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Abstract
This study investigates how land use and climate changes affect water yield ecosystem service (ES) in the Sirvan River basin, 
located in Iran’s Kurdistan and Kermanshah provinces. By detecting land-use and climatic parameter changes in the past, 
their future evolution were modeled by scenario making. For this purpose, we developed two land-use scenarios (low and 
high urbanization) and two climatic scenarios (Representative Concentration Pathway 2.6 and RCP 8.5). The implemented 
scenarios showed how the amount of water yield in the basin and sub-basins changes in the future based on climate and 
land-use changes. The results showed that, concerning land use, the forest has decreased from 2013 to 2019, and built-up 
areas have increased. Also, the results showed that precipitation has been declining in the long term, and the temperature 
has been rising. Finally, the Water yield in 2019 was higher than in 2013 and lower in the future based on forecast scenarios. 
This trend will continue until 2040. In addition, it was found that the t effects of these factors on water yield ES are a com-
plex process, and based on the results, the impact of climatic factors is more significant than the one of land-use change. We 
could conclude that this region will face more environmental problems in the future.
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Abbreviations
ES	� Ecosystem services
LU/LC	� Land use land cover
InVEST	� Integrated valuation of ecosystem services and 

trade-offs
RCP	� Representative concentration pathway
IPCC	� Intergovernmental panel on climate change
GCMs	� General circulation models
CIMP5	� Coupled model intercomparison project phase 5
ENVI	� Environment for visualizing images
LUMC	� Low urbanization and moderate climate
LUSC	� Low urbanization and severe climate
HUMC	� High urbanization and moderate climate
HUSC	� High urbanization and severe climate

Introduction

Over the last decade, the ecosystem service (ES) approach 
was in the spotlight because it presents significant advan-
tages for enhancing environmental planning and decision-
making processes (Rozas-Vásquez et al. 2019). Integrating 
ES concepts into decision-making is possible if aspects such 
as common understanding of ES among the stakeholders, 
information availability, and official guidelines are consid-
ered (Atumane and Cabral. 2021). The integration of ES 
into planning has mainly been debated at a theoretical level 
(Hansen and Pauleit 2014), while there is less evidence on 
the efforts proposing the integration of ES into decisions 
about land use (Ashnani et al. 2018). The number of ES 
assessments has increased in the last decade, as shown by 
recent studies at supranational (Maes et al. 2020), national 
(Mugiraneza et al. 2019) and regional levels (Nikodinoska 
et  al. 2018). Still, there are difficulties in defining and 
operationalizing ES within planning due to, among other 
things, rigid regulatory frameworks and inadequate tools (Di 
Marino et al. 2019).

Many factors influence ES, most importantly, land use 
(Lang et al. 2017) and climate change. Land use patterns 
can directly change ecosystem types, landscape patterns, and 
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ecological processes, thus affecting ES, such as biodiversity, 
river basin, and water yield (Lang et al. 2017). The rapid 
change in land use, associate with growing climate change, 
has dramatically influenced ecosystem structure and ser-
vices (Lang et al. 2017). LULC changes can alter hydrologic 
cycles, shifting patterns of evapotranspiration, infiltration 
and water retention, and changing the timing and volume of 
available water (World Commission on Dams 2000). Recent 
researches have shown that human-made changes in land 
use and land cover such as deforestation, cultivated land 
expansion, and urbanization have irreversible impacts on 
ES (Bounoua et al. 2018; Li et al. 2019; Aliani et al. 2019).

Several studies have already revealed that human activi-
ties can cause changes in the hydrological response of catch-
ments (Rather et al. 2020; Tahiru et al. 2020). As well as cli-
mate change/variability can affect precipitation, runoff, and 
flood frequency (Afzal and Ragab 2020; Torabi Haghighi 
et al. 2020). Water yield is one of the most vital services 
provided by ecosystems and is of great significance to the 
sustainable development of the regional economy and eco-
system. Water yield can meet human irrigation, production, 
and domestic water and has entertainment and aesthetic 
value. It also affects ecological functions such as biomass, 
carbon cycle, and sediment output (Yang et al. 2021). As an 
essential ES, water regulation is affected by the combined 
effects of land use and climate change (Sun et al. 2015). Cli-
mate change can influence water yield by changing the tem-
perature and precipitation in a catchment (Lang et al. 2017). 
Land-use changes can also affect water yield by altering the 
underlying surface of the river basin (Song and Deng 2017).

To evaluate the impact of land use and land cover changes 
on the basin’s hydrology, spatially dispersed hydrological 
models are employed. The Soil and Water Assessment Tool 
(SWAT) model (Munoth and Goyal 2020), Integrated Valua-
tion of Ecosystem Services and Tradeoffs (InVEST) models 
(Zhao et al. 2019) and Artificial Intelligence for Ecosystem 
Services (ARIES) model (Bagstad et al. 2015) are some of 
the most popular approaches used to evaluate water sup-
ply services. The InVEST model has been widely used in 
ES function assessment, especially in water supply assess-
ment. Its advantages are fewer model parameters, lower data 
requirements, and global application (Yang et al. 2021).

Changes in climatic parameter distributions, includ-
ing extremes, are critically crucial for analyzing land-use 
systems that incorporate complex, nonlinear interactions at 
the soil–plant-atmosphere interface (Vesely et al. 2019). To 
develop climate scenarios, multi-model aggregates of Gen-
eral Circulation Models (GCMs) are used, which specify 
the uncertainty in projections outcoming from structural 
differences in the GCMs and uncertainties in variations of 
initial conditions or parameterizations (Pachauri et al. 2014). 
Future projections are made according to alternative Rep-
resentative Concentration Pathways (RCPs); each of them 

explains a potential future greenhouse gas concentration tra-
jectory during the twenty-first century (Vesely et al. 2019). 
However, using climate predictions from GCMs is prob-
lematic because their coarse spatial resolution may result in 
biases and uncertainties at a local scale, since GCMs used 
to project future climate scenarios provide gridded-area 
average simulations. At the same time, the occurrence and 
intensity of extreme events strongly depend on local fac-
tors (Ragno et al. 2018; Vesely et al. 2019). Furthermore, 
GCM models run at a large spatial resolution (in the range 
of 100–300 km) require the outputs of these models to be 
downscaled for local studies. Downscaling methods are cat-
egorized into two methods: statistical and dynamic (Xu and 
Yang 2012). One of the general methods is the change fac-
tor that has been used frequently in recent research (Anan-
dhi et al. 2001). More sophisticated methods are the SDSM 
(Wilby et al. 2002) and LARS-WG, among the statistical 
methods (Chen et al. 2011).

The current status does not describe the favorable condi-
tions for water resources in the Middle East; In addition, 
the projected changes in hydro-climatic variables reinforce 
the struggle to manage the region’s water resources in the 
future. Climate change projections suggest that the Middle 
East will face a 5–25% decrease in annual precipitation. 
In Iran, for example, this annual decrease in precipitation 
is expected to be 20–25% of the current value (Mansouri 
Daneshvar et al. 2019). In addition, anthropogenic activities 
may also make the situation more challenging for managing 
water resources. It is estimated, for instance, that ground-
water resources depletion is occurring in Iran with a mass 
loss rate of 25 ± 3 km3/year (Bozorg-Haddad et al. 2020). 
Also, land use studies in parts of the Zagros region, includ-
ing Arasbaran (Rezaee Moghadam et al. 2010), Bane (Amini 
et al. 2009), Ilam dam catchment (Shahkooeei et al. 2014), 
Saman forests, Chaharzebar forests (Khan Hasani et al. 
2008), (Susani et al. 2010), Ilam province forests (Mahdavi, 
2010), Marivan forests (Yusefi et al. 2012), and Kurdistan 
region demonstrate remarkable degradation in these region 
land use patterns. Therefore, an assessment of water scar-
city is required to quantify the availability of regional water 
sources and their possible changes due to climate change and 
assess the current and future water uses needed to maintain 
economic and environmental quality (Bozorg-Haddad et al. 
2020).

Sirvan Basin is a mid-size basin in the Zagros Mountain 
region, and, as a sub-basin of Tigris, it represents a stra-
tegic water supply ecosystem. The water yield of Sirvan 
plays a vital role in supporting the environmental aspects 
of Iran and Iraq. However, climate change and human 
activities have become more and more intense in recent 
decades. The continuous expansion of agricultural areas 
and economic development have led to the deterioration of 
vegetation and water shortages in this basin, which could 
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lead to intensifying social and ecological tensions. There-
fore, it is essential to analyze the relationships between cli-
mate change, land-use change, and water supply services 
and clarify the drivers of water yield changes to ensure 
sustainable water supply in the Sirvan Basin. No previous 
study has analyzed water supply services and the impact of 
climate and land-use change on water yield in the Sirvan 
Basin simultaneously. We analyzed the change in water 
supply services due to climate and land-use change by: 
(i) Describing land-use changes; (ii) Forecasting future 
climate change by LARS-WG, (iii) estimating water yield 
using the InVEST model, and (iv) Exploring the effects 
of precipitation, evapotranspiration, and land-use change 
on water yield under different scenarios. This study can 
present reference information for water resource manage-
ment and ecological protection in the Sirvan Basin and 
similar ecosystems.

Materials and methods

Study area

Sirvan Basin is a transboundary upstream catchment of a 
large Tigris basin located in the west of Iran, Kurdistan. Its 
headwaters originate in the Zagros Mountains in western 
Iran, and it consists of 11 sub-basins. The basin is situated 
between 33.2168 and 35.8338 N and between 44.5008 and 
46.8338E (Al-Faraj and Scholz 2015). The basin drains a 
32,600 km2 area, of which about 43% lies in Iraq and 57% 
in Iran (Ministry of Water Resources, 1982). This study was 
conducted on 11 sub-basins of this basin with 13,407 km2. 
(Fig. 1).

Fig. 1   Location of the study area
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Methodology

The research follows the flowchart represented in Fig. 2. As 
shown, the first step is land-use change modeling in the past 
two decades and climate change modeling in the three past 
decades. Next, the past changes are used to train models for 
future prediction. Then, these outcomes are used to generate 
future land-use scenarios. Finally, the scenarios are used to 
model water yield in the study area. The methods and mod-
els adopted in the different steps are detailed in the following 
sub-sections.

Climate parameters modeling

The LARS-WG model is a random generator for produc-
ing meteorological data using statistical downscaling tech-
niques. It requires fewer input data due to repetitive calcula-
tions and is characterized by higher simplicity and efficiency 
than other models (Heydari Tasheh Kabood et al. 2020). It 
was used for producing daily maximum and minimum tem-
perature, precipitation, and radiation under the current and 
future climatic conditions. This model was initially proposed 
by (Racsko et al. 1991) and then revised and developed by 

(Semenov et al. 1998) at the Long Ashton Research Center 
(Heydari Tasheh Kabood et al. 2020).

The weaknesses of the Markov chain led to the develop-
ment of this model, which is a randomized model based 
on the quasi-experimental distribution (Semonov and Stra-
tonovitch 2010). In 2018, the new version of this model 
(LARS-WG6) was updated and published for downscal-
ing the Coupled Model Intercomparison Project Phase 5 
(CIMP5) (Heydari Tasheh Kabood et al. 2020).

In this research, the LARS-WG version 6.0 configured 
with CMIP5 scenarios is used here to downscale the GCM 
outputs. LARS-WG is a stochastic weather generator that 
can simulate weather data at a single site under current 
and future climate conditions. Climatic conditions of the 
basin were modeled based on the data collected at San-
andaj and Marivan stations over the last three decades. 
These two stations were selected with attention to the age, 
area, and shape of the basin to reflect the entire area's 
climatic conditions. Two GCMs, namely EC-EARTH and 
Had-GEM2-ES with tree Representative Concentration 
Pathway (RCP) 2.6, 4.5, and 8.5, were used to predict the 
region’s climatic data. The characteristics of the GCM 
models used in this research are described in Table 1 and 

Fig. 2   Flowchart of the study
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Fig. 1. In addition, the type and format of the data are 
presented in the Table 1.

Data

Various data were used in this study, the characteristics of 
which are summarized in Table 1.

Land use

As shown in Fig. 2 and Table 1, land-use modeling was con-
ducted based on changes of two past decades to predicting 
future changes. Land-use changes in the region were studied 
using satellite images taken in four 10-year periods. Because 
of the poor quality of the 1989 and 1999 images of Landsat 
5, these images were removed from the data. Also, the 2009 
image of Landsat 7, which had an error, was replaced with 
the 2013 image of Landsat 8.

Preprocessing  Preprocessing includes the image’s radio-
metric and atmospheric correction and mosaicking. In this 
research, the correction on images was carried out using 

the radiometric calibration method and quick atmos-
pheric correction in ENVI 5.3 Software (Kourosh Niya 
et al. 2019). The image mosaicking was conducted by the 
seamless method. Then for image classification, several 
algorithms, including maximum likelihood (Effati et  al. 
2021), neural net, super vector machine, and minimum 
distance, were used by using 300 samples. Finally, based 
on the comparison between the result and ground truths, 
the maximum likelihood is selected as the proper classifi-
cation method.

Land cover maps identifying spectrally similar pixels 
can be generated through supervised or unsupervised clas-
sification algorithms. In supervised classifications (e.g., 
decision trees, maximum likelihood, and minimum dis-
tance (Kourosh Niya et al. 2020), reference “training” 
datasets are used to perform the classification (Shrestha 
et al. 2019). ENVI tool implements the maximum likeli-
hood classification method by calculating the following 
discriminant functions for each pixel in the image (Rich-
ards 1999). Classification accuracy is determined by the 
overall classification accuracy and kappa coefficient in the 
ENVI 5.3 software. (Pullanikkatil et al. 2016). There are 

Table 1   The used data characteristics

Type Data Unit Resolution Data Source Tool

Land use Spatial–temporal Land use 2013 meter 30 × 30 2013– USGS.gov ENVI 5.3
Land sat 8-ETM +  2019–2040 Arc GIS 10.7
Land use 2019
Land sat 8-OLI InVEST 3.8.9
Land use 2040

Climate Climatology and 
synoptic data

Minimum temperature Centi-
grade 
degree

1990–2019–2040 National meteorological 
Organization

LARS-WG 6
Excel 2019Maximum temperature

Precipitation mm
Sunshine h/day

Water yield Spatial Precipitation mm 30 × 30 2013–2019–2040 Worldclim.org + National 
meteorological Organi-
zation

Arc GIS 10.7
InVEST 3.8.9Average Annual Refer-

ence Evapotranspira-
tion

mm

Root restricting layer 
depth

mm FAO.org- FAO (1998b)–
Harmonized world soil 
data

Plant Available Water 
Content

Land use/land cover Processed satellite image
basins National Cartographic 

CenterSub-basins
Table format data Lucode 2013–2019–2040 Excel 2019

LULC_desc
LULC_veg
Root_depth mm
Kc FAO.org
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seven land-use types in the Sirvan Basin: built-up, water, 
forest, agriculture, rangeland, dry farming, and bare land.

Scenario making

The scenario generator (InVEST 3.8.9) has been used for 
scenario making. This tool works based on the transition 
between LULC classes, as defined by the user. The defined 
transition should be adjusted according to past changes, pop-
ulation growth, and national-provincial policy. The results 
are based on these inputs; base land use/cover, area of inter-
est, max area to convert (ha), focal land cover code, convert-
ible land cover, and replacement land cover.

In this research, scenarios are created by integrating cli-
mate and land use. First, two scenarios are created for land 
use, include low urbanization (10% radius expansion of the 
residential area in legal boundary and forest cover conver-
sion by 3%) and high urbanization (20% radius expansion of 
the residential area in legal boundary and forest cover con-
version by 6%). Then each of these scenarios is combined 
with two climatic scenarios, moderate climate change (an 
increase of temperature by 1.25° c and reduction of precipi-
tation by 8%, according to IPCC scenarios and model predic-
tion) and severe climate change (an increase of temperature 

by 2.5° c and reduction of precipitation by 10%) to create 
four final scenarios (Fig. 3). Increasing temperature in two 
scenarios implies precipitation and evapotranspiration maps 
as inputs to the water yield model.

Water yield ecosystem service

The purpose of the prior stages of the study was to prepare 
the required data for modeling the water yield of the Sirvan 
Basin. Thus, the results of these stages were used to pro-
duce inputs for the InVEST water yield model. These inputs 
include precipitation, reference evapotranspiration, depth to 
root restricting layer, land-use, plant available water content, 
and evapotranspiration coefficient of different land-use.

To evaluate, annual water yield, the Integrated Valuation 
of Ecosystem Services and Tradeoffs (InVEST) toolkit was 
used, developed by the Natural Capital Project (Jafarzadeh 
et al. 2019). The InVEST Water Yield model estimates the 
relevant contributions of water from different parts of a 
landscape, presenting a vision into how changes in land-use 
patterns affect annual surface water yield. It estimates eco-
system water production using water balance. The precipita-
tion and actual evapotranspiration difference in a grid cell 
are the water supply (Lang et al. 2017). The model required 

Fig. 3   The different scenarios generated
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eight input datasets (Table 2, Fig. 5), encompassing six spa-
tial map data and two ones taken by coefficients (Jafarzadeh 
et al. 2019).

After estimating water yield, the next step consisted 
in estimating water scarcity/surplus of the basin. For this 
purpose, it was necessary to assess water consumption of 
different land-uses and create the water consumption table 
needed as model input for this stage. This estimation had 
to be conducted only for land uses with non-natural water 
consumption, i.e., consumption in residential areas, indus-
trial areas, health, and agriculture. This estimation was per-
formed based on the available statistics on per capita water 
consumption and water needs for agricultural products. The 
amounts introduced to the model in cubic meters per unit 
area and then calculated for each sub-basin. Then, the water 
scarcity/surplus of the sub-basins was obtained by deducting 
consumption from water yield.

Results

Climate modeling

The data showed that the precipitation in the area has had a 
generally decreasing trend over the last three decades until 
2017 but has shown the opposite trend in later years because 
of huge precipitation in 2018 and 2019. However, the models 
predicted a general decrease in precipitation from 2020 to 
2040. The extent of precipitation reduction was the same in 
the two models but different in the two scenarios. The model 
also predicted that both stations and the region, in general, 
will experience rising temperatures. However, given the cold 
climate of the region, this temperature increase is expected 
to be less than those in IPCC scenarios (2 and 3.5  °C) 
(Table 2). The model outputs also predicted a change in the 
monthly precipitation distribution.

Land‑use scenarios

The satellite images analysis showed an increase in the area 
of built-up, agriculture, and rangeland and water bodies, 
and a decrease in the area of forest and barren land. The 
expansion of water bodies surfaces is due to the construc-
tion of several dams in the region, particularly the Darian, 
Garan, and Azad dams, which became operational in 2019. 
The expansion of built-up areas is related to population 
growth and infrastructure development. The expansion of 
agricultural lands is caused by the conversion of forests and 
rangelands to farmlands. The shrinking of forested lands 
can also be attributed to timber production and the conver-
sion of forests to rainfed vineyards. Despite the large-scale 
conversion and degradation of rangelands, the region had 
more rangelands in 2019 than in 2013. However, this is 
because precipitation was far lower in 2013 than in 2019. 
The decrease in barren lands can also be attributed to 2019 
being a wet year, which has led to the temporary conversion 
of many barren lands into rangelands (Figs. 4, 5).

Table 3 shows the details of the two land-use scenarios 
generated for 2040 with this tool. These two scenarios, 
which were called “low urbanization” and “high urbaniza-
tion,” represent the effect of urbanization on built-up areas, 
including urban, rural, industrial areas, transport infrastruc-
ture, and so on, as well as the conversion of forests, range-
lands, and deserts to residential and agricultural lands. The 
degradation/conversion zone grows from the margins of 
existing zones by a magnitude that depends on the nature 
of the scenario and is expressed as a percentage of original 
and target land-uses (Fig. 5). In the moderate climate change 
scenario, it was assumed that the region would experience 
an 8% decrease in average long-term precipitation and a 
1.25 °C increase in average temperature, which will result 
in a 3.5% increase in evapotranspiration rate. In the severe 
climate change scenario, it was assumed that there would 
be a 10% decrease in average long-term precipitation and a 
2.5 °C increase in average temperature, which will result in 
a 5.5% increase in evapotranspiration rate (Table 3).

Table 2   Precipitation records and forecasts for Marivan and Sanandaj stations

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

1990–2019 156.66 150.73 146.2 113.87 46.92 2.78 1.03 0.46 2.85 43.83 117.99 136.57
Hadgem-rcp26 172.68 145.68 140.1 137.99 49.49 6.36 1.14 0.47 6.68 37.72 110.43 158.65
Hadgem-rcp85 145.35 149.19 155.69 106.6 52.78 3.86 0.59 0.62 7.67 39.57 103.04 140.59

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

1990–2019 43.76 44.36 57.43 62.68 31.13 2.26 1.5 0.11 1.09 27.53 60.58 42.64
Hadgem-rcp26 50.12 43.69 56.99 59.15 27.5 1.8 0.63 0.15 2.99 30.16 63.56 45.3
Hadgemrcp85 29.85 48.22 43.29 47.78 27.66 2.24 2.6 0.03 1.11 36.98 52.62 47.87
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Water ecosystem services

Sirvan Basin has 11 sub-basins which are numbered by the 
national water resources management center (Fig. 1). The 
water yield figures obtained for this basin and its sub-basins 
are given in Table 4 and Fig. 6. The results showed that 
the water yield of the basin has been 3498 million m3 in 
2013 and reached 5381 million m3 in 2019. After exam-
ining the model inputs and outputs, it was found that the 
main reason for this huge difference between water yields 
of 2013 and 2019 is the roughly 30% higher precipitation in 
the latter year. Using the developed model, the 2040 water 
yield was predicted to be 3795 million m3 under the first 
scenario (Low Urbanization + Moderate Climate Change; 

LUMC), 3635 million m3 under the second scenario (Low 
Urbanization + Severe Climate Change; LUSC), 3761 mil-
lion m3 under the third scenario (High Urbanization + Mod-
erate Climate Change; HUMC), and 3601 million m3 under 
the fourth scenario (High Urbanization + Severe Climate 
Change; HUSC).  

Water shortage/surplus in Sirvan Basin and sub‑basins

As shown in Fig. 7, the entire basin has higher precipitation 
and lower evapotranspiration in MC scenarios than in S.C. 
scenarios, which results in lower water yields in the latter. 
Also, LU scenarios have lower water consumption, and MC 
scenarios have higher water surplus (Fig. 7).

Fig. 4   Land-use changes in Sirvan basin



Applied Water Science            (2022) 12:4 	

1 3

Page 9 of 14      4 

From the precipitation, evapotranspiration, water yield, 
water consumption, and water surplus results plotted in the 
above diagram, it can be approximately concluded that pre-
cipitation is a major determinant of the amount of water yield 
in the basin. The Fig. 7 shows a high degree of similarity 

between precipitation and water yield curves, but an inverse 
relationship between precipitation and evapotranspiration 
curves. With the increase in precipitation from 2013 to 
2019, water yield has also increased. After examining the 
historical precipitation data, it was found that precipitation 
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Table 3   Specifications of the defined scenarios

Land use Climate Scenarios

1 Low urbanization 3, 4, 5, 6, 7 to 1 ≥ 10% add to 1 Moderate climate change 8% decrease precipitation (based on 
modeling result) 1.25 °C increase 
temperature leads to increase evapo-
transpiration by 3.5%

LUMC

2 3, 5 to 4 ≥ 4% remove from 3 and 5 Severe climate change LUSC
3 High urbanization 3, 4, 5, 6, 7 to 1 ≥ 20% add to 1 Moderate climate change HUMC
4 3, 5, 7 to 4 ≥ 5% remove from 3, 5 

and 7
Severe climate change 10% decrease precipitation 2.5 °C 

increase temperature leads to 
increase evapotranspiration by 5.5%

HUSC

Table 4   Water yield in the 
sub-basins of the Sirvan basin 
(million cubic meters/year)

SUB-basins 2013 2019 2040 LUMC 2040 LUSC 2040 HUMC 2040 HUSC

SUB.W1 404.73 631.79 459.52 448.19 456.34 445.05
SUB.W2 66.40 100.79 72.38 70.83 71.76 70.21
SUB.W3 283.78 410.37 300.04 294.30 295.94 290.23
SUB.W4 211.39 320.59 223.95 217.81 220.45 214.38
SUB.W5 973.87 1426.28 1000.79 963.67 994.17 957.01
SUB.W6 211.75 295.65 204.47 195.44 203.30 194.23
SUB.W8 199.12 278.70 194.50 182.99 191.75 180.09
SUB.W9 262.02 396.97 275.50 260.65 273.41 258.50
SUB.W10 265.14 435.63 298.80 281.85 295.53 278.58
SUB.W11 514.90 906.90 638.58 600.62 632.32 594.47
SUB.W12 105.04 177.42 126.57 119.39 126.03 118.85
Total 3498.14 5381.06 3795.09 3635.74 3761.00 3601.59
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in 2013 has been lower than the region's long-term aver-
age, which means that this year belongs to a drought period. 
There was less reduction in precipitation from the long-term 

average in the MC scenario and less increase in evapotran-
spiration, leading to higher water yield than the SC scenario. 
The results of water yield modeling and prediction under 

Fig. 6   Water yield under different scenarios
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different scenarios showed that climatic parameters, such 
as precipitation, have greater impacts on water yield than 
land-use changes, which is consistent with the findings of 
Yin et al. (2020), Wu et al. (2017), Kim and Jung (2020), 
but is inconsistent with the findings of Shirmohammadi et al. 
(2020). This inconsistency in the findings of different studies 
highlights the need for further research in this area.

Sensitivity analysis

The sensitivity of model outputs to different inputs was 
measured by defining a scenario. In this scenario, the 
model inputs were changed such that the type and extent of 
model sensitivity to each parameter can be determined. This 
method was also used to make a quantitative assessment 
of the impact of each input. The four groups of parameters 
used in the four phases of sensitivity analysis are listed in 
Table 4. These four groups of parameters were: (1) climatic 
and land-use parameters of 2013, (2) climatic and land-use 
parameters of 2019, (3) climatic parameters of 2013 and 
land-use parameters of 2019, and (4) climatic parameters 
of 2019 and land-use parameters of 2013 (Table 5, Fig. 8).  

In the first phase, where the model parameters were 
selected from the same year, the results showed a 29% 
increase in precipitation, an 8% increase in actual evapo-
transpiration, and a 54% increase in water yield. In the sec-
ond phase [2013 (19)], where the 2013 land-use data of the 
previous model were replaced with the 2019 land-use data, 

precipitation remained the same, actual evapotranspiration 
increased by 32%, and water yield decreased by 39%. In 
the third phase [2019 (13)], where the 2013 land-use data 
were placed in the 2019 model, precipitation remained the 
same, actual evapotranspiration increased by 38%, and water 
yield decreased by 29%. In the fourth phase, where the land-
use data of the two periods were swapped, precipitation 
increased by 29%, actual evapotranspiration increased by 
13%, and water yield increased by 71%.

The large changes in land use from 2013 to 2019 included 
a 6000-hectare decrease in forest lands (due to degradation/
conversion), an 80,000-hectare reduction in barren lands 
(due to increased precipitation), a 30,000-hectare increase in 
agricultural lands, a 26,000-hectare increase in rangelands, 
and a 27,000-hectare increase in irrigation farmlands. These 
changes sum up to 170,000 hectares, equivalent to 12% of 
the total area of the studied catchment.

Discussion

A major challenge in distinguishing the effects of climate 
change and land-use changes and their interactions is the 
difficulty of producing a reasonably conclusive estimate of 
future land-use changes, especially at spatial scales needed 
for ecosystem, basin, and water supply management (Martin 
et al. 2017). The method used in this study, which involved 

Table 5   Sensitivity analysis of the model

OBJECTID 2013 2019 Changes (%) 2019 2019(13) changes (%) 
Precip_mn 580 747 29 747 747 0 

AET_mn 319 346 8 346 479 38 
Wyield_mn 261 401 54 401 268 29 
OBJECTID 2013 2013 (19) Changes (%) 2013 (19) 2019(13)  changes (%) 

Precip_mn 580 580 0 580 747 29 
AET_mn 319 423 32 423 479 13 

Wyield_mn 261 157 -39 157 268 71 

Fig. 8   sensitivity analysis
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scenario making based on population growth and other 
socio-economic factors rather than making forecasts based 
on past trends, proved very effective in dissecting the effects 
of land-use changes and climate change.

To develop a comprehensive framework, which can 
integrate climate and land-use factors in decision-making 
simultaneously, the incorporation of different models is 
needed. This work has many complexities and requires suf-
ficient knowledge of all aspects of these tools and models. 
In this regard, in this research, various tools were used to 
prepare data and model. Temporal monitoring should also 
be considered to form a correct decision regarding recog-
nizing the past and current situation. While this procedure 
can enhance the quality and comprehensiveness of studies, 
it can also increase uncertainty. Since one of the principal 
cases in such research is land use data, and these data with 
proper temporal and spatial scale are rarely available, remote 
sensing techniques are a suitable option. Image processing 
should be done with reasonable accuracy and precision. 
After comparing the different classification methods results, 
the maximum likelihood method was selected. Future plan-
ning requires scenario-making for land-use change, which is 
developed according to multiple factors such as population 
growth, urban growth, agricultural development, conserva-
tion policies, and other influential factors. Most past research 
has simulated the future changes based on the past trend 
changes. In these approaches, only one scenario is generated, 
limiting the analysis of the effects of different policies, based 
on the status of the involved factors.

Climate modeling needs past data to train and forecast-
ing future changes. General circulation models and IPCC 
scenarios were used to achieve this, and the LARS-WG tool 
was selected for downscaling. These models and tools can 
provide valuable information to planners.

The points considered in a scenario making included the 
conversion and degradation of land uses, especially forests 
(Karimi et al. 2018) (in the western half of the region), popu-
lation growth and the resulting urban development, reverse 
migration from cities to villages and the trend of people 
building second homes in the countryside (which not only 
boosts rural construction but also affects agriculture), and 
forest fires (Jamshid Bakhtar et al. 2013).

As mentioned, the results showed that climatic param-
eters affect water yield more than land-use changes (Sad-
dique et al. 2020). Land-use changes can change water yield 
by changing soil infiltration rate, root depth, plant available 
water content, soil texture, and evapotranspiration rate 
(Shirmohammadi et al. 2020). Conversion of forest lands 
to other land-uses plays a particularly important role in 
increasing runoff. Climatic changes have a more specific 
mechanism of affecting water yield than land-use changes. 
A change in precipitation directly affects water yield. 
Also, temperature changes affect water yield indirectly by 

changing the evapotranspiration rate. From the results of this 
study, it can be concluded that land-use changes and climatic 
changes have a roughly 1:3 effect on the water yield of the 
studied basin. In other words, the water yield of this basin 
is influenced three times more by climatic factors than by 
land-use factors.

The model (InVEST) used in this study has a number of 
limitations that can make the results uncertain. One of these 
limitations is related to the type of input data. For example, 
precipitation and evapotranspiration are both annual inputs, 
and their seasonal changes must be applied to the model 
using a seasonality factor (Hamel and Guswa 2015). Another 
limitation of this model is the difficulty of considering past 
and future changes (Yin et al. 2020), which in this study was 
addressed by modeling the past and producing forecasts for 
the future. Also, the use of global data in places where local 
data are not available may reduce the accuracy of this model 
(Kim and Jung 2020). This study addressed this problem by 
assessing the accuracy of data based on available local data.

Conclusion

The hydrological balance of the Sirvan Basin is influenced 
by a variety of factors, including climate change, land-use 
changes, population growth, etc. Since this basin is one 
of the sub-basins of Tigris, which makes it transnational, 
development in this area should be planned with attention to 
the capacity of the basin and international commitments in 
terms of downstream hydrological balance. The first require-
ment for making any kind of plan for any basin is to gather 
sufficient knowledge of its features and condition in the past, 
present, and future. Indeed, a large number of methods and 
tools have been developed for this very same purpose. Given 
the complexities and uncertainties involved in the mutual 
effects of climate change and land-use changes on basins, 
the simultaneous study of these effects will require careful 
consideration of the inputs to be used and the relationships 
between them. The modeling and forecasting conducted in 
this study showed that the water yield of the Sirvan Basin 
currently exceeds the needs of the area.

It should be noted that further studies are needed to 
determine whether the current water yield of this basin is 
also enough to fulfill downstream water rights, an issue that 
was not explored in this study. Given the location of several 
large population centers, including Sanandaj, Marivan, and 
Javanroud in sub-basins 4, 8, and 10 of these basins, the 
conclusion made for the entire basin does not necessarily 
apply to its sub-basins. With the population growth and hori-
zontal expansion of these cities and the consequent land-use 
changes, water yield in these sub-basins will not be able to 
keep up with the rising demand. Even today, water demand 
in these sub-basins is met by transferring water from Vahdat 
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and Azad dams to Sanandaj and from Garan dam to Mari-
van. Given the region's population growth and agricultural 
development and the drying of its climate, the Sirvan Basin 
and especially the mentioned sub-basins are very likely to 
encounter more water supply problems in the future. One of 
the most important issues of this transboundary basin is the 
plans to construct several dams in the area for hydropower 
generation and inter-basin water transfer, which will exten-
sively change the hydrological regime of the region. Also, 
it is crucial to take some measures to ensure proper adapta-
tion to the effects of climate change in this area. Given the 
extensive change in the forest lands of the western parts of 
the region in recent years, which have been mostly in the 
form of appropriation for horticulture, it is recommended 
to implement stricter control measures and more extensive 
promotional programs for preserving oak forests. It is also 
recommended to develop and adopt a program for the opti-
mal management of water resources in the region’s agri-
cultural sector, as it currently operates with very low water 
efficiency.
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