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Abstract

Climate change is one of the most important environmental
challenges that has a significant impact on fundamental
resources, including water resources and so it is necessary to
assess this phenomenon and predict its impact on the
environment, environmental resources, agriculture and water
resources. In this study, climatic parameters were simulated for
six different climates of Iran using the general ocean
circulation model GFDL-CM3 under two commonly used
scenarios RCP4.5 and RCP8.5 and in two time periods of
2021-2040 and 2041-2060. Then results were used to predict
the water footprint of agricultural crops for its two
components; blue water and green water footprints. For this
aim, 31 stations from all over Iran were selected and classified
into six climate classes using the UNESCO classification and
their 30-year meteorological statistics data were given as the
input to the LARS-WG model. With the production of 200
series of data, meteorological data were generated over the
desired time periods. The results showed that during future
periods the temperature in the study areas will increase from
0.5 ° Ct0 2.03 ° C and rainfall changes will increase from -16
mm to 100.2 mm. This will cause changes in green and blue
water footprints in different climates of Iran from -13.44% to
37.53% in green water footprint and -18.77% to 38.20% in
blue water footprint. Among the studied climates, the
SA-K-W and PH-C-W climates will have the largest reduction
in green water footprint and the highest increase in blue water
footprint, and will be most affected by climate change and its
consequences.
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Table 1- Annual average of different meteorological parameters of the selected climates in the study area
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Wind Relative . Maximum Minimum
. Sun hour - Rainfall
Climate (hr) speed humidity (mm) temperature  temperature
(m/s) (%) (C) S
SA-K-W 7.7 2.2 55.0 322.3 19.1 5.1
SA-C-VW 7.7 1.9 48.4 456.6 22.8 8.9
A-C-W 8.5 2.5 36.8 150.7 24.4 9.9
A-M-W 8.3 2.8 57.3 217.8 31.6 19.8
PH-C-W 5.0 1.6 80.0 1063.4 21.4 12.5
A-C-VW 8.6 2.4 36.0 103.7 26.3 11.2
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Fig. 1- Climatic division of Iranian Provinces in terms of UNESCO Climate Classification
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Table 2- Performance indicators of LARS-WG model in the assessment period
Eowily 8493 3 LARS-WG Joo 3,50es s jadli - Jous

. SA-K-W SA-C-VW A-C-W A-M-W PH-C-W A-C-VW
Statistics —2——RMSE R RMSE R RMSE R RMSE R RMSE R RMSE
MinTem  0.42 189 -043 134 -045 124 071 153 -1.10 158 -056 1.88
Max Tem -0.10 1.39 -0.27 2.26 -0.59 1.90 0.27 1.29 -1.28 2.13 0.13 2.73

Rainfall -0.12 7.49 0.27 14.03 0.20 12.47 0.40 16.90 0.44 39.80 -0.98 12.63
Sun hour -0.36 6.48 0.37 6.70 -0.74 7.39 0.24 7.02 -0.15 8.19 0.71 6.79
Table 3- Performance indicators of LARS-WG model in validation period
wCSuo 890 43 LARS-WG Jue 3,8dos (s sl - Jous

L SA-K-W SA-C-VW A-C-W A-M-W PH-C-W A-C-VW
Statistics R RMSE R RMSE R RMSE R RMSE R RMSE R RMSE
MinTem  1.01 244  -047 161 065 127 -076 137 -139 225 074 241
Max Tem  -0.80 2.39 -0.72 2.35 0.68 2.00 -1.53 1.89 -1.60 2.29 0.76 3.10

Rainfall 0.14 12.49 1.07 24.29 -0.11 9.47 -0.26 15.90 0.52 1933  1.02 16.34
Sunhour  -0.49 7.48 1.10 897 -08 915 -150 865 0.87 950 063 345
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Table 4- Mean values of meteorological parameters of simulated data under two RCP4.5 and RCP8.5
scenarios

RCP8.5 g RCP4.5 g9 yluw 93 Coxi b jlwdund (520315 (cmwrluilgd (ol ol )by 3l (1l —F Jguo

Parameter Sce”a”‘;gﬂrds:;m“'ated SA-K-W  SAC-VW  A-C-W A-M-W PH-C-W  A-C-VW g:’:r:ggs
Average of historical 12.41 16.81 16.90 25.97 17.97 19.05 -
® values
2 RCP4.5 (2021-2040) 12.98 17.34 17.43 26.47 18.43 #19.50 0.50
é RCP4.5 (2041-2060) #1461 18.93 18.87 27.92 19.94 21.05 2.03
s RCP8.5 (2021-2040) 13.12 17.47 17.54 26.61 18.66 19.60 0.65
RCP8.5(2041-2060) 14.47 18.80 18.94 27.90 19.93 21.00 1.34
A"eragfI;EES'Stor'ca' 316.45 420.68 150.57 221.95 1136.09 100.40 -
= RCP4.5 (2021-2040) 321.83 435.42 163.33 263.55 ##1236.28 111.45 30.95
'E RCP4.5 (2041-2060) "300.50 411.86 145.66 234.95 1156.25 105.05 1.35
RCP8.5 (2021-2040) 323.45 440.25 159.90 246.56 1182.12 110.65 19.46
RCP8.5(2041-2060) 317.14 #420.99 149.66" 219.92 1234.68 106.60 2.32
Average of historical 7.85 7.69 8.51 8.32 8.58 8.40 -
values
5 RCP4.5 (2021-2040) 7.92 7.75 8.63 8.44 "711 #8.45 -0.18
= RCP4.5 (2041-2060) 8.03 7.81 8.68 8.49 7.12 8.45 -0.13
>
» RCP8.5 (2021-2040) 7.84' 7.76 8.65 8.47 7.22 8.50 -0.15
RCP8.5(2041-2060) #3808 7.75 8.64 8.47 7.17 8.45 0.02
* The lowest increase ' The lowest reduction
** The highest increase " The highest reduction
RCP4.5 (2021-2040) RCP4.5 (2041-2060)
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Fig. 2- Amount of changes in temperature (°C) and precipitation (mm) in the coming years with RCP4.5 and
RCP8.5 scenarios
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Table 5- Water footprint rates in historical periods and simulated rates in future scenarios
ST g sl )3 00 (g3lwamad 9 (B )b (soy90 0 T (513 lwe -0 Jgi>

Scenario and simulated

WF COUISES SA-K-W SA-C-VW A-C-W A-M-W PH-C-W A-C-VW
Average of historical values 286.0 247.7 115.7 173.9 540.6 86.7
RCP4.5 (2021-2040) 292.3 254.3 121.6 187.8 552.8 93.4
GWF RCP4.5 (2041-2060) 284.1 252.9 109.0 181.5 534.0 87.9
RCP8.5 (2021-2040) 292.5 253.5 120.5 186.8 *555.7 93.4
RCP8.5(2041-2060) 280.2 254.9 110.6 181.4 552.3 86.7
Average of historical values 1739.6 1755.4 2264.0 2295.9 845.2 #2397.8
RCP4.5 (2021-2040) 1779.8 1719.6 2023.0 2149.7 943.6 2190.2
BWF RCP4.5 (2041-2060) 1917.5 1790.0 20829 21985  1074.4 2242.0
RCP8.5 (2021-2040) 1765.3 1715.7 2068.3 2166.2 946.7 2187.3
RCP8.5(2041-2060) 1871.3 1799.8 2083.6 2207.3 1026.6 2242.1

*Highest amount of Water footprint

BWF: Blue Water footprint

GWEF: Green Water footprint
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Fig. 3- Changes in Blue Water footprint (BWF) and Green Water footprint (GWF) products in the studied
periods and for the climates studied
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Fig. 4- Percentage of changes in blue water footprint (BWF) and green water footprint (GWF) with changes
in temperature and precipitation
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Description A: Concepts of a moisture regime based on UNESCO classification
Powig g aalb bl 32 (Fagby o25) pedlie 1)l Cuwgy

Sl

SRy )

)3 3929 )l Sl (b a3 oS plate g o5 (S5l @

Vool Bl (s (Sw,b aYlo ol

Al<0.03 Sl b

g bl 5| adn A, lals

o b Vo em¥0 b yio Lo Aem)e e VLo Sl @

Voo 5 0e ol (SH)b 4Vl Olyuss @

Al=0.03-0.2

DJJSI).:{ ‘;QL.? u..u.oy dl)l.) (]
Al sas jgdie (oladl () ey @

o o ¥O=0++ b o Lo YooV o dline 5L L dblie o 4Vle Su)L @

)ZALAAV"—/\"

B e o Yoo mFoe oy il 3,4 L Lible 5 aVls Sl @

Al=0.2-0.5 S do

D7 BYD Suyb aVle clyuss @

YO/ j) eS8 (Su)b AVl el @
Jbey jyslis syl @

AI=0.5-0.75 e doed

Al=0.75-1
Al>1

cobye L

YRR 5l oF 0 lowd (23 35l Jlws ¢yl ! O @olio ol
Volume 16, No. 3, Fall 2020 (IR-WRR)



Description B: Concepts of winter type based on UNESCO classification
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Description C: Concepts of summer type based on UNESCO classification
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