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ABSTRACT
Climate change will accelerate the hydrological cycle, altering rainfall, and the magnitude and
timing of runoff. The purpose of this paper is to assess the impacts of climate change on
streamflow and sediment yield from the Gorganroud river basin in the North of Iran. To study
the effects of climatic variations, the SWAT model was implemented to simulate the hydro-
logical regime and the SUFI-2 algorithm was used for parameter optimization. The climate
change scenarios were constructed using the outcomes of three general circulation models
for three emission scenarios. The study results for 2040–2069 showed an increase in annual
streamflow of 5.8%, 2.8% and 9.5% and an increase in sediment yield of 47.7%, 44.5% and
35.9% for the A1F1, A2 and B1 emission scenarios, respectively. This implies that the impact
of climate change on sediment yield is greater than on streamflow. Monthly variations show
that the increase in discharge and sediment yield is more pronounced in wet seasons and the
decrease is more pronounced in summer (July–September). The results highlighted the strong
impact of climate change and reflected the importance of incorporating such analysis into
adaptive management.
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Introduction

The consensus of atmospheric scientists is that the
Earth is warming and as global temperatures increase
the hydrological cycle is becoming more vigorous. The
Intergovernmental Panel on Climate Change (IPCC)
has reported with virtual certainty (probability N99%)
that both land and sea surface temperatures have
increased by 0.4–0.7ºC since the late 19th century
(Nearing et al. 2005). According to the Fourth
Assessment Report (AR4) of the IPCC, global mean
surface temperature, precipitation and extreme events
such as heavy precipitation and droughts have changed
significantly, and the changes are very likely to con-
tinue (IPCC 2007). The rise in Earth near-surface air
temperature and changes in precipitation patterns are
prominent features of climate change; these two
factors impact almost all other hydrological processes.
All atmospheric ocean general circulation models
(AOGCMs) predict a rise in Earth surface temperature
and rainfall intensity and amount due to increases in
greenhouse gas (GHG) concentration over the coming
century (Kaini et al. 2010).

A warmer climate will accelerate the hydrological
cycle, altering rainfall and the magnitude and timing

of runoff. Changes in climate are also expected to have
noticeable effects on the soil since rainfall and runoff
are the factors controlling soil erosion and sediment
transport within landscapes. The changes in flow char-
acteristics resulting from climate change depend on
individual catchment characteristics. In particular,
basin geology and elevation are first-order controls on
the timing and magnitude of basin runoff to climate
change (Hamlet and Lettenmaier 2007). Reliable pre-
dictions of the quantity and rate of runoff, and sedi-
ment transport are needed to help decision makers in
developing watershed management plans for better soil
and water conservation measures.

Many recent studies have focused on the potential
effects of climate change on water quality and quantity.
Muttiah and Wurbs (2002) used SWAT to simulate the
impacts of climate change for the San Jacinto River
basin in Texas. They reported that the climate change
scenarios resulted in a higher mean stream discharge
which might induce greater flooding, but the frequency
of the normal and low stream discharges decreased.
Gosain et al. (2006) simulated the impacts of a
2041–2060 climate change scenario on stream dis-
charges from 12 major river basins in India. Stream
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discharge was found to generally decrease, and the
severity of both floods and droughts increased in
response to the climate change projection. To predict
streamflow in the upper Mississippi River basin, Jha
et al. (2006) used various global climate models.
Study results showed a wide range of changes, from
a 6% decrease to a 51% increase depending primarily
on precipitation patterns. Abbaspour et al. (2009)
used this calibrated hydrological model to study the
impact of future climate on water availability in Iran.
Future climate scenarios for periods of 2010–2040
and 2070–2100 were generated from the Canadian
Global Coupled Model (CGCM 3.1) for scenarios
A1B, B1, and A2. Analysis of daily rainfall intensities
indicated more frequent and larger-intensity floods
in the wet regions and more prolonged droughts in
the dry regions. Chang and Jung (2010) estimated
potential changes in annual and seasonal trends of
high flow and low flow and associated uncertainty in
the 218 sub-basins of the Willamette River basin of
Oregon. The seasonal variability of runoff is pro-
jected to increase consistently with increases in win-
ter flow and decreases in summer flow. Zarghami
et al. (2011) used the LARS-WG and general circula-
tion models (GCMs) outputs to predict climate
change in the East Azerbaijan Province in Iran. The
research outcomes showed dramatic reductions in
flows.

Various studies have been performed to determine
the effects of climate change on soil erosion and
sediment yield. The influence of climate change on
suspended sediment transport in Danish rivers was
studied by Thodsen et al. (2008) using the HIRHAM
regional climate model. Results incorporating pro-
jected changes in land use/land cover for the period
2071–2100 showed an increase in suspended sedi-
ment transport in the winter months as a result of
the increase in river discharge, and decreases during
summer and early autumn months. Phan et al.
(2011) used the SWAT model to simulate the
impacts of climate change on stream discharge and
sediment yield from the Song Cau watershed in
Vietnam. The results showed that the highest
changes in stream discharge (up to 11.4%) and sedi-
ment load (up to 15.3%) can be expected in wet
seasons in the 2050s according to the high-emission
scenario (A2), while for the low-emission scenario
the corresponding changes are 8.8% and 12.6%. Li
et al. (2011) using SWAT model simulations in the
lower Pearl River basin, South China, concluded that
a 3°C increase in average annual air temperature
would increase the sediment load by about 13%.

Mukundan et al. (2013) used the SWAT-water bal-
ance (SWAT-WB) model and nine GCMs to simulate
potential climate change impacts on soil erosion and
suspended sediment yield in the Cannonsville
watershed, in New York City. Analysis of seasonal
changes showed that future climate-related changes
in soil erosion and sediment yield were more signif-
icant in the winter due to a shift in the timing of
snowmelt and also due to a decrease in the propor-
tion of precipitation received as snow. Although an
increase in future summer precipitation was pre-
dicted, soil erosion and sediment yield appeared to
decrease owing to an increase in soil moisture deficit
and a decrease in water yield due to increased eva-
potranspiration. Shrestha et al. (2013) evaluated the
impact of climate change on sediment yield in the
Nam Ou basin located in northern Laos using future
climate data from four GCMs and SWAT. Study
results showed that the changes in annual stream
discharges are likely to range from a 17% decrease
to a 66% increase in the future, which will lead to
predicted changes in annual sediment yield ranging
from a 27% decrease to about a 160% increase.

The above studies indicate that watershed processes
are very sensitive to changes in precipitation and
temperature, and the intensity and characteristics of
the impact can vary significantly from region to
region. Considering all regions of the world are
expected to experience a net negative impact due to
climate change, quantifying hydrological impacts will
be valuable in understanding and predicting sediment
yield and discharge processes. Understanding the
potential future changes in sediment load also should
be seen as an important requirement for sound river
basin management. Therefore, in this study we aimed
to evaluate the potential impacts of climate change on
streamflow and sediment yield in the Gorganroud
River basin in northern Iran. For this the SWAT
model and climate change projection from three
GCMs (CGCM2, CSIRO2 and HadCM3) for the
time period 2040–2069 under the A1F1, A2 and B1
GHG emissions scenarios were used. The wide range
of SWAT applications demonstrates that the model is
a flexible and robust tool that can be used to simulate
a variety of watershed problems. Hence, SWAT was
selected for this study because of its ability to simulate
regional water flow at a watershed scale and to pro-
vide effective results. This paper contributes to the
scientific understanding of changing sediment yield
and streamflow and offers baseline information for
adaptive soil and water resource management in a
changing climate.
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Material and methods

Study area

The 7 138 km2 Gorganroud River basin is located in
the North of Iran, between 36° 43′–37° 49′ N and 54°
42′–56° 28′ E (Fig. 1). The watershed has a general
slope to the north west. Agriculture, range lands and
forests dominate the land use. The elevation ranges
from 10 m at the outlet to 2898 m at the top of the
highlands in the south west of the watershed. Using De
Martonne’s aridity index, which is the ratio between
the mean annual values of precipitation (P) and tem-
perature (T) plus 10°C (De Martonne 1926), the cli-
mate in the Gorganroud is semi-arid in the eastern and
wet in the western parts. The annual rainfall varies
from 231 mm to 848 mm. The minimum and max-
imum temperatures in the basin are 11°C and 18.1°C,
respectively. Annual streamflow in the Gorganroud
station located at the outlet is 14.3 m3/s, varying from
3.2 m3/s in March to 41.8 m3/s in September. The
watershed geology in the mountain area generally con-
sists of Jurassic limestone, schist and loess deposits.
The western part of the watershed is underlain by the
Quaternary deposits in the lower reaches of the main
river. Soil erosion and high sediment yields, floods and
debris flow are serious problems in the Gourganroud
river basin. High rainfall events where soils are sensi-
tive to erosion combined with intensive land use
change (from range lands and forest to dry lands)
have caused more runoff and subsequently high soil
losses and sediment yield in the watershed
(LarConsultingEngineering 2007).

The SWAT model

The SWAT is a physical-process-based model which
simulates continuous-time landscape processes at a
catchment scale (Arnold et al. 1998). In SWAT, each
watershed is divided into hydrological response units
(HRUs) based on soil type, land use and slope classes
which allows a high level of spatial detail simulation.
The major model components include hydrology,
weather, soil erosion, nutrients, soil temperature,
crop growth, pesticides, agricultural management
and stream routing. The model predicts the hydrology
at each HRU using a water balance equation, which
includes daily precipitation, runoff, evapotranspira-
tion, percolation and return flow components. The
surface runoff is estimated in the model using two
options: (a) the Natural Resources Conservation
Service Curve Number (CN) method, and (b) the
Green and Ampt method. The percolation through
each soil layer is predicted using storage routing tech-
niques combined with a crack-flow model. The eva-
potranspiration is estimated in SWAT using three
approaches: (i) Priestley-Taylor, (ii) Penman-
Monteith and (iii) Hargreaves. The flow routing in
the river channels is computed using the variable
storage coefficient method, or the Muskingum
method (Arnold et al. 1998). The SWAT model simu-
lates soil erosion and sediment export from hillslopes
as well as in-stream channel processes. Erosion caused
by rainfall and runoff is calculated with the modified
universal soil loss equation (MUSLE) (for more details
see Neitsch et al. 2005).

Figure 1. Location of the Gorganroud watershed in Iran.
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Input data and model set-up

Hydro-climatological and topographical data were
obtained from various sources for calibration and
validation of the hydrological model. The land-use
map extracted from Landsat thematic mapper (TM)
satellite imagery with a resolution of 30 m was further
interpreted based on field investigation. The map
represents seven different land-use classes. The soil
map was obtained from the Iranian Ministry of
Agriculture. It has a spatial resolution of 1:250 000
and includes a set of physical and chemical soil prop-
erties for different layers of the soil. The watershed
area of the Gorganroud was delineated and discretized
into subbasins using a 90-m digital elevation model
(http://srtm.csi.cgiar.org). Daily observed climate data
including daily precipitation and temperature were
obtained for 15 stations from the Iranian
Meteorological Organization and the WRMO of
Iran. River daily discharge data required for calibra-
tion/validation were obtained from the WRMO of
Iran. The monthly discharge data from eight hydro-
metric stations and the monthly sediment loads pre-
dicted by a rating curve as a function of mean daily
streamflow for 23 years were used for model calibra-
tion and validation. Using the above data a threshold
value of 5000 ha was selected to delineate the
watershed area. Five slope classes including 0–5,
5–12, 12–30 and 30–60 were used in the HRU defini-
tion. With these specifications a total of 79 subbasins
and 554 HRUs were delineated in the study area.

Calibration and sensitivity analysis

Uncertainty and sensitivity analysis were performed
using the Sequential Uncertainty Fitting Program
(SUFI-2) in the SWAT-CUP package (Abbaspour
2007). In this algorithm, all uncertainties (parameters,
conceptual model, input, etc.) are mapped onto the
parameter ranges as the procedure tries to capture
most of the measured data within the 95% prediction
uncertainty (95 PPU). Two indices were used to quan-
tify the goodness of calibration/uncertainty perfor-
mance: the p factor, which is the percentage of data
bracketed by the 95PPU band (maximum value of
100%) and the r factor, which is the average width of
the band divided by the standard deviation of the
corresponding measured variable.

Model evaluation is essential to verify the robustness
of the model. To evaluate the performance of the
model for simulating discharge and suspended sedi-
ment, the following statistical parameters, which are
usually employed in hydrology, were calculated: the

Nash-Sutcliffe efficiency parameter (ENS; Nash and
Sutcliffe 1970) and the coefficient of determination
(R2). The ENS ranges from −∞ to 1, with 1 denoting a
perfect model agreement with observations:

ENS ¼
Pn

i¼1 Yi;sim � Yi;obs
� �2Pn

i¼1 Yi;obs � �Yobs
� �2 (1)

R2 ¼
Pn

i¼1 Yi;obs � �Yi;obs
� �

Yi;sim � �Ysim
� �� �2Pn

i¼1 Yi;obs � �Yi;obs
� �Pn

i¼1 Yi;sim � �Y sim
� �2

(2)

where n is the number of observation/simulation data
for comparison, Yi;obs and Yi;sim are observed and simu-
lated data, respectively, for each time step i (e.g. day or
month), and �Yi;obs and �Yi;sim are the mean values for
observed and simulated data during the examination
period. The ENS indicates how well the plot of observed
values vs simulated values is close to the 1:1 line and
thus provides an overall indication of goodness of fit;
R2 is the proportion of variation explained by fitting a
regression line and is a measure of the strength of a
linear relationship between simulated and observed
data. We considered 1979–1994 and 1972–1978 as the
simulation periods for calibration and validation,
respectively. The first 3 years were considered as a
warm-up period in which the model was allowed to
initialize and approach reasonable initial values for
model state variables.

Future climate data

We used 0.5° grids of future climate data available
through the Climatic Research Unit of the University
of East Anglia (http://www.cru.uea.ac.uk) that are
downscaled using the time series of global warming
from five GCMs and the observed records (Mitchell
et al. 2004). We used the data of three GCMs: CGCM2
(coupled global climate model) from the Canadian
Centre for Climate Modelling and Analysis; HadCM3
from the Hadley Centre for Climate Prediction and
Research; and CSIRO2 from the Australian
Commonwealth Scientific and Industrial Research
Organization. Scenarios with the highest (A1FI sce-
nario—970 ppm by 2100), lowest (B1 scenario—550
ppm by 2100) and plausible (A2 scenario—845 ppm
by 2100) projected CO2 concentrations were chosen for
this study. The monthly maximum temperature, mini-
mum temperature and precipitation are available at
global coverage from 2001 to 2100 (Mitchell et al.
2004).

Emissions scenarios used in this study are not spe-
cific predictions of future climate but are plausible
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alternative futures. The A1FI scenario assumes a future
world of very rapid economic growth, global popula-
tion that peaks mid-century and declines thereafter,
and rapid introduction of new and more efficient tech-
nologies. The B1 scenario assumes a convergent world
with the same low population growth as in the A1
scenario, but with rapid changes in economic struc-
tures toward a service and information economy with
reductions in material intensity and the introduction of
clean and resource-efficient technologies. The A2 sce-
nario assumes slow development of alternative fuel
technologies and prominent fossil fuel usage. We used
three scenarios and three GCMs published by the IPCC
(IPCC 2007) covering a wide range of uncertainty in
global warming in the 21st century. Climate change
scenarios were developed using downscaled monthly
average precipitation and monthly mean temperature
data. The historical baseline time period for compar-
ison of the downscaled climate data with the observed
data of precipitation and temperature stations was
1971–2000. (Woznicki et al. 2011).

In this study the GCM grid box data were spatially
interpolated to the target station using the inverse
distance-weighted (IDW) interpolation method using
four neighbouring cells. Taking the centre as the grid
point for each grid box, we used the following equation
to calculate values for each site based on its distance to
the geographical centres of the four nearest GCM grid
cells:

Si ¼
X4
k¼1

1
dmi;k

X4
j¼1

1
dmi;j

 !�1

Pk

" #
(3)

where Si is the downscaled site-specific GCM projec-
tion at site i, Pk is the GCM projection at the cell k, di,k
is the distance between site i and the centre of cell k
and m = 3 (Liu and Zuo 2012). Then we used the
change factor (CF) method (Chen et al. 2011) to gen-
erate climate change scenarios for 2040–2069. The CF

method involves adjusting the observed daily tempera-
ture (Tobs,d) by adding the difference in monthly tem-
perature predicted by the climate model (GCM or
RCM) between the future horizon and the reference
period (TCM,fut,m TCM,ref,m) to obtain daily temperature
at the future horizon (Tadj,fut,d) (equation (4)). The
adjusted daily precipitation for the future horizon
(Padj,fut,d) is obtained by multiplying the precipitation
ratio (PCM,fut,m/PCM,ref,m) with the observed daily pre-
cipitation (Pobs,d) (equation (5)).

Tadj;fut;d ¼ Tobs;d þ �TCM;fut;m � �TCM;ref ;m
� �

(4)

Padj;fut;d ¼ Pobs;d �PCM;fut;m=�PCM;ref ;m
� �

(5)

Finally, daily data for each GCM under different emis-
sion scenarios were developed for each meteorological
station and fed into the calibrated and validated SWAT
model to project the watershed-scale changes in hydro-
logical components in the 2040–2069 period.

Results and discussion

Model calibration and verification

The SWAT model was calibrated based on daily mea-
sured discharge at eight stations and sediment data at
six stations within the watershed. Sensitivity analysis
using SUFI-2 in the SWAT-CUP was first performed
through evaluating the effect of parameters on the
performance of the SWAT model in simulating sus-
pended sediment and runoff. Primary results showed
that performances of single-gauge calibration were bet-
ter than multi-gauge in the Gorganroud watershed.
Therefore, sensitivity analysis, calibration and valida-
tion of the SWAT model were performed for each
station separately. Figures 2 and 3 compare graphically
measured and simulated monthly streamflow and sedi-
ment yield values with the 95PPU band for the calibra-
tion and validation period at the Ghazaghli station
located near the main outlet.

Figure 2. Comparison of the observed, best simulation and 95% prediction uncertainty band for streamflow in Gazaghli station.
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In addition to the visual comparisons and evalu-
ating the model performance (Figs 2 and 3), numer-
ical criteria including ENS, R

2, p factor and r factor
are presented in Table 1. The ENS for the calibration
and validation periods was 0.77 and 0.76 respectively
for streamflow in the Ghazaghli station. These results
indicated a close relationship between simulated
monthly streamflows with measured values. The
ENS for upstream stations was not very good except
Arazkoose which is located near the main outlet. The
conceivable reason contributing to this result may be
a weakness of SWAT in simulating the snow melt
process in upland areas (Rostamian et al. 2008). In
general, based on monthly ENS values for the calibra-
tion and validation periods and the performance
ratings of Moriasi et al. (2007) SWAT’s performance
in simulating streamflow was considered “very good”
for the main station.

SWAT’s performance in simulating sediment yield
was “satisfactory” in all of the stations based on
monthly ENS values, except for the Lazoreh for which
the performance was “unsatisfactory” (Table 2). In
general, the model performance in simulating sediment
response was not as good as with stream discharge. The
poor model performance in predicting high sediment
loads might be attributed to errors in the observed
sediment yield data, especially during high flows, and
to the models that were used for driving daily sediment
yield data from daily discharge. The use of MUSLE in
SWAT for simulating sediment also has limitations.
Development of the model for annual soil loss from
agricultural fields, deriving topographic factor (LS)
from DEM, and inadequate description of the channel
routing process may be sources of errors (Phan et al.
2011, Shrestha et al. 2013). It can be also noted that
errors in streamflow prediction could cause the

Figure 3. Comparison of the observed, best simulation and 95% prediction uncertainty band for monthly sediment yield in Gazaghli
station.

Table 1. Monthly model calibration and validation statistics for stream discharge.
ID in Map Station Calibration Validation

p factor r factor R2 ENS p factor r factor R2 ENS
q005 Tamar 0.63 1.31 0.55 0.49 0.67 1.12 0.49 0.44
q001 Tangrah 0.60 0.89 0.58 0.57 0.52 1.3 0.46 0.44
q011 Gonbad 0.82 1.37 0.73 0.66 0.73 0.98 0.59 0.58
q023 Ghazaghli 0.77 1.17 0.78 0.77 0.76 1.17 0.71 0.70
q019 Arazkoose 0.71 1.23 0.77 0.77 0.70 0.85 0.65 0.65
q007 Galikesh 0.58 0.73 0.5 0.5 0.56 0.67 0.38 0.37
q013 Lazoreh 0.55 0.50 0.58 0.52 0.7 0.7 0.5 0.49
q015 Pasposhteh 0.71 0.79 0.7 0.69 0.58 0.6 0.55 0.54

Table 2. Monthly model calibration and validation statistics for sediment yield.
ID in Map Station Calibration Validation

p factor r factor R2 ENS p factor r factor R2 ENS
s005 Tamar 0.54 0.99 0.53 0.46 0.65 0.74 0.74 0.74
s011 Gonbad 0.26 0.33 0.58 0.44 0.27 0.36 0.37 0.29
s023 Ghazaghli 0.62 0.33 0.64 0.61 0.68 0.43 0.55 0.51
s019 Arazkoose 0.55 0.10 0.31 0.11 0.54 0.28 0.44 0.43
s007 Galikesh 0.64 1.39 0.37 0.26 0.64 1.65 0.28 0.25
s013 Lazoreh 0.87 1.38 0.52 0.52 0.48 12.84 0.23 −1.23
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discrepancy observed between measured and simulated
sediment loads. Overall the model’s performance for
simulating sediment yield and streamflow was consid-
ered satisfactory for conducting the climate change
assessment.

Climate change impacts on temperature and
precipitation

Mean annual rainfall for all climate stations during the
baseline 30-year period (1970–2000) was 553.1 mm
and the minimum and maximum yearly rainfall
amounts were 320.6 and 856.1 mm, respectively. The
average minimum and maximum daily temperatures
were 23.0 and 8.5°C, respectively. In Fig. 4 we com-
pared the predicted long-term average precipitation
with the historical data for different scenarios. As
shown, major changes occur in the spring season
(April–June). Figures 5 and 6 show average monthly
changes in maximum and minimum temperatures,
respectively. Increases in temperature in 2040–2069
for Tmax in A1F1, A2 and B1 scenarios are 3.3, 2.9
and 2.2°C and for Tmin are 3.1, 2.1 and 2.7°C, respec-
tively. Monthly variation in temperature in Fig. 5

shows that the maximum increases for Tmax were pre-
dicted in May and June and the minimum increases
were predicted in April and November. Whereas max-
imum increases for Tmin were predicted in August,
September and May, and minimum changes were pre-
dicted in November (Fig. 6). In general, all projections
showed an increase in temperature over the basin.

Impact of climate change on stream flow

Simulation results projected a decrease in annual
streamflow from 14.2% in the A2 scenario of CSIRO2
to an increase of 21.8% in the B1 scenario of HadCM3
for 2040–2069. But in general, the climate change
impacts showed an increase in streamflow for this
period which has a different temporal pattern in
monthly scale depending on the individual scenario
and model (Table 3). Average change in annual
streamflow in the main outlet was 5.8%, 2.8% and
9.5% for the A1F1, B1 and A2 scenarios, respectively.
The study conducted by Abbaspour et al. (2009) also
reported that climate change may cause more frequent
and larger-intensity floods in the wet regions of the
country such as Gourganroud in the North of Iran.

Figure 4. Comparison of average observed monthly precipitation for three GCMs for A1F1 scenario (left) and B1 scenario (right).

Figure 5. Comparison of maximum temperatures for three GCMs for A1F1 scenario (left) and B1 scenario (right).
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Monthly variations showed that the increase in dis-
charge is more pronounced in March and April and the
decrease is more pronounced from the middle of
spring until late summer (July–September) (Table 3).
Overall, our results showed an increase in annual
streamflow which does not occur in dry seasons.
Increases in streamflow in wet seasons and decreases
in dry seasons were concluded by Rahman et al. (2012),
Yu and Wang (2009), Phan et al. (2011) and Shrestha
et al. (2013) in different regions. A similar study by
Faramarzi et al. (2013) for the continent of Africa
showed that the mean annual quantity of water
resources is likely to increase, but variations are sub-
stantial for individual subbasins and countries. Chang
and Jung (2010) and Wu et al. (2012) also reported that
runoff and water yield would increase in spring and
substantially decrease in summer.

Figure 7 presents the streamflow probability for the
base line and GHGs scenarios for 10 streamflow
classes. Study results indicated that climate change
may increase the high flows in the region. As shown
in Fig. 7, the probability of occurrence of high values in
the 10th class (more than 41.8 m3/s) from the 0.3%
baseline has reached 4.9%, 3.3% and 4.1% for the A1F1,
A2 and B1 scenarios, respectively, for the period of
2040–2069. Whereas, the probability of occurrence for
the most minimum streamflows (less than 7.9 m3/s)
will decrease in this period. These results clearly

indicate that climate change will threaten water secur-
ity with more floods and severe scarcity through
droughts. Increases in the high flows were also
reported in Brazil (Perazzoli et al. 2012) and in India
(Gosain et al. 2006).

Impact of climate change on sediment yield

Prediction of different GCMs showed an increase in
sediment yield. This increase varied from nearly 1%
(CSIRO2-B1) to 83.9% (CGCM2-A1F1) for annual

Table 3. Predicted relative changes (percent of baseline levels) in monthly streamflow by different GCMs.
Model—scenario Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average

CGCM2-A1F1 −3.4 −1.0 50.4 59.6 22.1 17.7 −5.5 −15.9 −15.8 −12.0 −2.0 −6.8 19.5
HadCM3-A1F1 −11.9 18.2 9.6 −3.9 −31.5 −33.5 −42.5 −32.8 −11.2 1.9 −15.1 −38.3 −8.9
CSIRO2-A1F1 5.1 −6.7 12.3 25.7 2.8 1.6 −9.0 −16.4 −20.6 −6.4 22.2 22.0 6.9
CGCM2-B1 −17.0 −5.5 23.9 42.1 25.1 23.2 11.8 0.9 2.4 10.8 0.3 −16.7 11.9
HadCM3-B1 10.1 9.0 28.8 41.2 24.7 25.9 36.0 13.3 −4.7 9.8 19.0 12.9 21.8
CSIRO2-B1 −3.5 −7.9 4.0 4.5 −20.0 −20.7 −34.2 −30.6 −32.7 −11.6 22.4 11.8 −5.4
CGCM2-A2 −5.2 −2.6 42.2 54.1 21.0 16.5 −4.6 −17.5 −14.8 −8.4 −0.6 −8.7 16.5
HadCM3-A2 23.4 4.4 10.7 7.6 −22.5 −24.8 −33.3 −28.2 −16.2 26.4 66.7 46.6 6.2
CSIRO2-A2 −12.3 −13.7 −5.8 −6.6 −28.0 −27.6 −36.0 −27.7 −26.8 −13.7 −4.7 −5.4 −14.2

Figure 6. Comparison of minimum temperatures for three GCMs for A1F1 scenario (left) and B1 scenario (right).

Figure 7. Streamflow probability for base line and GHGs sce-
narios in different GCMs.
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sediment yield (Table 4). In general, the impact of
climate change in increasing of sediment yield in the
2040–2069 period was 47.7%, 44.5% and 35.9% for the
A1F1, A2 and B1 scenarios, respectively. The increase
in sediment yield as a result of climate change was also
mentioned by Favis-Mortlock and Guerra (1999),
Perazzoli et al. (2012) and Nearing et al. (2005).
Monthly variation showed that the increase in sedi-
ment yield in March was the highest with values of
149.2%, 129.4% and 121.9% for the A1F1, A2 and B1
scenarios, respectively. It should be noted that maxi-
mum increase in heavy rainfall and extreme events was
also predicted in March. Hence, the relative change
predicted by the models is reasonable. Overall, differ-
ent models predicted an increase in sediment yield for
all months except May and June.

A comparison of sediment yield predictions and
stream discharge predictions for 2040–2069 indicated
that the average change in stream discharge for the
A1F1, A2 and B1 scenarios were 5.8%, 2.8% and
9.5%, respectively, whereas sediment yield changes
were 47.7%, 44.5% and 35.9%, respectively. These
results indicated that the impact of climate changes
on sediment yield is greater than on streamflow. The
relationship between sediment yield and streamflow is
usually defined as a power function (Crawford 1991).
Considering that the more frequent and larger-inten-
sity floods are prominent features of climate change in
the North of Iran, sediment yield changes will be
greater than streamflow. The high sensitivity of sedi-
ment yield and discharge were also concluded by
Zhang et al. (2012) and Nunes et al. (2009).
Therefore climate change impacts on stream discharge
and sediment yield may be more significant although
these impacts may not be significant for rainfall and
temperature.

Figure 8 presents the sediment yield probability for
the base line and GHGs scenarios. As shown, the
probability of occurrence of high values (last class)
from 0.3% for the baseline has reached 5.2%, 4.1%
and 4.4% for the A1F1, A2 and B1 scenarios, respec-
tively, for 2040–2069. An increase in high values of

sediment yield was also reported by Perazzoli et al.
(2012) in Brazil.

Conclusion

This study assessed the impact of climate change on
streamflow and sediment yield in the Gorganroud
River basin in the North of Iran. The SWAT hydro-
logical model was used to simulate streamflow and
sediment yield and the SUFI-2 algorithm in the
SWAT-CUP program was used for parameter opti-
mization. Calibration, validation and uncertainty ana-
lysis for both discharge and sediment were generally
satisfactory. We used the projections from different
climate-change models under different emission sce-
narios and fed them into the calibrated SWAT model
to simulate future changes in discharge and sediment
yields due to climate change. Results indicated that
differences between the climate model projections in
streamflow and sediment yields are high. The study
results for 2040–2069 compared with the present
climate show increases in annual streamflow of
5.8%, 2.8% and 9.5%, and increases in sediment
yield of 47.7%, 44.5% and 35.9% for the A1F1, A2
and B1 scenarios, respectively. This implies that
probability of higher increase of sediment yield

Table 4. Predicted relative changes (percent of baseline levels) in monthly sediment yield by different GCMs.
Model—scenario Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave.

CGCM2-A1F1 41.4 13.7 286.3 156.0 −48.9 −0.8 −24.2 43.1 38.1 42.9 68.6 6.2 83.9
HadCM3-A1F1 106.7 84.9 49.9 −29.5 −70.5 −49.0 29.0 −39.8 102.4 28.8 1.6 −66.0 25.9
CSIRO2-A1F1 21.8 −22.0 111.5 71.0 −50.6 −39.6 1.3 −35.2 36.7 40.5 125.7 28.4 33.3
CGCM2-B1 31.0 5.2 226.7 141.1 −51.7 −32.6 −29.6 9.3 53.4 32.2 30.6 −4.8 62.9
HadCM3-B1 67.9 −4.8 106.5 −6.3 −69.8 −41.5 19.8 −35.0 80.3 183.2 213.8 71.8 43.9
CSIRO2-B1 0.4 −16.6 54.4 −27.0 −55.2 −45.2 8.6 −29.6 25.9 37.5 45.3 −1.2 0.9
CGCM2-A2 2.8 30.9 132.0 153.8 −19.0 −26.4 −2.1 5.3 50.1 60.2 23.8 −23.1 48.7
HadCM3-A2 47.4 16.5 125.3 116.4 −19.3 −27.7 65.6 −45.5 43.5 61.4 80.2 21.2 54.7
CSIRO2-A2 27.1 −1.4 108.3 12.2 −55.7 −33.0 5.2 −25.5 25.0 78.6 140.1 14.4 30.0

Figure 8. Sediment yield probability for base line and GHGs
scenarios in different GCMs.
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compared with water flow is high and that the impact
of climate changes on sediment yield is greater than
on streamflow. Monthly variations showed that the
increases in discharge and sediment yield were more
pronounced in the wet seasons and decrease in sum-
mer (July–September). The results of this study may
be helpful to decision makers and other stakeholders
for adaptive soil and water resource management
practices in a changing climate.
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