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6- Intergovernmental Panel on Climate Change
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4- Atmosphere-Ocean General Circulation Model
5- Groundwater Modeling System
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Figure 2- Input and output discharge points Figure 1- Thelocation of White Plain case study and groundwater balancearea
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Figure 4- Groundwater contour map of Sefid-dashti aquifer in 2004- 2005
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1- Correlation Coefficient
2- Root Mean Square Error
3- Mean Absolute Error
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Table 1- HadCM3 model Performance to simulate temperature and precipitation of climate parameters
oddl gyl b P MAE  RMSE
uob Precipitation  0.82 0.28 0.41
L> Temperature  0.99 1.14 1.36
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Figure 5- 21-year average of basin and HadCM3 model observed monthly temperature
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Figure 6- The average of 21 years of basin andHadCM3 model observed monthly precipitation
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Table 2- Climate change scenarios for temperature (° C) for 21-year long-term average (A2, B1)

923l

Scenari Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Nov  Dec
0

1988-2008 -0.21 153 549 9.52 1387 2103 2485 2293 1738 1154 477 0.87
A2 2015-2035 0.18 192 6.22 1016 1493 2174 2542 2369 1826 1282 527 143
At 039 039 073 0.63 1.06 0.71 0.56 0.76 0.88 129 050 056
1988-2008 -021 153 549 952 1387 2103 2485 2293 1738 1154 477 0.87
B1 2015-2035 042 214 557 905 1431 2144 2538 24.02 17.73 1208 437 0.99

At 063 06 008 -047 044 041 053 109 035 054 -04 013
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Table 3- Climate change scenarios for precipitation (° C) for 21-year long-term average (A2, B1)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1988-2008 129 129 129 09 067 026 005 005 010 078 177 137

A2 2015-2035 148 1.20 1.57 1.14 0.59 0.26 0.07 0.06 0.13 0.79 1.76 1.61
Ap 115 093 122 121 088 097 142 104 138 101 100 118

1988-2008 129 129 129 09 067 026 005 005 010 078 177 137

B1 2015-2035 138 131 153 144 070 026 009 005 014 074 18 173
Ap 108 102 119 152 104 098 170 083 148 09 107 126
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2- Non- linear loss module

3- Linear unit hydrograph module
4- Catchment drying time constant
5- Temperature modulation factor
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Figure 7- How to simulate rainfall - runoff by linear and non-linear Module in IHACRES model

Table 4- The results of calibration and verification IHACRES model

Calibration _oxuwlg
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Verification suscous

|Bias|(mm.yr)10=, R?-0.71
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Figure 8- Observed and modeled runoff time series during the calibration period
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Figure 9- Observed and modeled runoff time series during the verification period
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Figure 11- Distribution of calibrated specific yield values in modeling area Figure 10- Hydraulic conductivity m/day
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Figure 12- Error Simulation in observed well during the unsteady calibration (2004-2005)
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Table 5- The results of Chi-square and t-test for observed and generated precipitation LARS-WG
ol o lio (g 0315 il 0 Wyl gy (1Sl

Average of observed data  Average of generated data

Month KS-test p-value t o903 p-value

Jan 0.036 1 45.69 49.72 -0.488  0.629
Feb 0.085 1 35.15 49.81 -1.676  0.101
Mar 0.094  0.9999 50.92 52.32 -0.154  0.878
Apr 0.077 1 30.91 27.26 0.502 0.618
May 0.098  0.9997 7.99 9.09 -0.363  0.719
Jun 0435 0.0173 111 241 -1.231 0.225
Jul 0.5 0.0038 0.68 0.41 0.825 0.414
Aug 0.5 0.0038 0.06 0.15 -1.467 0.15
Sep 0.388  0.0456 031 0.94 -1.494  0.143
Oct 0.097  0.9998 5.44 6.68 -0.383  0.703
Nov 0.082 1 24.47 33.21 -0.848  0.401
Dec 0.11 0.9981 52.1 59.38 -0.611  0.545

LARS-WG aud agi g 0uwd sadlivo J8lus slod 51 t (39057 9 sl — 55 yg03] gl =1 Jou
Table 6- The results of Chi-square and t-test for observed and generated minimum temperature LARS-WG
oo o lio (o 031> il ol wdgi (oL 231> (1Sl
Average of observed data  Average of generated data

Month  KS-test p-value t o903 p-value

Jan 0.106  0.9989 -8.14 -8.27 0.184 0.855
Feb 0.106  0.9989 -5.05 -5.33 0.569 0.573
Mar 0.053 1 -1.33 -1.13 -0.634 0.53
Apr 0.106  0.9989 3.33 3.08 0.938 0.354
May 0.106  0.9989 6.71 6.47 1.099 0.278
Jun 0.053 1 9.64 9.62 0.1 0.921
Jul 0.053 1 13.07 13.21 -0.622  0.537
Aug 0.105 0.9991 11.54 11.38 1.022 0.313
Sep 0.105  0.9991 7.46 7.56 -0.459  0.649
Oct 0.053 1 3.16 3.16 0 1

Nov 0.053 1 -0.75 -0.52 -0.772  0.445
Dec 0.105  0.9991 -4.54 -4.44 -0.148  0.883
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Table 7- The results of Chi-square and t-test for observed and generated maximumtemperature LARS-WG
ouwd badlivo (gl 231> Sl b Wi (gL 031D (Sl
Average of observed data  Average of generated data

Month KS-test p-value t o903 p-value

Jan 0.106  0.9989 3.45 3.45 -0.008  0.993
Feb 0.106  0.9989 6.51 6.33 0.405 0.687
Mar 0.105 0.9991 11.31 11.13 0.329 0.744
Apr 0.053 1 17.13 17.27 -0.337  0.738
May 0.053 1 22.79 23.07 -0.78 0.44
Jun 0.106  0.9989 28.84 28.66 0.687 0.496
Jul 0.105 0.9991 31.57 31.63 -0.183  0.855
Aug 0.106  0.9989 30.88 30.65 0.958 0.344
Sep 0.106  0.9989 27.16 27.13 0.1 0.92
Oct 0.053 1 20.9 20.7 0.736 0.466
Nov 0.053 1 13.33 13.32 0.022 0.982

Dec 0.106  0.9989 7.63 754 0.125 0.901
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Figure 13- Trend of 3-year moving average changes of precipitation in the baseline and future periods for emission scenarios
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Figure 14- Trend of 3-year moving average changes of temperature in the baseline and future periods for emission scenarios
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Figure 15- Annual cumulative recharge of Plain White plain under two emission scenarios A2 and B1
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Figure 16- A simulated water level in future period (a):in the beginning of the simulation period (2015) (b): at the end of the
simulation period (2035)



FYD sy of adss p aalll pudi I 3 gy

Sloolawl b pioren 113,85 oolatwl &ilje, IS5 4  LARSWG
S ilwand Jae B )5 g al ol Lo )5
Ao 9 €85 g0 s> Sllyy -5k jludae IHACRES
o o g oo il (sl 2ol 51 (26 (e il 48
WY A0 ol sladlo Slej 38l ) cusd ol Glgsul 35,506
Lod (1Kl (il 381 oaid L gulis wad oy YFIY =VF I
540 ¥V g 5 A2 g liw) Sa)bgasn) o>
£ ol 33 5 o Taled 5 009 (1403 Y5 3905 BL (gl
olizmen &by (YL CB)luas (S b (I3 Gyl wiss
s Gilp8l g2 b o 1y glsel Jolste 15 4 Sl ol
Ciloy U8 car Jpol suyaelin 11 simo o o] 4 (9399
A e e 3le oyl dox Sl plgl (i e
2 NP 3805 (ol @l Cunl ()95 9 Y 030 5 (guan
9 Silwosbieg) ladse (wimen 5 (couldl 505 lagy )l LB
s @byl 5 Cumles Jdod 3590 55,503 Gllg)= )k ilos

S5 4G g (SR>

S @lo 2 ouldl s S ooy o b 0)l3l &S pglailon

ol J10y55 52 () Conl I Lo )5S )5 (e g (o
by 9t B)luas I gyl 8505 &Sl 4 d2gi b ogas
Laglssel b pas cnl (38l 59y 2 5 0391 (o0 0] Jlaeial
gl 8 (o) p Eou Sl 0350 dalge > St L,
oalai ol b Luoly cpl 50 .01 Coodl Hluws iojlyy 381 1> il ynss
> ol e U e giloand 5 gildse P 4 £ 3,09, S
9 0dd (ot (1 099 5 Adlate g Sl e § 40 d (59,
Iy sy ds cudd pd Cublyyy Loy cpod b aS 235 0 asudie
O MBS )9S 3 4B)S g0 Clidod )3 &S 35 enlsd 425
13 A8 Sy K oalil Ll 3 (g3t ) el aalllo
G50 43 gyl 5l e o 00 il WSl ol 5 Lalisee sblie
ke e 9 (1 A2 5 BL ol (lagy b Mg ¢ ol

10-

11-
12-

13-

58 5 Jloo,len biwl ;0 codditw cody ade o Led 5 iy
i gl ol sl lidionny (sl 5 A 4oy ()b

&b
Barret L., Kurylyk Kerry T., and Mac Quarrie B. 2013. The uncertainty associated with estimating future
groundwater recharge: A summary of recent research and an example from a small unconfined aquifer in a northern
humid-continental climate. Journal of Hydrology,V olume 492, 7 June 2013, Pages 244-253.
Barret L., Kurylyk Kerry T., Mac Quarrie B., and Clifford Voss |. 2014. Climate change impacts on the
temperature and magnitude of groundwater discharge from shallow, unconfined aquifers. Water Resources
Research, Volume 50, Issue 4, pages 3253-3274.
Brouyere S., and Dassargues V. 2004. Spatially Distributed, Physically-Based Modelling for Simulating the Impact
of Climate Change on groundwater Reserves. Proceeding of British Hydrological Society, 9: 1-15.
Eckhardt K., and Ulbrich U. 2002. Potential impacts of climate change on groundwater recharge and streamflow in
a central European low mountain range. Journal of Hydrology 284, 244-252.
Goderniaux P. 2009. Largescale surface-subsurface hydrological model to assess climate change impacts on
groundwater reserves. Journa of Hydrology 373, 122—- 138.
Goderniaux P., Brouyére S., Blenkinsop S., Aidan Burton Hayley J., Fowler Philippe O., and Alain D. 2011.
Modeling climate change impacts on groundwater resources using transient stochastic climatic scenarios.Water
Resources Research  VVolume 47, W12516.
Harbough A.W., Banta E.R., Hill M.C., and McDonald M.G. 2000. MODFLOW -2000 the U.S. Geological survey
Modular Groundwater Model. User guideTo Modularization Concepts and Groundwater Flow Process.
Holman I.P., Rounsevell M.D.A., Harrison P.A., Nicholls R.J., Berry P.M., Auddley E., and Shackley S. 2005. A
regional, multi-sectoral and integrated assessment of the impacts of climate and socio-economic change in the UK:
Part | Methodology. Climate Change (in press).
Holman I.P. 2006. Climate change impacts on groundwater recharge-uncertainty, shortcomings, and the way
forward? , Hydrogeology Journal, 14.
IPCC 2007. Summary for Polocymarkers in Climate Change. Solomom S, Qin D, Manning M, Chen Z, Marquis
M, Averyt K.B, Tignor M, Miller H.L (eds). The Physical Science Basis, Contribution of Working Group | to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge.
Jackson C. R., Meister R., and Prudhomme C. 2010. Journal of Hydrology 399, 12-28.
Jakeman A.J., and Hornberger G.M 1993. How much complexity is warranted in a rainfall-runoff model? , Water
Resources Research, 29(8).
Jones P.D., and Hulme M. 1996. Calculating regional climatic time series for temperature and precipitation:



QD i —318,5 .Y oyl Fo ol (S g T agpas PV

14-

15-

16-

17-

18-

19-

20-

21-

22-

methods and illustrations. International journal of climatology 16: 361-377.

Jyrkama M.I., and Sykes J.F. 2007. The impact of climate change spatially varying groundwater recharge in the
grand river watershed (Ontario). Journal of Hydrology, 338: 237-250.

Mahab GHodss Consulting Engineering Company. TheWhite Plaingroundwaterstudies. (2008).

Massah AR., and Morid S. 2006. Evaluation of posterior distribution of uncertainty bands due to climate change on
probability distribution of runoff, using Baisian approach. In: Proceeding. Second National Conference on Water
Resources Management. Esfahan. Iran. 22-23 January, (in Persian)

Russell S., Crosbie Bridget R., Scanlon Freddie S., Mpelasoka Robert C., Reedy John B., Gates and Zhang L.
2013. Potential climate change effects on groundwater recharge in the High Plains Aquifer, USA. Water Resources
Research, vol49, 1-16, doi: 10.1002.wrcr. 20292.

Semenov M.A., and Barrow E.M. 2002. LARS-WG a stochastic weather generator for use in climate impact
studies (version3.0). User’s manual.

Semenov M.A., and Stratonovitch P. 2010. Use of multi-model ensembles from global climate models for
assessment of climate change impacts. http://www.int-res. com /articles /cr_oa / c041p001.pdf

ToufanTabrizi N. 2009. The effectof climate change onFresh groundwater resourcesin coastal areas (case study:
Dirkangan Plain, Iran). (in Persian with English abstract)

Toews M.W., and Allen D.M. 2009. Evaluating different GCMs for predicting spatial recharge in an irrigated arid
region. Journal of Hydrology, 374: 265-281.

Wilby R.L., and Harris 1. 2006. A frame work for assessing uncertainties in climate change impacts: low flow
scenarios for the River Thames, UK. Water Resources Research, vol 42, w02419, 10 pp.



Journal of Water and Soil (539U @l g pale) S g O 4y
Vol. 30, No. 2, May.-Jun. 2016, p. 416-431 A FIF_FTY . AFAB yi— 3105 Y ojlads Fe als

Effects of Climate Change on Groundwater Recharge
(Case Study: Sefid Dasht Plain)

S. Ansarit™- A. R. Massah Bavani®- A. Roozbahani®
Received: 19-11- 2014
Accepted: 06-09- 2015

Introduction: Nowadays, the issue of climate change and its related problems are fundamental crisis in
water resource management. On the other hand, considering that groundwater is the most important water
resources, determination of the effects of climate change on groundwater and estimation the amount of their
recharge will be necessary in the future.

Materials and Methods: In this research, to analyze the effects of climate change scenarios on groundwater
resources, a case study has been applied to the Sefid Dasht Plain located in Chahar Mahal and Bakhtiari Province
in Iran. One of the three Atmospheric-Ocean General Circulation Models (AOGCM) which is called HadCM3,
under the emission scenarios A2 and B1 is used to predict time series of climate variables of temperature and
precipitation in the future. In order to downscale the data for producing the regional climate scenarios, LARS-
WG model has been applied. Also, IHACRES model is calibrated and used for simulation of rainfall - runoff
with monthly temperature, precipitation and runoff data. The predicted runoff and precipitation production in
future have been considered as recharge parameters in the ground water model and the effects of climate change
scenarios on the ground water table has been studied. To simulate the aquifer, GMS software has been used.
GMS model is calibrated in both steady and unsteady state for one year available data and verification model has
been performed by using the calibration parameters for four years.

Results and Discussion: Results of T- test shows that LARS-WG model was able to simulate precipitation
and temperature selected station appropriately. Calibration of IHACRES model indicated the best performance
with ™w=6 ,f=7.7 and the results shows that IHACRES model simulated minimum amount of runoff

appropriately. Although it didn’t simulate the maximum amount of runoff accurately, but its performance and
Nash coefficient is acceptable. Results indicate that changes of monthly precipitation in the future period are less
than the base period in both scenarios A2 and B1. Precipitation increases about 26 and 33 percent under the
scenario B1 and A2 respectively in the future compared to the base period. The monthly average temperature in
the future compared to monthly average temperature in the base period has been increasing in both scenarios
about 1 degree. Root Mean Square Error criteria for aquifer simulation was 1.6 in steady state and 1.9 in
unsteady state. This result indicates that the aquifer has been accurately ssimulated. Assuming the same rate of
pumping wells in the future period and in the base period, despite the increasing of recharge in the future period,
water levels decrease notably in the central plains due to exceeding operation. At the end of the period (year
2035) the amount of cumulative groundwater recharges in the scenario A2 compared to scenario B1 increases
about 10 cubic meters per second, which shows that the impacts of climate change in the A2 scenario compared
to the B1 scenario is more.

Conclusion: Study the impact of climate change is important in our country because the major uses of water
supply of groundwater. Enormous use of this resource has been defected aquifer problematicaly. So, it is
necessary to survey impacts of climate change in future period on recharge and water levels aquifer by modeling
and simulation. It is useful to predict the future conditions of groundwater. Although the recharge increases in
future period, but with respect to high rate of groundwater use, it is impossible to achieve an equivalent level of
aquifer without any planning. We need to control on pumping well and treatment of aquifer such as underground
water dam, artificial recharge and etc. results of this research can be evaluated by other climatic scenarios,
downscaling models and rainfall-runoff models. The results of this research, considerably helps to assess the
effects of climate change scenarios on ground water resources as well asits proper planning and management.
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