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Figure 1. Geographical location of study area and spatial distribution of meteorological and hydrometric stations.
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Table 1. The Characteristic of the studied stations.
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Table 2. The characteristics of GCM Models used in the research.
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Table 3. The results of sensitivity analysis of input parameters of SWAT model.
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P-value t-stat
Parameter Parameter acronym in the model
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Base water a
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Delay time transfer of water from the last soil profile to the
groundwater level (day)
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(mmH,0/C-day) o555 Y\ 55 <y s Ol J3la>
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0026 236 e JE et r SOL_AWC(1).s0l
Available water capacity
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Hydraulic conductivity of soil (mm/hr)
P als sy Kile s
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(mm/hr) Lol €ls gy s JFse Syoda Colia
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Manning coefficient for surface flow
S s >
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Soil evaporation coefficient
(o) Jsb o s
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Average length (Slope)
(s 2 53) G 2Ll o ! Loy la g2
0 5.33 SRt ek ol v__SFTMP.bsn
Average snow temperature (Celsius)
sk 0L | e 3 Olo
402 5.86 w2 OWE SR SSes 00 v_ MSK_CO1.bsn
Storage time for normal flow
oL | e 3 Ol
03 155 0¥ Sl Sl il ol v_ MSK_CO2.bsn
Storage time for low flow
LS Jole o3 ol » bl a 5
0.29 1.04 JE Sl o sl sl @ 2 v_ ALPHA BNK.rte
Coefficient o of base water for coastal channel storage
( > ) B en e 3¢l
0.54 0.95 e S SRy e S v__ SMTMP.bsn
Snow melting temperature (degrees Celsius)
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Maximum melting point on June 21 (mmH,O/ C-day)

b s S JEs
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Soil density in wet condition
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Curve number under moisture conditions
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Table 4. The final selected parameters in the calibration step with the order of sensitivity.
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Optimal fit value Minimum Maximum Parameter acronym in the model
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0.38 -0.01 0.48 r_ SOL K(1).sol
0.41 0.26 0.34 v__ CH_N2.rte
132.06 89.61 140.43 v__ CH_K2.rte
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Figure 3. The results of SWAT model for runoff simulation in calibration and verification period.
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Table 5. The evaluation of SWAT model for simulation of flow of Gelevard dam.
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Table 6. Calculation statistics of LARS-WG6 model for precipitation variable between observed and simulated

data for different stations.
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Figure 5. Comparison of monthly average discharge under RCP4.5, RCP8.5 scenarios and base period.
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Figure 7. Evaluation of monthly Variations in precipitation and discharge (2010-1984), simulated discharge,
precipitation and discharge under RCP4.5 scenario (period 2041-2021) using standard index (Z).
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Table 7. Percentage of monthly mean changes in temperature and precipitation under RCP4.5, RCP8.5

scenarios related to base period.

L RCP4.5 RCP8.5
Month Tmin (°C) Tmax (°C) P (mm) Tmin (°C) Tmax (°C) P (mm)
Jan 1.4231 1.3816 0.6012 2.2967 2.4403 0.5527
Feb 1.4153 1.3719 0.5983 2.2898 2.4322 0.5488
Mar 1.4034 1.3562 0.6034 2.2796 2.4188 0.5535
Apr 1.4062 1.3574 0.5976 2.2823 2.4202 0.5503
May 1.4089 1.3559 0.5962 2.2841 2.4170 0.5492
Jun 1.4099 1.3515 0.5945 2.2855 2.4134 0.5473
Jul 1.4118 1.3464 0.5983 2.2888 2.4101 0.5506
Aug 1.4527 1.4253 0.5976 2.3305 2.4897 -0.0100
Sep 1.4466 1.4108 0.5997 2.3237 2.4745 -0.0600
Oct 1.4385 1.3983 0.6056 2.3157 2.4609 0.5586
Nov 1.4325 1.3884 0.5963 2.3100 2.4497 0.5486
Dec 1.4286 1.3861 0.5769 2.3044 2.4456 0.5280
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Table 8. The results of Mann-Kendall (Z) and Sen estimator (B) for maximum and minimum temperature,
precipitation and discharge in the base period and RCP4.5 and RCP8.5 scenarios for 2000-2018.
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Abstract

Background and Objectives: In recent years, hydrological models such as the SWAT model
have been widely used by managers and hydrologists as a tool to identify natural and human
activities affecting the basin hydrological system and their management and planning. As the
eastern plains of Mazandaran is the only forbidden groundwater harvesting area in the north of
the country, thus, with accurate prediction of inflow to the Gelevard dam for future periods, can
provide accurate planning for downstream water supplies and manage demand for water and
agricultural development. Therefore, the purpose of this study was to investigate the effect of
climate change on the fluctuations of the flow discharge of Gelevard Dam in the east of
Mazandaran province.

Materials and Methods: In this study, HaddGEM?2 and EC-Earth models were used to produce
the minimum and maximum temperature and precipitation data for the period of 2021-4040
using a combination of Berma station data and global data at the Gelevard Dam. The
LARS-WG6 model was used to fine-tune this data. Also, the Mann-Kendall and Sen Gradient
tests were used to study the trend of climate parameters. Then, the data were entered to the
SWAT model which was calibrated using local data and information (from 1984 to 2010 for
calibration and 2011 to 2014 for validation) and the runoff changes were evaluated.
The accuracy of the SWAT model in simulation of the output current was evaluated using
evaluation indexes.

Results: The results showed that the climate change had negative effects on the climate of the
Gelevard dam area which increased the minimum and maximum temperatures by 1.40 and
2.40 °C, respectively. The SWAT model appropriately simulated the time of peak discharge and
the peak discharge values so that it corresponds to the time of high rainfall event. Comparison
of the effects of precipitation and the minimum and maximum temperatures on the outflow
indicates that the effects of temperature are more than the precipitation, so that in the basic
period, the minimum temperature is equal to 1.41 and the maximum temperature is 2.34. Also,
the changes of monthly mean discharges in RCP4.5 (-0.01) and RCP8.5 (-0.11) scenarios are
lower than the observed discharges (-0.16) and the output discharge is reduced in the hot months
of the year. By investigating the percentage of difference between maximum and minimum
temperature and rainfall under RCP4.5 and RCPS8.5 scenarios compared to the base period
found that increasing of temperature caused more reduction in outflow rate in the future period.
So that the effect of climate change on rainfall-runoff process reduced the water resources of
Gelevard dam by 13%. The results of sensitivity analysis showed that soil evaporation
coefficient, average length (slope), mean air temperature for snowfall (degree Celsius) and
curve number in moisture conditions had the most effect on the output discharge.
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Conclusion: The results, irrespective of the changes in each component, indicate the importance
of the temporal pattern of changes throughout the year which has an important role in the water
resources management of the basin. The results of the present study, emphasize the importance
of potential effects of climate change at basin hydrology status, highlights the climate change
and implications in the management of water resources in the Gelevard Dam.

Keywords: Climate change, LARS-WG6, Mazandaran Gelevard Dam, Sensitivity analysis,
SWAT, Water resources
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