52 47.50 5.37
Fat
Layer Perceptron  Transfer function Law of learning r MSE TEST MAE
1 5 Hyperbolic tangent Momentum 0.15 0.97 0.61
Sigmoid Levenberg—Marquardt 0.25 0.62 0.59
Hyperbolic tangent Levenberg—Marquardt 0.27 0.61 0.59
2 55 Sigmoid Levenberg—Marquardt 0.31 0.01

el o Pl el f Sy b S e (SIS Y s

Table 7. The effect of climate on the predicted milk production curve based on stress levels

Stress levels Milk Milk Output Fat Fat Output
1 30.77 30.08 3.18 3.07
2 30.94 30.91 3.16 3.05
3 31.65 31.4 3.10 3.03
4 31.54 3143 3.08 3.02
5 29.04 29.11 3.09 3.03

ARA
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Fig 2. The trend of humidity-temperature index changes in three climates from 2001 to 2016
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