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Introduction

The sustainable availability of water resources and the qualitative and quantitative status of these resources are
threatened by many natural and antropogenic factors, among which climate change plays an important role.
Climate change can have profound effects on the hydrological cycle through changes in the amount and intensity
of precipitation, evapotranspiration, soil moisture, and increasing temperature. On the other hand, the distribution
of rainfall in different parts of the world will be uneven. So that some parts of the world may face a significant
decrease in the amount and intensity of precipitation, as well as major changes in the timing of wet and dry seasons.
Therefore, sufficient knowledge about the effects of climate change on hydrological processes and water resources
will be of particular importance. In this research, as the first comprehensive study, the effect of future climate
change on the water resources components of Neyshabur-Rookh watershed was investigated by a set of one
hydrological model and six General Circulation Models under the RCP4.5 scenario.

Materials and Methods

The Neyshabur-Rookh watershed with an area of 9449 square kilometers is a sub-basin of Kavir-e Markazi-e
Iran and a part of the Kalshoor Neyshabur watershed, which is located between of 58 degrees and 13 minutes and
59 degrees and 30 minutes and east longitude and 35 degrees and 40 minutes and 36 degrees and 39 minutes north
latitude. The study area with an average altitude of 1549.6 m above sea level and average annual precipitation of
246.83 mm, a mean annual temperature of 13.3 Celsius has an arid to semi-arid climate. For hydrological
simulation of the watershed using WetSpass-M model, maps of Digital Elevation Model (DEM), land-use, soil
texture, slope, and distribution map of groundwater depth, Leaf Area Index (LAI), and climate data (rainfall, mean
temperature, potential evapotranspiration, wind speed and the number of rainy days) per month in 1991-2017
period were used. Then the prepared model was calibrated and validated. The climatic data of six General
Circulation Models (GCMs) under the RCP4.5 scenario (Representative Concentration Pathways) were
downscaled using the Quantile Mapping Bias-Corrected method. The downscaled GCM models were ranked and
weighted in each station according to results of the Leave one out cross validation method and utilized as an
ensemble for projecting the near-future climatic conditions of the water resources components of the watershed.
By importing the monthly maps of precipitation, average temperature and evapotranspiration in the period of 2026-
2052 into the calibrated hydrological model, the hydrological response of watershed to near future climate change
was determined and evaluated.
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Results and Discussion

WetSpass-M was calibrated by changing the calibration parameters in five hydrometric stations and the
compared measured and simulated streamflow. The values of four evaluation criteria NS, R2, MB, and RMSE
indicated the good performance of the model during the calibration and validation process. By predicting climatic
parameters in near future and preparing and importing maps of monthly precipitation, mean temperature, and
evapotranspiration to WetSpass-M, the hydrologic simulation of the watershed was done in the 2026-2052 period.
The results indicated that the mean annual temperature and precipitation would be respectively increased by 4.66%
and 1.21°C under RCP4.5 in the near-future period compared to the baseline period. The average temperature will
increase in all months so that the most changes will occur in September and the least changes will occur in March.
The rainfall of the watershed will increase in March, April, May, October, and December and will decrease in the
rest of the months. The highest and lowest rainfall changes will happen in April and August, respectively. The
analysis of the components of water resources in the near future shows that annual total runoff, groundwater
recharge, and actual evapotranspiration will increase by 5.9%, 14.85%, and 1.42% compared to the base period,
and annual direct runoff and interception will decrease by 15.15% and 3.54%, respectively.

Conclusion

Considering the importance and major role of the Neyshabur watershed in the economy of agricultural products
of Razavi Khorasan province, the results of this research will be of great help to the managers and policymakers
of the country's water resources management in order to make appropriate decisions with the aim of reducing the
effects of climate change on the water resources of the Neyshabur-Rookh Basin.
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ce.html)
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Figure 2- Land use map of the studied area

(Flato et al., 2013; Chapter 9 of IPCC) i y5 &id, 4l 4 CMIP5 g IS 433,5 sl Glasuive -Y Joi>
Table 1- Characteristics of CMIP5 atmospheric General Circulation Models used in the research (Flato et al. 2013; Chapter 9

of IPCC)
J» A §0 3 a5 (4?)3) ‘:;lso -1
Model Institution Country Grid resolution
(degree)
) OlidSS1 o o
HadGEM2-ES UK Met Office Hadley Centre . A 1.875°x1.25
United Kingdom
CanESM2 Canadian Center for Climate Modelling and Analysis wad 2.8125°x2.7906°
anada
MPI-ESM-LR Max Planck Institute for Meteorology ol 1.875°x1.8653°
Germany
MIROC-ESM- University of Tokyo, National Institute for Environmental Studies, ol 2 8125°x2 8125°
CHEM and Japan Agency for Marine-Earth Science and Technology Japan ’ ’
BCC-CSM1.1 Beijing Climate Center, China Meteorological Administration C‘;‘} 2.8125°x2.7906°
ina
GISS-E2-R NASA Goddard Institute for Space Studies USA el 2°%x2.5°

United States of America
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Figure 3- The scheme of leave one out cross validation
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4- One Parameter Filter Digital
5- Recursive Digital Filter
6- Base Flow Index (BFI)
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Table 2- Characteristics of selected hydrometric stations along with suitable method for baseflow separation in each station
Shogyid ol o ol (os bl Job (k) gl al gl S8 cawlio (g,

Name of hydrometric station Latitude Longitude Elevation(meters)  Suitable method for baseflow separation
gl e ) 35°-27°-50" 58°-42°-43" 1563 (8=0.975) (a5l Jemed 528
Eriyeh Chaharbagh Recursive Digital Filter
besls 36°-55"-37" 59°-17-11" 1861 (320.95) ozl o Jhoms o
Dizbad Olya One Parameter Filter Digital
U e 36°-19'-23" 58°-51"-28" 1462 (a=0975) ozl S Jlims 2
Eyshabad One Parameter Filter Digital
Ese7e 9> 36°-93-98" 59°-24°-98" 1452 (a=0975) ozl S Jlims s
Kharv Majmo One Parameter Filter Digital
lulesy; 36°-28"-42" 58°-29-46" 1402 (6=0.975) (iS5l J> 78
Zarandeh Andarab Recursive Digital Filter

WetSpass-M Jao (Sewnly sl ol b diags 130 g jloeo dald -Y Joua
Table 3- The allowed range and optimal values of calibration parameters of WetSpass-M model
syl Wt ylo 3o dial>
Parameter  Optimal value  Allowed range

A 0.3 0.3-6.5
A 4 0.3-6.5
LP 1.22 0.4-5.5
X 0.635 0-1
B 0.47 0-1

Sale JS Uy (55l dped 53 Juto 3,500 (25,1 (5)lof (Slapas L prolie -F Jgua
Table 4- The values of statistical indicators for evaluating the performance of the model in simulation of monthly total runoff
& 709 b oluns] 0l ik s R MB  RMSE
Name of hydrometric station  Time period

EL g @)l

Eriyeh Chaharbagh
Llesl

Dizbad Olya

ol ko 5
Zarandeh Andarab

1991-2010 055 059 0.15 0.55
1992-2001 050 0.60 0.036 0.14
1991-1996 050 059 05 0.48

Ul e 1993-2004 054 063 -009 09
Eyshabad

Egoomo 95>
Kharv Majmo

1992-2003 051 0.63 0.45 0.50

OBy (i Slilne gy )l gy @y g W 28
2 Je cdy Sl slaylire polie a5 a8 )3 LS 4y ds
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Gl odib o3y L ¥ Joda
ely Jao Cool piY o (orily Jao 4 Glebl coa
sl a5 bl Il ply 005 B i liel )60 00
1y addlas 3,90 adlate a9 5 (n i awg Ele 4l 5 pegden
Che by 5l cwlio lodsles flgie 4 1 aad o i b
RENS 55l sl pasls ke b ol i lzel 2L5))
1D IF¥ i 4 e miaslsiel 0,93 ,5 RMSE 4 MB
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Figure 4- Comparison between the observed and simulated total streamflow in Eriyeh Chaharbagh station in the calibration
(1991-2010) and validation (2014-2017) periods along with the average of monthly rainfall in the basin
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Table 5- The weight of General Circulation Models for the variables of precipitation and average temperature in Neyshabur
synoptic station

Jae o9k @1y dxe 09 L3 buwgie (512 J (039
Model Weight for Precipitation Weight for Average Temperature

HadGEM2-ES 0.33 0.28
MPI-ESM-LR 0.27 0.12
GISS-E2-R 0.20 0.18
MIROC-ESM-CHEM 0.11 0.06
BCC-CSM1.1 0.07 0.28
CanESM2 0.02 0.08
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Figure 5- (a) The Comparison of changes in the average of monthly rainfall distribution of the basin in the baseline and the

near future period and (b) The Comparison of average monthly changes in mean temperature of the basin in the baseline and
the near future period
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Figure 7- The Comparison of changes in monthly average of total runoff of the basin in the baseline and the near future
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Figure 6- The annual average values of the most important components of the hydrologic balance of the basin in the baseline
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Figure 8- The Comparison of changes in monthly average of actual evapotranspiration of the basin in the baseline and the
near future periods
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