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Introduction

Climate change has greatly challenged the management of water resources due to its impact on
water requirements of crops. In this research, the effect of climate change on water requirement of
Rice crop was simulated in the study area of the Tajan watershed and its changes until 2060 were
studied. To investigate climate change, Lars-WG software and HadGEM2 model outputs under (RCP
2.6) and (RCP 8.5) climate scenarios have been used. To evaluate the impact of climate change in the
next 40 years on water requirement, using CROPWAT 8.0 software, potential and actual
evapotranspiration and effective rainfall were calculated for the future period and crop water
requirement was determined and compared with the water requirement of the current period. The
results showed that the mean water requirement of Rice crop in the RCP 2.6 scenario were predicted
in 2040-2021 and 2041-2060 periods is equal to 658.27 and 658.46 mm, respectively, and in the RCP
8.5 scenario in 2040-2021 and 2041-2060 periods were predicted to be equal to 672.93 and 673 mm,
respectively. Therefore, according to both climate scenarios, the water requirement has increased in
all time periods compared to the current period, which is about 648 mm.

Mazandaran is a province based on agricultural production and it has long been one of the centers
of Rice cultivation as the second strategic product of the country. planting Rice is very vital and
important for the economy of the whole region. Therefore, it is necessary to study the evaluation of
changes in the water requirement of Products in response to climate change conditions.

Various researchers investigated the effects of climate change on water requirement, some of which
are mentioned below.

Casolani et al. (2020) in a study investigated the effect of climate change on water requirement of
crops. The results showed that the water requirement in the periods of 2011-2040, 2041-2070, and
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2071-2100 will increase by 6, 19, and 24 percent, respectively, compared to the current period. Jia et
al. (2021) investigated the changes in the water requirement of crops under climate change
conditions. The results showed that the effective rainfall increases by 0.98 mm per year and the water
requirement decreases by 2.27 mm per year.

Methodology

Considering the direct relationship between the climatic variables of temperature and precipitation
and plant evapotranspiration, it is first necessary to evaluate different climatic scenarios, and then to
evaluate this information to estimate the water requirement of plants. In the present study, in order to
investigate the effects of climate change on the water requirement of Rice crop in the future, it was
necessary to simulate the climatic parameters of this period. In this research, the outputs of one of
atmospheric-oceanic general circulation models hamed HadGEM2 have been used to investigate
rainfall and temperature changes under RCP 2.6 and RCP 8.5 climate scenarios as optimistic and
pessimistic scenarios in the study area of the Tajan watershed. Lars-WG software was used for
Downscaling during three stages of data calibration, data evaluation, and meteorological data
generation for the future period. Daily values of rainfall, maximum and minimum temperature, and
sunshine hours for the next 40 years (2021-2060) were produced and simulated.

CROPWAT 8.0 software was used to estimate water requirements. This model is a simple water
balance model and enables the simulation of moisture stress on the plant and calculation of the yield
reduction based on the established methods of estimating evapotranspiration and the reaction of the
plant to water stress. The steps for calculating water requirements are explained below.

-Calculation of evapotranspiration:

In order to determine the potential evapotranspiration, the FAO- Penman -Monteith method, which is
approved by the international commission on irrigation and drainage (ICID), food and agricultural
organization (FAO) and american society of civil engineers (ASCE), was used by CROPWAT 8.0
software. This method provides the most up-to-date, accurate, comprehensive analysis related to the
process of evapotranspiration and enables the quantification of this criterion through mathematical
equations (Gkatsopoulos, 2017).

-Calculation of effective rainfall:

The amount of effective rainfall has been calculated using monthly rainfall statistics and the method
of united states department of agriculture (USDA) by CROPWAT 8.0 software. Finally, to calculate
the water requirement, equation (1) was used by CROPWAT 8.0 software (Ramezani Etedali et al.,
2019).

CWR= 10( ETC - Peff) (1)

where: ET,: is the evapotranspiration in (mm), Peg: is the mean monthly effective rainfall (mm),
and CWR: is the water requirement (cubic meters per hectare).

Results and Discussion

The results showed that the mean monthly minimum and maximum temperature in all months of
the future period will increase in both scenarios compared to the current period. The mean monthly
rainfall in the future period in both scenarios does not have a constant trend compared to the current
period and is various in different months. The amount of potential evapotranspiration in both
scenarios has increased in all periods compared to the current period, which is equal to 2.84 mm.
Also, the water requirement of Rice has increased according to both scenarios in all periods
compared to the current period, which is equal to 6481 cubic meters per hectare. The results of the
prediction mean potential evapotranspiration, effective rainfall and water requirement of Rice crop
under climate change conditions under two scenarios in the time period (2021-2040) and (2041-
2060) and the amount of these parameters in the current period. shows that the rate of potential
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evapotranspiration decreases during these two periods. The amount of effective rainfall also
decreases during these two periods. The water requirement increases in the period (2041-2060)
compared to the period (2021-2040) in both scenarios. The mean water requirement in RCP 2.6
scenario in period (2040-2021) and (2041-2060) is equal to 6582 and 6584 cubic meters per hectare,
and in RCP 8.5 scenario in period (2040-2021) and (2041-2060) it is equal to 6729 and 6730 cubic
meters per hectare, respectively. Therefore, according to both scenarios water requirement has
increased in all time periods compared to the current period, which is equal to 6481 cubic meters per
hectare.

Conclusions

Knowing the growth period, effective rainfall and water requirement for planning agricultural
operations is a significant help in order to optimally use limited water resources. the general results
obtained in this research are as follows:

-Climate change causes an increase in crop water requirement in both climate scenarios in the future
period compared to the current period.

- The increase in water requirement in the distant future period (2041-2060) is higher compared to
the near future time period (2021-2040)

The results of this research show that it will be possible to use the model used in this research to
predict climate change and its effects on the water requirement of crops with good accuracy. The
results of this research can be a useful tool for managers, planners and policymakers of the water
sector in order to properly and sustainably manage water resources in line with the sustainable
development of agriculture. It is suggested that in future research, in order to more accurately
evaluate the changes in the water requirement under the impact of climate change, the output results
of different atmospheric-oceanic general circulation models should be compared.
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Table 1- Mean monthly climate parameters predicted under RCP 2.6 and RCP 8.5 climate scenarios
in 2021-2060 period

Months Mean Monthly Precipitation Mean Monthly Maximum Mean Monthly Minimum
(mm) Temperature (°C) Temperature (°C)
Future Period Current Future Period Current Future Period Current
Period Period Period
RCP RCP RCP RCP RCP RCP
8.5 2.6 8.5 2.6 8.5 2.6
January 69.62  75.01 72.89 1426  14.26 13.56 2.46 2.51 0.99
February 61.76 70.05 67.74 14.66 14.59 13.44 3.54 3.48 1.88
March 76.94  93.37 79.37 19.02  18.58 17.12 6.43 6.18 4.88
April 59.74 68.9 55.39 23.16 22.78 21.07 10.60 10.27 8.28
May 4048  40.13 45.32 28.42  28.32 26.50 1599 1574 14.3
June 32.04 36.69 31.52 32,12 31.93 30.50 2042 20.14 18.71
July 28.09 35.35 31.71 34.65 34.19 32.21 2232 21.95 20.47
August 35.79  37.83 34.52 35,57 35.15 33.24 21.73  21.39 20.28
September  76.39  72.64 82.73 31.74 3172 30.12 19.12 18.85 17.92
October 7288 7441 84.71 26.97 26.92 25.39 1424 14.01 13.09
November 126.75 144.97 129.89 20.32 19.99 19.36 8.54 8.41 6.99
December 100.93 111.13 92.22 15.84 15.6 14.63 4.06 4.07 2.52
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Table 2- Evaluation of model performance using different criteria for the current period

Station parameter MSE  RMSE MAE R? K-S P
Dashte  Minimum Temperature (°C)  0.04 0.20 0.17 0.94 0.50 0.96
Naz Maximum Temperature (°C)  0.10 0.31 0.23 0.98 0.72 0.66
Precipitation (mm) 27.48 5.24 3.35 0.95 1.04 0.22

0393 33 2T 5L 9 Fh0 ok ez 0 8% 9 w5 Ol T J9or
Table 3- Amount of potential evapotranspiration, effective rainfall and water requirement for the
current period

Potentla_ll . Effective Rainfall Water Requirement
Evapotranspiration Year
(mm/Year) (m3/ha)
(mm/Day)
2.72 108.60 6240 1995
2.84 173.60 6817 1996
2.70 175.80 6250 1997
2.82 219.90 6567 1998
2.71 249.00 6373 1999
3.07 175.90 6921 2000
3.07 130.20 6969 2001
2.97 214.20 6626 2002
2.80 227.80 6450 2003
2.86 351.10 6043 2004
2.84 212.50 6475 2005
2.96 74.30 6525 2006
2.88 222.70 6098 2007
2.96 101.60 6602 2008
2.81 204.20 6341 2009
2.93 83.10 6612 2010
2.67 142.40 6116 2011
2.77 166.30 6553 2012
2.74 136.00 6288 2013
2.88 94.80 6684 2014
2.81 162.60 6553 2015
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Table 4- Potential evapotranspiration, effective rainfall and water requirement predicted for the
future period (2021-2040)

Potential Evapotranspiration

Effective Rainfall

Water Requirement

(mm/Day) (mm/Year) (m3/ha)

RCP 2.6 RCP 8.5 RCP 2.6 RCP 8.5 RCP 2.6 RCP 8.5
3.18 3.21 140.40 122.40 6971 7106
3.19 3.21 194.00 170.00 6855 6977
3.12 3.14 189.30 166.50 6630 6755
3.00 3.02 227.10 197.90 6636 6749
3.02 3.04 199.10 176.20 6392 6504
2.99 3.02 210.30 169.80 6580 6697
3.08 3.10 232.10 201.90 6596 6715
3.03 3.05 322.00 285.70 6309 6429
3.09 311 202.00 170.50 6663 6773
3.01 3.03 215.60 183.20 6544 6644
2.98 3.00 167.10 146.70 6458 6643
2.76 2.78 310.30 276.30 6086 6244
2.87 2.89 341.90 291.40 6412 6578
2.84 2.86 288.60 247.40 6312 6473
2.93 2.95 208.20 115.20 6434 6626
2.91 2.93 212.20 182.10 6402 6590
3.17 3.19 264.90 237.40 7008 7215
3.17 3.19 227.80 193.10 6882 7070
3.11 3.14 246.00 216.10 6663 6833
3.04 3.06 225.00 200.70 6822 6966

Year

2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040

(Fe£1-7200) (FT0595 58 (2T 55 9 F0 b o 0 88 9 el Olimo G —0 J9or
Table 5- Potential evapotranspiration, effective rainfall and water requirement predicted for the
future period (2041-2060)

Potential Evapotranspiration

Effective Rainfall

Water Requirement (m3/ha)

(mm/Day) (mm/Year)

RCP 2.6 RCP 8.5 RCP 2.6 RCP 8.5 RCP 2.6 RCP 8.5
3.04 3.07 212.30 189.60 6489 6626
3.04 3.06 159.70 133.30 6785 6931
3.09 3.12 173.30 144.20 6707 6842
3.03 3.06 275.30 235.60 6433 6588
3.09 3.11 219.20 197.40 6690 6826
3.02 3.04 156.90 131.40 6601 6718
2.97 2.99 268.50 226.60 6424 6581
2.76 2.78 247.60 207.70 6175 6311
2.85 2.87 257.20 216.80 6362 6494
2.84 2.86 222.30 187.00 6385 6515
2.91 2.93 199.40 165.60 6382 6542
2.91 2.94 286.30 248.30 6440 6588
3.21 3.23 175.60 152.40 7137 7301
3.17 3.20 251.80 210.20 6916 7067
3.10 3.13 359.50 329.10 6688 6844
3.02 3.04 152.30 137.70 6788 6937
3.01 3.03 242.70 211.40 6437 6582
3.03 3.05 252.80 222.90 6802 6952
3.07 3.09 308.10 255.20 6590 6749
3.05 3.07 173.80 147.30 6461 6614

Year

2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
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Table 6- Mean potential evapotranspiration, mean effective rainfall and mean water requirement
predicted results for the current and future period

Potential Evapotranspiration

Effective Rainfall (mm/Year) Water Requirement (m3/ha)
(mm/Day)
RCP 2.6 RCP 8.5 RCP 2.6 RCP 8.5 RCP 2.6 RCP 8.5
N N N N N N N N N N N N
Current § g § g Current § g § g Current § g § g
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Fig.3- Mean effective rainfall under RCP 2.6 and RCP 8.5 climate scenarios
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