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Figure 1. Geographical location of the Arazkouse watershed in Golestan province and Iran country with
hydrographic network and evaporation and rain gauge stations used in the study.

0 o8 e S3L glyls adlete 5y can S5
sl i (S as bl 4 l(Y K8
ojsm hugie ol 5 lasie flE ) LIS an S5
Y45 e VO Ll e ansSSll e

(¥ JS8) el ds s

¥4

i')Ji’&.'bUf- ol el b o 5 A

(Y JS) e e JSK35 (A5 T S (hays
Spd b o S 5 ees oS PIROERy
kS W5 (A3 1T/A) w0 kS VA
Ois 1 asSOUl sl esm 5l (s AAT)

ool oy Sl wis plas s e



YRR (1) a,kos (YY) s S 5 f Cbilin gla gy s puis

36°50°0"N 37°0'0"N 37°10'0"N 37°2000"N

36°40'0"N

S5°00"E  SS100"E  SS200"E  SS°300"E  S5°400E  SS°S00"E S —— — ST S—
N & z
¢ & N £
A Eog A .
E
Z
E ¢ £
z
z Y z
P fs
z
: z
Landuse 21! s z ? ;
[ ] Barren Lands 1, f; & 2
[ | Dry Farming s ) % z
B Forest Lands & L s g
Irrigated Farming o' <105 g 2
Oftherd & L 7|Soiltype Slx b Z
Range Lands & : [ silty clay loam (o~ (o8 e
esidential Area g 35t Sl 024 8 1216 3 [ silty sandy loam 22 P
aterLands o GV < — e km 2 {D Silty loam “}-_:1 :‘_1’_],“-‘—' “_'::2:"
S5°0'0"E SSP100E  SS200"E SS300°E  55°40'0"E  SS°S0'0E S5*S0E 55°15'0"E $5725'0"E SSRSOE S5MS'OE
s3I0l 3 53 S il 5 (Bl S gl ST Y IS
Figure 2. Land use and soil types of the Arazkouse Watershed.
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Figure 3. Slope classes map of the Arazkouse watershed.
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Table 1. Acceptable and optimal values of model calibration parameters in each sub-model of WetSpass model.
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Table 2. Values of evaluation criteria for calibration and validation period for hydrograph components at

Arazkouse hydrometer station.
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Figure 6. Hydrograph of total observed and simulated discharge at Arazkouse hydrometer station during
calibration and validation period.
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the Arazkouse hydrometric station during calibration and validation period.
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Figure 8. Hydrograph of simulated baseflow and separated baseflow the measured from total flow at the
Arazkouse hydrometric station during calibration and validation period.
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Figure 9. Simulated water balance components by the WetSpass model in the Arazkouse watershed.
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Figure 10. Correlation graph between runoff and simulated recharge with monthly rainfall in arazkouse watershed.
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Figure 11. Spatial distribution map of recharge and runoff values in February 2012.
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Figure 12. Monthly averages of evapotranspiration, runoff and groundwater recharge in different types
of land use and slope classes in February (winter) and April (spring) of the Arazkouse watershed in

2001-2015 years.
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Figure 13. Monthly averages of evapotranspiration, runoff and groundwater recharge in land use and slope
classes in August (summer) and November (autumn) of the Arazkouse watershed in 2001-2015 years.
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Abstract

Background and Objectives: Groundwater recharge is one of the most important factors in
sustainable development and management of groundwater resources. Obviously, other
hydrological, social and economic factors should also be considered. Estimation of recharge is a
complex and challenging process. This is due to the fact that recharge is dependent on variables
such as land use, topography, soil, climatic conditions, as well as other hydrological factors.
In this research, the monthly water balance components were estimated using the distributed
WetSpass model.

Materials and Methods: In this research, water balance components including
evapotranspiration, interception, runoff, and groundwater recharge for the Arazkouse Watershed
during the years 2001-2015 on a monthly basis at spatial resolution of 100x100 m were
simulated using the WetSpass model and rainfall, temperature, evaporation, wind velocity,
groundwater depth data and soil texture, topography and land use maps of the area.

Results: The findings in this research are based on evaluation criteria used in calibration and
validation periods of flow hydrograph components including direct runoff, base flow, and total
flow simulated by WetSpass model and hydrographs separated by WHAT software. The
WetSpass model had a relatively satisfactory performance for simulating groundwater recharge
and other hydrologic components of the Arazakouse watershed. It should be noted that the
Nash-Sutcliffe coefficient values for the calibration and validation periods as standard criteria of
evaluation in the hydrological simulations for direct runoff are 0.6 and 0.51, respectively. In
addition, considering the base flow, the Nash-Sutcliffe criteria for the calibration and validation
periods were 0.55 and 0.50, respectively. The values for total runoff for calibration and
validation periods were 0.63 and 0.53, respectively. After investigating the efficiency of the
model, the temporal-spatial distribution of water balance components for different land use
types and slope classes was investigated. The analysis shows that the variability of the
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hydrologic components is significantly affected by climate and its seasonal changes, and also by
characteristics of physiography, vegetation and land use. The annual volume of recharge and
runoff in the forest areas are 23115791m® and 1776217m® respectively. The highest proportion
of groundwater recharge in forest lands belongs to slopes above 0-10%. The highest proportion
of runoff in this land use belongs to slopes above 30%. The highest volume of annual runoff in
the Arazkouse watershed is in the residential areas in medium and high slopes with 156300m”.

Conclusion: According to the research, it can be stated that the amount of water balance
components, especially the amount of recharge as an important factor in the investigation of
surface and groundwater interaction are influenced by climatic, physiographic and land use/land
cover factors. Therefore proper estimation of water balance components can play an important
role in sustainable management and development of surface and groundwater resources.

Keywords: Base flow, Direct runoff, Spatially distributed groundwater recharge
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