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RESEARCH ARTICLE
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Abstract
Studying the interaction between hydrology, land use, and climate change is necessary to support sustainable water resources management. It is unknown how land
management interventions in dry climate conditions can benefit water yield in the
context of climate and land use change interactions. In this study, we assessed the
effects of both land use and predicted climate change on the Mordagh Chay basin
water yield using the Integrated Valuation of Ecosystem Services and Tradeoffs
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model. First, we modeled the current water yield, followed by developing six combined climate–land use scenarios until 2030 based on the CCSM4 climate model for
the RCP4.5 and RCP8.5 scenarios. We used three future land use scenarios simulated
by the Dyna-CLUE model. The trend scenario of land use change, which does not
include any improvements in irrigation efficiency, significantly affected basin water
yield under both climate scenarios. Water yield decreases by 19.8% and 31.8% for
the RCP4.5 and RCP8.5, respectively. Under all land use scenarios that included
improvements in irrigation efficiency, the water yield responded positively. For the
RCP4.5 scenario, the water yield was projected to increase between 16.6% and 18%
depending on the land use scenario. The increase in water yield under the RCP8.5 climate scenario was much lower than for the RCP4.5 scenario (about one-third). Overall, the results showed that by adopting appropriate irrigation efficiency, it is possible
to achieve a better balance between environmental needs and regional economic
and agricultural development. The results provide insight into possible sustainable
development options and also provide guidance for managing the other Urmia Lake
sub-basins, whereas the approach of integrated assessment of climate, land use
change, and land management options is also applicable in other conditions to help
inform sustainable management.
KEYWORDS

Ecosystem Services, InVEST, irrigation efficiency improvement, RCP scenarios, Urmia Lake
basin
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I N T RO DU CT I O N

Increasing temperature and change in precipitation patterns affect the
hydrological characteristics in basins, leading to floods and long-term

The recent changes in climate have significantly affected natural sys-

drought (Singh et al., 2016; Upgupta, Sharma, Jayaraman, Kumar, &

tems globally (Intergovernmental Panel on Climate Change, 2014).

Ravindranath, 2015). Meanwhile, socioeconomic development and
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population growth resulted in land use change, leading to additional

Kundu et al. (2017) reported that the Narmada basin water yield

pressures on the environment (Millennium Ecosystem Assessment,

in India experienced an increase by 3.4% between 1990 and 2011

2005). Human-induced activities have significantly increased evapo-

and could additionally increase by 17.5% until 2050. Another example

transpiration because of large expansion of water-intensive and irri-

from southwest China shows the combined effect of climate and land

gated agriculture (Kundu, Khare, & Mondal, 2017), changes in

use changes on surface runoff (Wu et al., 2017), where they noted the

vegetation cover (Feng et al., 2012; Khazaei et al., 2019), and expan-

high contribution of climate changes on runoff as compared with a

sion of (plantation) forest (Tange, Shrestha, Shrestha, Datta, & Kawa-

low contribution of human-induced land use change across the basin.

saki, 2018; Yan, Zhang, Yan, Zhang, & Chen, 2018). Integrated land–

This paper aims to study the effects on the Mordagh Chay basin

climate changes resulted in a substantial change from basins' natural

water yield as one of the sub-basins of the Urmia Lake region through

water supply–demand balance, particularly in the arid and semiarid

considering both land use and climate changes. We used the Inte-

regions. As a result, several water bodies and wetlands dried due to

grated Valuation of Ecosystem Services and Tradeoffs (InVEST) model

lower water provisioning of the upstream ecosystems (Sajikumar &

to simulate water yield. The main objective of the paper is to analyze

Remya, 2015). The most notable example is the Aral Sea, where its

plausible pathways for sustainable water resource management con-

two tributaries have dried over the last 58 years as a result of

sidering future climate and land use changes. We aimed to assess pos-

unsustainable

sible future trajectories that aim to better achieve a balance between

socioeconomic

development

(Boomer,

Aladin,

Plotnikov, & Whatley, 2000; Clarke, 1993; Cretaux, Letolle, & Bergo-

socioeconomic development and environmental sustainability.

Nguyen, 2013). Currently, the Urmia Lake located in northwest Iran is
being exposed to similar pressures as the Aral Sea (Shadkam, Ludwing,
van Vliet, Pastor, & Kabat, 2016). Recent surveys suggested that the
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supply of water resources in the lake region is not adequate to sustain
the lake's ecological needs because of economic development of the

2.1

|

Study area

region (AghaKouchak et al., 2015; Fazel, Haghighi, & Klove, 2017;
Hassanzadeh, Zarghami, & Hassanzadeh, 2012). Even with a stagnat-

Mordagh Chay basin is one of the Urmia Lake region sub-basins that

ing socioeconomic development, the lake's situation could degrade

is located on the southern site of the Sahand Mountains, where the

further due to future climate change (López-Moreno et al., 2014).

Mordagh Chay River originates, in East Azerbaijan Province, Iran

Increases in the temperature would lead to higher water demands and

(Figure 1). Annual mean temperature and precipitation are 11.3 C and

could reduce its availability (Intergovernmental Panel on Climate

429.2 mm, whereas the maximum and minimum temperature of the

Change, 2013; Jiménez Cisneros et al., 2014). In such a situation, it is

Mordagh Chay basin are −18 C and 39.2 C, respectively. The mean

the supply-side water resources management approach that should

annual evaporation and mean annual runoff are 1,318.41 mm and

guarantee a sustainable use of the region's water resources in the

83 mm m−2, respectively. According to field surveys and morphologi-

future. To achieve this, future responses of the basin need to be

cal examination, the Mordagh Chay basin soils are grouped as antisol

assessed by jointly assessing the effects of land use and climate

(East Azerbaijan Natural Resources Research Center, 2014a), and its

change. Moreover, it is necessary to understand the historic change in

parent material and major units are respectively formed from andesite

land use and climate for a proper evaluation of their effects (Lambin &

and dacite rocks (East Azerbaijan Natural Resources Research Center,

Meyfroidt, 2011).

2014b). The area is covered by various vegetation including annual

The combined effects of future climate and land use changes on

rainfed crops, irrigated orchards, and natural vegetation. Rainfed crops

hydrological components, particularly water yield and surface runoff,

mostly include wheat, barley, and peas planted through a rotation sys-

have been studied using different hydrological models. A study in

tem. Orchards are the most water-intensive land use and covered by

South Australia revealed that change in climate has impacted water

tree crops, mostly apples but also grapes, prunes, peaches, and apri-

yields significantly more than land use change (Shrestha, Recknagel,

cots. Mordagh Chay basin is one of the main pillars of apple produc-

Frizenschaf, & Meyer, 2017). Trang, Shrestha, Shrestha, Datta, and

tion in the region, and the local economy heavily relies on it. Natural

Kawasaki (2017) investigated the effects of both land use and climate

vegetation, which covers a major part of the study area, is used for

changes on the Sekong, Sesan, and Srepok River Basins in Southeast

livestock grazing and fodder. Herbaceous vegetation including Astrag-

Asia and found that the annual discharge is projected to increase by

alus adscendens and Thymus kotschyanus are the dominant species that

the 21st century, which would make these regions prone to land use

cover more than 90% of the natural vegetation (East Azerbaijan Natu-

and climate change. A study on how the Urmia Lake is affected by

ral Resources Research Center, 2014a).

human activities (land use) and climate change indicated a high contri-

The altitude in the mountain area reaches up to 3,681 m, whereas

bution of land use change as compared with climate change in the

the lowest part of the valley is at 1,480 m. The Mordagh Chay basin

lake shrinking and drying (Khazaei et al., 2019). This study revealed

has an area of about 360 km2 and a total population of 17,196, which

that the human-driven vegetation cover and associated irrigated agri-

live in 20 local communities (Statistical Center for Iran, 2016). The

culture expansion were the dominant drivers of the drying lake and

Mordagh Chay River is a tributary to the Urmia Lake and provides sur-

resulted in high total evapotranspiration and associated consumptive

face water for the agricultural activities in the region. The location in

use of water that has decreased the inflows to the lake.

the mountains leads to four distinct seasons that determine its

1254
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F I G U R E 1 Study area: (a) Location of Urmia Lake basin in Iran, (b) location of Mordagh Chay basin in Urmia Lake basin, and (c) drainage
system and the location of the Geshlag Amir station, rain gauge stations, and villages in the Mordagh Chay basin [Colour figure can be viewed at
wileyonlinelibrary.com]

suitability for agriculture. The climate varies over the seasons: Sum-

Unsustainable governance related to land planning and man-

mer is hot with occasional short-time heavy precipitation, whereas

agement as well as water resources management has led to

winter is cold, and its precipitation is mostly in the form of snow.

untapped use of ground and surface water resources in the study

Autumn and spring are the main rainfall seasons. The monthly and

area and in the whole lake basin. A plan entitled “Integrated

seasonal precipitation distribution of the Mordagh Chay basin are

Management Plan for Lake Urmia Basin” has been presented in

presented in Table 1.

2010 (Integrated Management Plan for Lake Urmia Basin, 2010).

The basin has been affected by rapid expansion and intensifica-

The main objectives of this plan are increasing inflows to the

tion of agricultural areas in the last decades, similar to other areas in

lake by saving more water from the agriculture sector as well as

the Urmia Lake basin (Shirmohammadi et al., 2019). Over a 23-year

halting dam construction in the lake region (Urmia Lake Restora-

period (1993–2015), 20.7% of the study area has changed to irrigated

tion Program, 2016). Saving 40% water from the agriculture

agriculture and rainfed cropland, mostly at the cost of natural vegeta-

sector is a currently implemented policy objective by the govern-

tion (Shirmohammadi et al., 2019). During this period, the orchard

ment to sustain the lake above the ecological level through sus-

area has increased more than three times during the period 1993 to

tainable water resources management. To save 40% water in

2015, whereas the area covered by natural vegetation decreased from

agriculture, increasing the irrigation efficiency is seen as the main

68% in 1993 to 47% in 2015 (Shirmohammadi et al., 2019).

measure.
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T A B L E 1 The monthly and seasonal precipitation pattern of the
Mordagh Chay basin

support decision makers by suggesting multiple approaches and
pathways on how to deal with the emerging environmental chal-

Seasonal rainfall distribution (%)

Monthly rainfall distribution (%)

lenges, such as changes in land use, land management, and climate

Summer

September

0.62

change (Sharp et al., 2015). The model calculates the annual or sea-

August

0.71

July

1.43

June

3.34

May

16.69

April

18.24

March

10.14

evapotranspiration directly depends on the available water resources

February

8.98

(precipitation) and atmospheric demand (evapotranspiration; Yang

January

8.36

et al., 2011). The Budyko curve is used to divide the precipitation into

December

10.95

runoff and evapotranspiration components (Gómez-Mendoza, Vega-

November

15.8

Peña, Ramírez, Palacio-Prieto, & Galicia, 2006; Sharp et al., 2015). By

2.8

Spring

38.3

Winter

27.5

Autumn

31.5

October

4.74

sonal average water yield of a basin by considering the relative contribution of each part of the catchment on water production (Sharp
et al., 2015).
The model uses the Budyko curve (Budyko, 1974), which is
established based on the available water and energy balance, to estimate the basin water yield. This approach assumes that the rate of

subtracting various uses of water in a given area, the mean annual
water yield is calculated using Equation (1) for each pixel, watershed,
and subwatershed scale (Sharp et al., 2015):

2.2

|

Data

 

AET
*P,
y = 1−
P

This study is divided in three parts: land use change detection and

ð1Þ

simulation, collection of climate change data, and hydrological modeling using the InVEST model. For the land use change detection and

where y, AET, and P are the annual water yield, annual actual evapo-

modeling, we used the data from Shirmohammadi et al. (2019) that

transpiration, and annual precipitation at the corresponding scales,

used LANDSAT satellite images (United States Geological Survey,

respectively.

2018) and the Dyna-CLUE land use change model (Verburg & Over-

Due to the difficulty to measure basin-scale annual actual evapo-

mars, 2009) to detect land use changes and modeling future scenarios,

transpiration (Redhead et al., 2016) and the need for highly specialized

respectively. The climate data used in this study were obtained from

equipment in plot-scale measurement (Evans et al., 2012), Budyko

the East Azerbaijan Water Authority and Natural Resources Research

(1974) established a methodology to deal with those issues. That

Center and also Iranian Climatological Institutions. Most of the meteo-

methodology, which was later modified by Fu (1981) and Zhang et al.

rological and hydrological data were obtained directly from the gro-

(2004), relates actual evapotranspiration to the potential evapotrans-

und stations, whereas a few of them, including plant available water

piration (Equation 2).

content, depth to root-restricting layer, Z parameter, and reference
evapotranspiration, were calculated based on measured data. Future
climate projections were obtained from the Worldclim.com website

 1
 
AET
PET
PET w w
=1+
− 1−
,
P
P
P

ð2Þ

for the CCSM4 model (Hijmans, Cameron, Parra, Jones, & Jarvis,
2005). We used the CCSM4 model, as it has been identified as most

where w is the empirical parameter used to determine the shape of

representative for our study area (Pal & Eltahir, 2015). The model out-

the Budyko curve that relates the potential evapotranspiration to the

put is available at different spatial resolutions under four representa-

actual evapotranspiration. w is determined by precipitation, plant

tive concentration pathway (RCP) scenarios. In this study, we used

available water content, and the constant Z parameters through Equa-

the most detailed spatial resolution of the model that is approxi-

tion 3 (Sharp et al., 2015).

mately 1 km.
w=Z

2.3

|

PET
+ 1:25:
P

ð3Þ

Mordagh Chay water yield model
Donohue, Roderick, and McVicar (2012) developed a methodol-

To assess future land use and climate change effects on the

ogy for calculation of the Z constant that represents the local precipi-

Mordagh Chay basin hydrology, we used the InVEST model (Sharp

tation pattern (Equation 4).

et al., 2015). This open-source ecosystem service model has been
Z = 0:2*N,

used widely worldwide (Boithias et al., 2014; Hamel & Guswa,

ð4Þ

2014; Pessacg, Flaherty, Brandizi, Solman, & Pascual, 2015; Redhead
et al., 2016; Terrado, Acuña, Ennaanay, Tallis, & Sabater, 2014; Xiao,

where N is the number of precipitation events higher than 1 mm yr−1

Xiao, Ouyang, & Maomao, 2015). The model was developed to

over the given period.
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Model sensitivity analysis and calibration

(Verburg & Overmars, 2009). The scenarios are based on observed
trends in land use change over the past 15 years and include possible

The empirical parameter Z, which captures the seasonal climate vari-

reductions in irrigation water withdrawal and improvements to irriga-

ability and catchment topography characteristics, was first estimated

tion efficiency as potential measures to halt the drying up of Urmia

based on the average annual number of rainy days above 1 mm day−1

Lake. We used past, current, and simulated future land use maps as

(Donohue et al., 2012) and refined by calibration to observed

documented by Shirmohammadi et al. (2019). Three land use scenar-

streamflow data (Hamel & Guswa, 2014). We analyzed water yield

ios were considered: a reference scenario, following the observed land

model sensitivity to the Z, Kc (for the irrigated agriculture and range-

use trends between 1993 and 2015, and two scenarios with different

land as dominant and extensive land uses, respectively), and climate

improvements

parameters (Hamel & Guswa, 2014).

Shirmohammadi et al., 2019).

to

irrigation

efficiency

(Table

2;

details

in

The average number of rainy days (with more than 1 mm of the

Although the reference scenario does not assume improvements

observed rainfall) in the area is 35. Using Equation 4 (Donohue et al.,

in irrigation efficiency, the other two are based on plausible improve-

2012), we obtained the value 7 for the Z factor, which we considered

ments to irrigation efficiency for semiarid regions (Fader, Shi, Bloh,

as a baseline run of the model. The value was varied between 1 and

Bondeau, & Cramer, 2016). Scenario B assumes small irrigation effi-

22 for the sensitivity analysis. According to Sharp et al. (2015), its

ciency improvements bringing the water use efficiency up to 50%. In

value is allowed to change between 1 and 30 where in this study we

the high irrigation efficiency scenario (Scenario C), the highest theo-

changed its value between 1 and 22 during calibration process, where

retically possible irrigation efficiency improvement (85%) is assumed.

the higher values had more impact on the results. Because there were

Figure 2 shows the future land use map as simulated for each

no local references for the value of Kc for our region, we used the

scenario.

international value based on a FAO report by Allen, Pereira, Raes, and
Smith (1998).
Irrigated agriculture, which accounts for more than 92% of basin
water resources withdrawals (Ardakanian, 2005), and rangeland,

The water yield of the basin was projected under each of the scenarios separately for the period 2015–2030 and was compared with
the baseline period (1993–2015). Figure 3 summarizes the different
methodological steps of this study.

which covers the major part of the study area, were selected for
assessing the model sensitivity for the Kc parameter. As baseline value
for Kc, the values 0.75 and 0.8 were used for orchard and rangeland,

3

RE SU LT S

|

respectively (Allen et al., 1998). We examined the model using the
aforementioned values and compared the model output with

3.1

|

Sensitivity analysis and calibration

the baseline run. Then we examined the effect of ±10% variation of
the Kc value for the orchard and rangeland land use types.

The sensitivity of the water yield model for climate parameters (pre-

In order to assess the sensitivity of the water yield model outputs

cipitation and evapotranspiration), Kc for two land uses including

to the climate parameters, we examined 10% variations for both pre-

orchard and rangeland, and the Z factor was tested. For a 10%

cipitation and reference evaporation as compared with the baseline,
whereas model calibration was implemented by comparing the model
output with the observed data from the Geshlagh Amir hydrometric
station located at the outlet of the basin (Hamel & Guswa, 2014). The
model performance in the estimation of basin water yield was
assessed by analyzing the differences between observed and
predicted water yields.

T A B L E 2 Summary of the land use change scenarios
(Shirmohammadi et al., 2019)
Land use
change
scenario
A

2.5

|

Climate and land use change scenarios
B

We assessed the combined effects of land use and climate changes
on the Mordagh Chay hydrological behavior under future RCP4.5 and
RCP8.5 scenarios. The new climate change scenarios, published in the
Fifth Assessment Report (AR5) 2014 called RCPs, were designed to
assess future climate change impact. These scenarios are based on
specific future greenhouse gas concentrations and emission pathways
(Riahi et al., 2011; Van Vuuren et al., 2011).
We developed six scenarios by combining three land use scenarios and two RCPs. The future land use scenarios were developed
using the Dyna-CLUE model, a spatially explicit allocation model

C

Climate
changes
scenario

Combined
scenario

Scenario based on
observed trends
between 1993 and
2015.

RCP4.5

A–RCP4.5

RCP8.5

A–RCP8.5

Reduce irrigation water
withdrawals by 40%
associated with
irrigation efficiency
improvement to 50%.

RCP4.5

B–RCP4.5

RCP8.5

B–RCP8.5

Reduce irrigation water
withdrawals by 40%
associated with
irrigation efficiency
improvement to 85%.

RCP4.5

C–RCP4.5

RCP8.5

C–RCP8.5

Description

Note: Each scenario is combined with both climate scenarios RCP4.5 and
RCP8.5.
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F I G U R E 2 Observed land use in 2015 and projected land use for 2030 corresponding to each scenario (based on Shirmohammadi et al., 2019)
[Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 3

Flowchart of all methodological steps of the study [Colour figure can be viewed at wileyonlinelibrary.com]

increase and decrease in the orchard Kc, the model result was

The water yield was projected to respond by a 22% increase

affected by a 2.5% decrease and a 4% increase, respectively. For the

and a 21% decrease as results of a 10% increase and decrease in

same increase and decrease in the Kc of rangeland, the water yield

precipitation, respectively. For the same increase and decrease of

showed a 16% decrease and a 25% increase, respectively. There was

evapotranspiration, basin water yield was projected to increase by

a very low sensitivity to the Z values (Hamel & Guswa, 2014). The

11% and decrease by 12%, respectively. A summary of the sensi-

change in the Z value from 7 to 4 only slightly affected water yield

tivity analysis results and relative changes in basin water yield is

(less than 1 mm).

presented in Table 3. Our results show that the predicted water
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TABLE 3

Results of sensitivity analysis

Parameter

Base line

Rate of
changes (±10%)

Mean observed flow
in baseline (mm)

Mean predicted
flow (mm)

Orchard Kc

0.75

0.825

93

91.25

0.675

93

95.84

0.88

93

81.4

0.72

93

110.75

484

93

108.62

396

93

78.09

597

93

100.81

729

93

84.48

Rangeland Kc

0.8

Precipitation (mm)

403

Evapotranspiration (mm)

450

to a reasonable extent. The mean observed water yield in the
Mordagh Chay River basin was about 86 mm, and the model estimated 93 mm. Figure 4 depicts the Mordagh Chay basin water yield
for the baseline year of 2015.
The maximum and minimum amount of water yield for the
Mordagh Chay basin are 0 and 565 mm (Figure 4). This means that
there are different contributions across the study area in water provision, where the values of 0 and 565 mm represent the area with high
and low contribution in water yield, which, respectively, covered by
water-intensive land use and the mountain area with a natural vegetation cover.

3.2 | Impacts of future land use–climate change
scenarios on the basin water yield
An increasing trend in both temperature and precipitation was found
in the scenarios based on the climate projections of the CCSM4 for
both RCP4.5 and RCP8.5. The rate of increase in temperature for the
RCP8.5 scenario is higher than in the RCP4.5 scenario with an
increased up to 7% and 13% compared with the baseline for RCP4.5
and RCP8.5, respectively. Precipitation has increased up to 14% and
9%, respectively, for RCP4.5 and RCP8.5.
The difference between the projected average temperatures is
about 0.67 C for the study area. However, the difference between
the projected average water yield is about 18.55 mm m−2. The results
indicate that the RCP8.5 will have much negative effects on the basin
water provision features as compared with the RCP4.5 scenario. This
conversion in Scenario A was more intense than in Scenario C. We
observed an overall increase in water yield under Scenarios B and
C. The water yield of the study area was projected to increase as compared with the baseline; however, there are some differences among
F I G U R E 4 Mordagh Chay water yield map for the year 2015
[Colour figure can be viewed at wileyonlinelibrary.com]

the scenarios except for Scenario A. The two RCP4.5-based land use
scenarios resulted in considerable increases in water yield (Table 4).
The basin water yield was projected to increase more than three-

yield

is

primarily

sensitive

to

the

precipitation

and

evapotranspiration.

times

in

RCP4.5-related

scenarios

as

compared

with

the

RCP8.5-based scenario.

The calibration results showed that the InVEST model is capable

The trend scenario (Scenario A) significantly affected basin water

to capture the hydrological behavior of the basin in water production

yield through both RCP4.5 and RCP8.5. Under these scenarios, the
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water yield would decrease by 19.8% and 31.8% in the case of
RCP4.5 and RCP8.5, respectively (Table 4).

The increase in water production in the area was significant for
the RCP4.5 scenario, and it can increase the Mordagh Chay water
yield by 17.8% and 16.6% for land use change Scenarios B and C,

T A B L E 4 Impacts of future land use–climate change scenarios on
basin water provisioning

Scenario

Mean water
yield (mm)

Change in water yield by the year 2030
compared with the baseline
m3 yr−1

%
−19.8

−6,670,701.8

110.07

17.8

6,006,674.8

C–RCP4.5

108.9

16.6

5,603,857.5

A–RCP8.5

64.2

−31.8

−10,701,476.2

B–RCP8.5

98.49

5.4

1,831,721.5

C–RCP8.5

97.6

4.5

1,536,420.6

A–RCP4.5

75.5

B–RCP4.5

F I G U R E 5 Projected water yield for
the land use change scenarios under the
RCP4.5 (a) and RCP8.5 (b) [Colour figure
can be viewed at wileyonlinelibrary.com]

respectively, whereas only 5.4% and 4.5% increase in water yield is
projected for Scenarios B and C based on RCP8.5.
Implementation of Scenario A under RCP4.5 suggests that the
Mordagh Chay basin would face a decrease of water yield from
93 mm m−2 year−1 in 2015 to 75.5 in 2030 (Figure 5a). In the case of
the other two scenarios, an increasing trend in water yield can be
seen, where the increase for Scenario B is slightly higher than for Scenario C. Because the expansion of irrigated agriculture for Scenario C
is higher than in Scenario B, under this scenario, more area would contribute to the higher water withdrawal levels. Furthermore, through
this scenario, the region would be more exposed to water stress
because of high evapotranspiration from expanded irrigated agriculture, which could expose the basin even more to climate change. For
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F I G U R E 6 Projected water
yield maps for the land use
change scenarios under RCP4.5
[Colour figure can be viewed at
wileyonlinelibrary.com]

Scenario B, water yield will increase from 93 mm m−2 yr−1 in 2015 to

water yield. These land use changes affect water yield by a structural

109 mm m−2 yr−1 in 2030. Projected water yield for Scenario C is

change in the basin due to an increase in infiltration and evapotranspi-

approximately 1–3 mm m

−2

yr

−1

lower than Scenario B (Figure 5a).

ration rates (Khazaei et al., 2019). Because conversion to orchards can

Figure 5b depicts the projected water yield for developed land

be controlled by land management and planning, the management

use change scenarios under RCP8.5. There were two distinct differ-

strategies assumed in the scenarios can be used to manage the water

ences between these scenarios. First, the projected water yield for

yield in the region. Scenario C results are in accordance with Tang,

the basin under RCP4.5 is higher than that for the RCP8.5 scenario.

Sun, Zhang, He, and Wu (2018) and Fu, Li, Hou, Bi, and Zhang (2017)

Second, over the period 2015–2030, an increasing trend in water

that found that the expansion of plantation forest area, which is com-

yield is seen for RCP4.5, whereas for RCP8.5, the yield remains

parable with our orchard land use in water use, led to a decrease in

constant.

water yield. Although our results do not suggest a considerable differ-

Figure 6 shows the projected water yield value for the different

ence between the RCP4.5-based land use scenarios (B–RCP4.5 and

land use change scenarios under RCP8.5. A decrease in water yield,

C–RCP4.5) and the RCP8.5-based land use scenarios (B–RCP8.5 and

from 93 mm m−2 yr−1 in 2015 to an average 64 mm m−2 yr−1 in

C–RCP8.5) in terms of projected water yield, there was a distinct

2030, was projected for Scenario A under RCP8.5. The similar

impact of the differences in land use between the scenarios. Expan-

increase in water yield has seen for both Scenarios B and C under

sion of orchards associated with the projected increase in tempera-

RCP8.5, where the water yield can increase from 93 mm m−2 yr−1 in

ture and precipitation will drastically affect the basin water yield

2015 to 98 mm m−2 yr−1 in 2030 (Figure 7).

(Scenario A). In spite of the differences in context and climate conditions, these results are similar to Monprapussorn (2018) that identified that climate change associated with decrease in natural land

4

|

DISCUSSION

cover would ultimately degrade ecosystem delivery service in
Thailand.

Climate and land use change are major driving forces directly and indi-

Irrigated agriculture is responsible for a major part of the water

rectly affecting river basin hydrological behavior, particularly water

consumption of the study area and is projected to expand under the

yield. Although there are studies that include both climate and land

two land use scenarios (A and C). However, the high efficiency scenar-

use change, this study goes beyond earlier studies by also testing for-

ios (C–RCP4.5 and C–RCP8.5) can provide a considerable increase in

ward looking scenarios aimed at improving the hydrological conditions

inflow to the Urmia Lake (Table 4). Although Scenario B requires a tra-

through irrigation efficiency improvement and change in land use.

deoff between the water balance and the development of agriculture

Continuing the trend of conversion of both rangeland and farmland to

in the region, the C scenarios for both RCP4.5 and RCP8.5 show a sit-

orchards in our study area would significantly decrease the basin

uation where the region is able to expand its irrigated agriculture,
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F I G U R E 7 Projected water
yield maps for the land use
change scenarios under RCP8.5
[Colour figure can be viewed at
wileyonlinelibrary.com]

therefore promoting a growth in the local economy, while still improv-

have large hydrological impacts. In other areas, land use changes are

ing the water inflow in Urmia Lake (Table 4). This will, however,

less pronounced, and climate impacts may exceed these easily.

demand considerable investments in improving the irrigation systems
in the region.

There are other uncertainties that can affect our results that were
not addressed in this study. Due to inaccessible and incomplete data,

The obvious difference between the scenarios is indicative for

we were unable to include other future climate change effects beyond

the large impacts of land use change on the basin water yield in com-

changes to temperature, precipitation, and evapotranspiration, such

parison with the impacts of climate change. The increased water yield

as changes to yields, periodic droughts, pests, and other hazards. Also,

in Scenarios B and C is because of water savings due to efficiency

in spite of the availability of multiple different climate model outputs,

improvement and, most importantly, by reducing water withdrawals

we have chosen to focus on the output of one single model. We have

by 40% that counteract some of the negative impacts of climate

chosen for the CCSM4 model output over the output of other climate

change in the area. By implementation of these two scenarios (B and

models. The Community Climate System Model version 4 is a GCM

C), the basin would be able to yield more water while facilitating the

with the lowest total sum of root mean square errors for our region

development of the regional agricultural sector. This demonstrates

(Pal & Eltahir, 2015). Although accounting for other climate models

the higher sensitivity of the basin water yield to land use change as

would increase the assessment of uncertainty, the larger uncertainty

compared with climate change under these scenarios, particularly the

of those model predictions for our region would bias such an analysis.

two considered scenarios A–RCP4.5 and A–RCP8.5 (Khazaei et al.,

Finally, there is uncertainty in the scenario conditions. Scenario C

2019; Stone, 2015). However, expansion of orchards can increase the

assumes a very high level of irrigation efficiency. The ability of farmers

exposure of the basin to climate change because of the high potential

to achieve such a high level of irrigation efficiency is not the same for

for evapotranspiration leading to a significant decrease in water yield.

all farmers in the region, as some farmers might be more (or less) able

These findings are in contrast with and Wu et al. (2017). Their results

to adapt their irrigation systems (Harmanny & Malek, 2019).

suggested a high contribution of climate change on runoff as com-

We have shown that in order to improve the sustainability of

pared with a low human land use-induced contribution. In contrast,

water resource management under future climate and anthropogenic

our results are in the line with Stone (2015), Gao, Fu, Wang, Liang,

activities, both improving the efficiency and reducing water with-

and Jiang (2016), Alborzi et al. (2018), and Khazaei et al. (2019) that

drawals are necessary. Otherwise, more efficient use of water for irri-

found that land surface change has contributed more to the hydrolog-

gation could lead to an expansion of irrigated areas by local farmers,

ical changes than the reduction in precipitation. The differences in

as was demonstrated in other scenario studies (see, e.g., Malek, Ver-

importance of the land use and climate components are context

burg, Geijzendorffer, Bondeau, & Cramer, 2017). Moreover, financial

dependent: In our study area, land use impacts are very large, and

mechanisms are necessary for irrigation improvement, as not all

changes from (semi)natural vegetation to intensively cultivated area

farmers can afford such investment into irrigation infrastructure.
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C O N CL U S I O N S

The Mordagh Chay basin water resources are highly dependent on
future land use and climate change. We found that the change in land
use has a major role in sustainable water resources management of
the Urmia Lake region. In the case of current management system,
water supplies would not be able to meet the water requirement of
expanded agricultural land without major impacts on the hydrology,
unless the efficiency of irrigation systems is increased considerably.
Such negative consequences would be exacerbated in the event of a
projected warmer and drier climate that would lead to higher evapotranspiration and water consumption leading to more water shortages.
The improvement of the efficiency of irrigation systems as a mitigation and adaptation strategy can increase agricultural production and
improve the sustainability of using regional water resources. As the
proposed high irrigation efficiency may affect return flow from agriculture, the area under cultivation must be precisely monitored and
continuously controlled. In this way, limiting the expansion of agricultural activities in the future is a key element in maintaining the balance between water supply and demand in the region.
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