Journal of Agroecology
Homepage: https://agry.um.ac.ir/

«.’:)Z'w’:ézu

Research Article
Ev Vol. 14, No. 4, Winter 2023, p. 751-768

Estimation of Water Requirement and Wheat (Triticum aestivum L.) Yield
under the Impact of Climate Change

Mojgan Ahmadi®?! and Hadi Ramezani Etedali®?*

How to cite this article:

Ahmadi, M., and Ramezani Etedali, H., 2023. Estimation of water
requirement and wheat (Triticum aestivum L.) yield under the impact of
climate change. Journal of Agroecology 14(4): 751-768.

DOI: 10.22067/agry.2021.68517.1015

Received: 24-01-2021
Revised: 20-06-2021
Accepted: 01-09-2021
Available Online: 01-09-2021

Introduction

Crop production is directly dependent on climatic conditions, and climate determines the sources of production
and productivity of agricultural activities. Therefore, long-term forecasting of climate variables and taking the
necessary measures to mitigate the adverse effects of climate change have been considered by many researchers
around the world. Climate change affects water requirement and crop yields in the future, so it is important to study
changes in meteorological parameters and their impact on water requirement and crop yields in each region. So, in
this study, the effect of climate change on the yield and water requirement of wheat in Qazvin synoptic station was
investigated.

Materials and methods
In this study, the results of the scenarios were compared with the data of Qazvin station for wheat crop by statistical
error criteria including Explanation coefficient statistics (R2), root mean square error (RMSE) and maximum error
(ME). For evaluation, from the general circulation models in the LARS-WG model (EC-Earth, GFDL-CM3,
HadGEM2-ES, MIROC5, MPI-ESM-MR) and the scenarios of RCP2.6, RCP4.5 and RCP8.5 in the baseline 1986-
2015 was used. Yield and water requirement of wheat in the baseline and future periods 2021-2040, 2041-2060, 2061-
2080 and 2081-2100 were calculated with Aqua Crop software.

Result and discussion

The coefficient of explanation for the maximum and minimum temperatures simulated with the LARS-WG model
shows that the simulated data and the synoptic station data are highly correlated. An explanation coefficient greater
than 90% indicates that more than 90% of the variance in the minimum and maximum temperature data of the synoptic
station is described by the LARS-WG model data. The value of RMSE at the minimum and maximum temperature is
less than 3 °C, which indicates the low temperature deviation simulated with the LARS-WG model compared to the
actual temperature. The ME index value was obtained for the minimum temperature equal 6.93 °C and for the
maximum temperature equal 7.76 °C. The coefficient of explanation for the precipitation simulated with the LARS-
WG model shows that the simulated data and the data of the synoptic station do not have a high correlation and the
coefficient of explanation decreases to less than 0.5. The values of RMSE and ME were 33.28 mm and 183.10 mm,
respectively. The results show that the model is more accurate in simulating minimum and maximum temperatures
than precipitation. In a study, Goudarzi et al. (2015) investigated the performance of LARS-WG and SDSM
microscopic exponential models in simulating climate change in the catchment area of Lake Orumieh. The results
showed that both models are more accurate in simulating temperature than precipitation, which is consistent with the
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results of the present study. The average wheat yield for the baseline was 7.67 (tons/ha). The yield average will
increase in future periods, which is the highest in the HadGEM2-ES model with the RCP8.5 scenario and the period
2081-2100. Water requirement was obtained in the baseline 127.14 mm. The water requirement average will decrease
in future periods.

Conclusion
The simulation results of the LARS-WG model in the baseline showed that the model has more accurate in the
simulation of minimum temperature (Tmin) and maximum temperature (Tmin) than precipitation. This study findings
have also showed that the temperature will increase in future periods. Precipitation changes were seen as both
decreasing and increasing trend. The yield increased in future periods, which is the highest in the HadGEM2-ES model
with the RCP8.5 scenario and the period 2081-2100. The water requirement decreased in future periods.

Keywords: Aqua Crop, General Atmospheric Circulation Models, LARS-WG Model, RCP Scenarios.
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Climate change scenarios
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European community Earth-System
Geophysical Fluid Dynamics Laboratory
Hadley Centre Global Environment
International Center for Earth Simulation
Max Planck Institute for Meteorology Earth System

4- Long ashton research station weather generator
5- Weather generator
6- Representative concentration pathways

1- Proportional downscaling
2- Statistical downscaling
3- Dynamical downscaling
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Table 2- Classification of Pearson coefficient

Nsed (5932
Estimation result  Not correlated

g Lo s
Weak Moderate  Strong

R? <0.1

01to0.2 02to05 >05

3- Maximum error

1- Determination coefficient
2- Root mean square error
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Fig. 2- Precipitation and minimum and maximum temperature changes during the years 1986-2015
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Fig. 3- Results of monthly evaluation of total precipitation, mean minimum and maximum temperature of Qazvin synoptic
station and simulated with LARS-WG model in the baseline (1986-2015)
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Table 3- Percentage of minimum temperature changes under the three scenarios and future periods compared to the base
period (1986-2015)

S Jse
T u%’m 2021-2040 2041-2060 2061-2080 2081-2100
e aadd Scenario
GCMs
RCP4.50 13.03 23.14 29.17 28.29
EC-EARTH _
RCP8.50 12.94 27.86 45.45 44.56
RCP4.50 19.48 30.80 39.01 38.13
GFDL-CM3 —
RCP8.50 24.64 37.17 55.75 54.88
RCP2.60 19.18 26.03 24.05 23.17
HadGEM2-ES RCP4.50 16.44 26.95 37.83 36.95
RCP8.50 21.47 36.28 57.93 57.06
RCP4.50 12.13 21.11 26.19 25.31
MIROC5 _
RCP8.50 12.25 27.51 42.00 41.13
RCP4.50 13.15 21.54 28.95 28.08
MPI-ESM-MR —
RCP8.50 15.59 31.03 47.87 47.00
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Table 4- Percentage of maximum temperature changes under the three scenarios and future periods compared to the base
period (1986-1986)

woges o905 gdae byl 0 00 2041-2060 2061-2080 2081-2100
GCMs Scenario
RCP4.50 4.08 7.46 9.48 9.44
EC-EARTH T
RCP8.50 4.04 9.06 14.91 14.87
RCP4.50 8.24 13.65 17.23 17.18
GFDL-CM3 T
RCP8.50 10.33 16.60 2459 2453
RCP2.60 7.14 10.72 9.09 9.03
HadGEM2-ES RCP4.50 6.89 10.43 15.95 15.90
RCP8.50 8.47 14.67 23.17 23.12
RCP4.50 4.94 8.32 11.37 11.31
MIROC5 il
RCP8.50 4.00 10.72 15.97 15.91
RCP4.50 5.82 8.10 11.77 11.72
MPI-ESM-MR =~ ———
RCP8.50 6.05 11.78 18.90 18.86
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Table 5- Percentage of precipitation changes under the three scenarios and future periods compared to the base period (1986-

2015)
o908 o35 SBdse Bglw o001 0040 20412060 2061-2080  2081-2100
GCMs Scenario
RCP4.50 9.73 10.70 13.86 0.34
EC-EARTH RCP8.50 11.28 16.69 12.03 -1.31
RCP4.50 4.03 0.37 -3.65 -16.11
GFDL-CM3 RCP8.50 0.53 -0.05 -2.04 -13.44
RCP2.60 17.72 12.84 22.93 9.02
HadGEM2-ES RCP4.50 9.24 25.72 18.92 5.05
RCP8.50 7.39 12.00 17.98 4.12
RCP4.50 4.71 14.23 0.71 -10.63
MIROCS RCP8.50 15.92 7.21 11.85 -1.13
RCP4.50 -4.02 8.01 -1.83 -13.51
MPI-ESM-MR RCP8.50 7.61 -3.01 -7.12 -17.49
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Fig. 4- A) Results of annual mean yield EC-EARTCH model, B) Results of mean annual yield GFDL-CM3 model, C) Results
of mean annual yield MPI-ESM-MR model, D) Results of mean annual yield MIROCS model, and E) Results of mean annual
yield HadGEM2-ES model for the periods (2021-2040), (2041-2060), (2061-2080) and (2081-2100)
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Fig. 5- A) Results of the mean annual water requirement and evapotranspiration EC-EARTCH model, B) Results of mean
annual water requirement and evapotranspiration GFDL-CM3 model, C) Results of mean annual water requirement and
evapotranspiration MPI-ESM-MR model, D) Results of mean annual water requirement and evapotranspiration MIROCSH
model and E) Results mean annual water requirement and evapotranspiration HadGEM2-ES model for the periods (2021-
2040), (2041-2060), (2061-2080) and (2081-2100)
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Table 6- Percentage of changes in wheat yield in Qazvin synoptic station under three scenarios and four future periods
compared to the baseline (1986-2015)

woges o905 gadae gyl o001 0040 2041-2060 20612080  2081-2100

GCMs scenario
RCP4.5 13.41 21.90 25.46 24.60
EC-EARTH RCP8.5 16.68 26.55 44.94 54.71
RCP4.5 12.60 22.24 23.83 22.93
GFDL-CM3 RCP8.5 16.46 30.36 44.32 53.66
RCP2.6 13.11 15.41 13.95 10.54
HadGEM2-ES RCP4.5 13.44 21.32 28.43 27.42
RCP8.5 16.54 29.46 46.43 55.68
RCP4.5 12.57 20.40 23.71 22.91
MIROCS RCP8.5 15.47 27.28 4223 51.62
RCP4.5 12.76 20.07 24.61 23.63
MPI-ESM-MR RCP8.5 15.07 26.96 4211 51.47
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Table 7- Percentage of changes in wheat water requirement in Qazvin synoptic station under three scenarios and four future
periods compared to the baseline (1986-2015)

o908 o35 SBdse gl 000 0040 20412060 20612080 2081-2100

GCMs scenario

45 -12.22 -46.67 -47.06 -14.34
EC-EARTH 8.5 -13.56 -32.91 -87.77 -75.97
45 -5.61 -28.86 -39.04 -3.61
GFDL-CM3 8.5 -14.70 -70.15 -62.40 -47.34
2.6 -14.38 -23.39 -45.81 -3.69
HadGEM2-ES 45 -12.30 -30.63 -70.27 -34.95
8.5 -18.59 -46.32 -78.49 -71.41

45 -9.00 -38.29 -17.53 0.36
MIROCS5 8.5 -22.68 -16.07 -70.43 -62.56
45 -7.66 -12.26 -6.87 6.18
MPI-ESM-MR 8.5 9.45 -10.53 -58.47 -28.03
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Table 8- Percentage of changes in wheat evapotranspiration in Qazvin synoptic station under three scenarios and four future
periods compared to the baseline (1986-2015)

wops o935 gadse gyl 2021-2040 2041-2060 2061-2080 2081-2100

GCMs Scenario

45 5.16 -3.22 -6.91 0.23

EC-EARTH 8.5 5.10 -4.04 -19.42 -17.01
45 7.70 -0.87 -3.29 4.80

GFDL-CM3 8.5 2.73 -7.33 -15.14 -11.65
2.6 5.75 2.07 0.48 8.38

HadGEM2-ES 45 7.23 0.06 -8.87 -0.75
8.5 3.23 -5.96 -18.70 -15.51

45 9.65 2.39 2.33 8.91

MIROCS 8.5 6.05 0.04 -12.52 -9.52
45 9.40 3.54 -0.40 6.26

MPI-ESM-MR 8.5 8.19 -1.34 -12.94 -8.28
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