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Abstract

The aim of this study was to investigate the Intensity of the
effect of climate change on groundwater resources in Varamin
plain using CMIP5 group models under RCP release scenarios.
The output of these models was downscaled by LARS-WG
software. For this purpose, the period 1989-2005 was used as
a base period to select the regional model and the period 2021-
2050 to study the NISTOR index in the future. The results
showed that the EC-EARTH model of CMIP5 series under
three scenarios RCP2.6, RCP4.5 and RCP8.5 for the next
period has a high performance in simulating temperature and
precipitation in the study area. On average, for the average
temperature in the study area, under the optimistic and
intermediate scenarios of RCP2.6 and RCP4.5, respectively, an
increase of 1 to 1.2° C was predicted compared to the base
period. For the most pessimistic scenario, RCP8.5, in the
period 2050-2020, an average increase of about 1.5 degrees
Celsius was predicted compared to the base period. Also in
future periods, an increase in precipitation was observed in the
early months of the year to late spring and a decrease in
precipitation in autumn. Overall and over the next 30 years, the
RCP4.5 scenario showed slightly more annual precipitation
increase over the base period compared to the other two
scenarios. Also, considering the effective rainfall, the results
of the NISTOR inferential matrix showed that in all three
scenarios, the intensity of climate change effects on the
groundwater resources of Varamin plain in the next three
decades is significant.
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Fig. 1- Geographical location of the study area (Varamin plain)
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Table 1- Varamin Synoptic Station Information
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Fig. 2- Process of determining the severity of the climate change effect on groundwater resources
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Table 2- Characteristics of representative scenarios for greenhouse gas concentrations (RCPs)
(RCPs) 1S’ o185 Clilé yuw bohad ouiglod (g gs yluw lasuive - Jou
Scenarios CO2 ppm Forcing Radative (W/m?) Researchers
RCP2.6 490 ppm before 2100 and then Its maximum value is 3 (W / m2) and IMAGES%ZEEAZE Team,
' decreases then decreases
RCP 45 650 ppm before 2100 and then 4.5 (W/m?) will remain constant after GCAM (MiniCAM)
' remains constant 2100
RCP 6.0 850 ppm before 2100 and then 6.5 (W/m?) and remains constant after AIM Modeling Team, Japan
’ remains constant 2100
RCP 85 490 ppm before 2100 and then More than 8.5 (W/m?) in 2100 MESSAGE Modeling Team,

decreases

Austria

Table 3- Specifications of 10 selected models from CMIP5-ARS5 collection in the present study (IPCC, 2013)
ol 348535 > CMIP5-ARS ds gosre 3l cdein Jio ) ¢ Oladuino -Y Joa

No. Model Institution Spatial Resolustion
1 EC-EARTH EC-EARTH consortium published at Irish Centre for High End 1.28*2.5
Computing, Netherlands/Ireland
2 CCSM4 National Center for Atmospheric Research, USA 1.25*%0.9
*
2 gigt.ézmzzl\é‘ Geophysical Fluid Dynamics Laboratory, USA 2:5%2.0
5 GFDL-CM
6 CAN ESM2 Canadian Centre for Climate Modelling and Analysis, Canada 2.81*2.79
7 MIROCS5 Atmosphere and Ocean Research Institute (The University of Tokyo), 1.41*1.39
National Institute for Environmental Studies, and Japan Agency for
Marine-Earth Science and Technology, Japan
8 HADGEM?2 Met Office Hadley Centre, UK 1.875*1.25
9 BCC-CSM1.1 Beijing Climate Center, China 2.81*2.77
10 GISS-E2-H NASA/GISS (Goddard Institute for Space Studies), USA 2*2.5
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Table 4- Climatic classification of the DAI
(De Martone, 1926)

ole =6 (Suid adls el andil Y Joun
(De Martone, 1926)

Climatic type  Rainfall (mm) DAI
Extremely humid > 800 >55
Very humid 700 <P <800 35<DAI<S55
Humid 600 <P <700 28<DAI<35
Semi-humid 500 <P <600 24<DAI<28
Mediterranean 400 < P <500 20 < DAI< 24
Semi-arid 200<P <400 10<DAI<?20
Arid <200 <10
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:(Gerrits et al., 2009; Nistor and Porumb-Ghiurco, 2015)
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Effective precipitation (mm)
0-100 101 - 200 201 - 400 401 - 600 > 600
Effect High Medium Low
Climate type De Martonne Index
Extremely humid > 55 _ Medium Low Low
Very humid [ 35 <IDM <55 Low High Medum Low Low
Humid 28 <IDM <35 Medium High High Medium Low Low
Semi-humid | 24 < IDM <28 Hi Hi High Medium Low
Mediterranean | 20 < IDM <24 & High High Medium

_High

Climate change effect
| Medum | Low

Fig. 3- The matrix assessing the intensity of climate change effects on groundwater resources on a spatial and
temporal scale (Nistor and Mindrescu, 2019)
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Table 5- Results of statistical indices for comparing observational and simulated climatic variables in the
base period (1989-2005)

YAAR-Y ¢+ 0 asly 2,9 ;3 o (5 jlwenmd 5 (Fldliio  conldl (L puio dunlio g1y (5 bl S sl gl -0 Jgua

Rainfall Temperature
Model Bias (mm) RMSE(mm) (%)p R? (%) Bias (0C) RMSE (°C) (%) p R? (%)
EC-EARTH 8.3 10.8 84 72 -7.8 7.8 99 99
CAN ESM2 -2.5 6.7 72 53 -5 7.8 83 70
CCSM4 15.7 19 7 59 -5.4 7.5 86 73
GFDL-CM -9.4 10.5 88 62 31.3 36.7 79 77
GFDL-ESM2G 20.3 239 74 55 -4.6 6.9 99 72
GFDL-ESM2M 16 19.3 75 56 -4.6 6.9 85 72
MIROC5 37 43.6 79 61 -3.3 5.7 88 77
HADGEM2 13.8 16.9 54 30 -6.5 9.1 77 59
BCC-CSM1.1 18.5 13.7 60 36 -60.08 7.9 85 73
GISS-E2-H 20.09 21.4 68 46 -5.4 6.2 99 99
35 s EC-EARTH — CanESM2 CCSM4 w GFDL-CM3 s GFDL-ESM2G GFDL-ESM2M
30 — MIROCS — HADGEM2 w— BBC-CSM1.1 — GISS-E2-H ——Observe
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Fig. 4- Comparison of average monthly observational temperature and different CMIP5-AR5 models in the
base period of 1989-2005
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Fig. 5- Comparison of average monthly observational rainfall and different CMIP5-AR5 models in the base
period of 1989-2005
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Table 6- Kolmogorov—-Smirnov test results for probabilistic distribution of daily rainfall, min daily
temperature, max daily temperature and daily radiation in LARS-WG model of VVaramin synoptic station

ool 9 Sty g 0] LARS-WG Jao 3 diljg, (yials

Month Daily radiation Max. daily Min. daily Daily rainfall
temperature temperature

P-value KS P-value KS P-value KS P-value KS
January 1 0.044 0.91 0.158 0.99 0.106 1 0.03
February 1 0.087 0.91 0.158 0.91 0.158 1 0.03
March 1 0.044 0.99 0.053 0.91 0.158 1 0.03
April 1 0.087 0.99 0.106 0.99 0.158 1 0.03
May 0.9 0.131 0.99 0.106 0.99 0.106 1 0.03
June 0.9 0.131 0.91 0.211 0.91 0.158 1 0.06
July 1 0.087 0.99 0.106 0.99 0.158 0.0004 0.58
August 1 0.044 0.63 0.158 0.91 0.158 0.01 0.44
September 1 0.044 0.99 0.105 0.91 0.158 0.1 0.34
October 1 0.044 0.99 0.106 0.91 0.158 1 0.04
November 1 0.087 0.99 0.106 0.91 0.105 1 0.03
December 0.8 0.174 1 0.053 0.91 0.158 1 0.03
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Fig. 6- Comparison of simulated and observational data daily rainfall, min daily temperature, max daily
temperature and daily radiation in Varamin synoptic station in the base period of 1989-2005
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Table 7- T-test results for monthly rainfall, min monthly temperature, max monthly temperature and
monthly radiation in LARS-WG model of Varamin synoptic station in the base period of 1989-2005

Jo 5 dilbale il g ailble pS1as slod caibdlo J8lus lod cailale (i, (gl T-test oygo3l @l -V Joia
YAAR-Y+ + D 4l 2,93 > (yaol yg Sk i 8Ky ] LARS-WG

Month Monthly radiation Max.Monthly Min.Monthly Monthly rainfall
temperature temperature
P-value T-test P-value T-test P-value T-test P-value T-test
January 0.079 -1.769 0.26 1.132 0.356 0.926 0.925 -0.094
February 0.601 0.524 0.022 2.314 0.272 1.104 0.85 0.189
March 0.711 -0.371 0.91 -0.113 0.609 -0.513 0.633 -0.479
April 0.983 0.022 0.958 0.053 0.452 -0.755 0.504 -0.671
May 0.433 -0.787 0.54 -0.614 0.624 -0.492 0.506 -0.666
June 0.3 1.041 0.012 2.55 0.219 1.235 0.717 -0.363
July 0.7 0.387 0.138 1.492 0.952 0.06 0.687 0.404
August 0.005 2.837 0.041 2.06 0.003 3.06 0.504 0.67
September 0.631 0.482 0.33 -0.977 0.809 -0.242 0.131 -1.521
October 0.096 -1.679 0.179 1.351 0.114 1.591 0.636 - 475
November 0.106 -1.626 0.626 -0.488 0.037 -2.11 0.82 -0.228
December 0.61 -0.51 0.8348 -0.942 0.028 -2.226 0.575 0.562
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Fig. 7- Comparison of simulated monthly average maximum temperature (a), minimum temperature (b),
and average temperature (c) using ECEARTH model under RCP8.5, RCP4.5 and RCP2.6 release scenarios
2005 at the Varamin Synoptic Station-in 2021-2050 period compared to base period 1989
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Fig. 8- Comparison of the average annual simulated temperature using the ECEARTH model under the
emission scenarios of RCP8.5, RCP4.5, and RCP2.6 in the period 2021-2050 compared to the period of 1989 -
2005 in the studied station
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Fig. 9- Comparison of the average monthly cumulative simulated rainfall using the ECEARTH model under
the emission scenarios of RCP8.5, RCP4.5, and RCP2.6 in the period 2021-2050 compared to the base period
of 1989-2005 in the studied station
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Fig. 10- Comparison of the average annual simulated rainfall using the ECEARTH model under the

emission scenarios of RCP8.5, RCP4.5, and RCP2.6

in the period 2021-2050 compared to the base period of

1989-2005 in the studied station
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Fig. 11- Comparison of the average annual simulated effective rainfall using the ECEARTH model under the

emission scenarios of RCP8.5, RCP4.5, and RCP2.6

in the period 2021-2050 compared to the base period of

1989-2005 in the studied station
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Fig. 12- Comparison of the average annual simulated actual ET using the ECEARTH model under the
emission scenarios of RCP8.5, RCP4.5, and RCP2.6 in the period 2021-2050 compared to the base period of
1989-2005 in the studied station
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Fig. 8- Assessment the intensity of climate change effects on groundwater resources of varamin plain under
different climate diffusion scenarios with NISTOR method

NISTOR 039)

Scenarios Average DAI Average effective Impact rate
(CMIP5) index rainfall (mm) (NISTOR method)

RCP 2.6 4.70 105.50 Very high
(2021-2030)

RCP 2.6 417 89.03 Very high
(2031-2040)

RCP 2.6 461 100.39 Very high
(2041-2050)

RCP 4.5 4.83 110.32 Very high
(2021-2030)

RCP 4.5 4.22 92.63 Very high
(2031-2040)

RCP 4.5 4.66 103.60 Very high
(2041-2050)

RCP 8.5 4.68 107.99 Very high
(2021-2030)

RCP 8.5 4.26 94.4 Very high
(2031-2040)

RCP 8.5 4.60 103.20 Very high

(2041-2050)
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1- Intergovernmental Panel on Climate Change
2- Atmosphere-Ocean General Circulation Model
3- Coefficient of Determination

4- Root Mean Square Error

5- Bias Indicator

6- Kolmogorov—-Smirnov Test
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