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Abstract
Assessment of land use change impacts on watershed hydrologic processes is of great importance to draw the attention of water
resource managers and policy makers for better planning and management of the shrinking resources for the survival of
surrounding population of the region. Chirah watershed is an important hydrologic unit which generates an average of 0.53
MCM water per day. Soan River originates from here, supplying an average inflow of 0.2 MCM day−1 to Simly Dam. Since a
couple of decades, rainfall variability coupled with growing population is threatening Soan River flows. Deforestation and land
use/land cover (LULC) changes have affected the natural pathways of water, decreased groundwater recharge, and triggered flash
floods. Therefore, the aim of this research was to assess the impact of LULC changes on the hydrologic processes of the
watershed using the Soil and Water Assessment Tool (SWAT), a hydrological model to propose management strategies.
LULC change assessment was carried out on Landsat-5 TM and OLI_TIRS images through ‘Supervised Classification’ at
four-time steps (1990, 1999, 2010, and 2016). Due to limited ground observations, corresponding Google Earth images were
used in mapping. The SWAT model was evaluated using the Nash-Sutcliffe efficiency (NSE) and relative volumetric error
(RVE) objective functions on monthly time steps. The NSE achieved during calibration and validation, 0.63 and 0.45, respec-
tively, indicates acceptable levels of model performance despite outliers in the hydro-meteorological dataset. Similarly, the RVE
was less than ±5% during both periods, indicating that the model simulated water balance reasonably well. Changes in LULC
resulted in alteration of all the hydrological parameters. Conversion of scrub thorny forest (14.74%) into built-up areas (9%)
resulted in higher imperviousness which triggered runoff to 24% and lowered groundwater recharge by 8% in 27 years indicating
that the hydrologic regime is sensitive to LULC changes.
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Introduction

Water is an essential renewable resource for all life on Earth. It
makes our natural landscapes alive. Globally, climate change
coupled with growing population is posing a serious threat to

fresh water resources. One of the major impacts of climate
change is a change in rainfall patterns and consequently, dis-
turbance of the hydrological cycle (King et al. 2009).
Moreover, as the population is growing, the unplanned pro-
cess of urbanization is becoming a serious threat to the natural
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landscape (Mount et al. 2008) resulting in negative impacts on
water resources especially in the developing water-scarce
countries (Tessema 2011).

Like other parts of the world, Pakistan also faces water
shortage; being an agrarian country (22% GDP) and highly
populated (212 million) (TheWorld Bank 2018) this stress on
its fresh water resources is increasing with the passage of time
(Ahsan et al. 2016). In the Monsoon season, there are flash
floods which take water away to the Arabian Sea and in rest of
the year country faces water shortage (Mustafa et al. 2017).

Since last several decades, rainfall variability coupled with
growing population is posing a serious threat to Soan River
stream flows. Shifting of urban sprawls to Chirah watershed
and survival on its soil and forestry resources have resulted in
negative impacts on its water resources. Moreover, the defor-
estation, urban growth, and land cover changes have affected
the natural pathways of water, decreased groundwater re-
charge, and triggered flash floods (Ashraf 2013; Ashraf et al.
2016). The removal of forest cover from steep slopes due to
ineffective forest management and forest disease, etc., can
potentially accelerate surface erosion and drastically increase
the frequency of land sliding and surface runoff (Ashraf
2013). This situation requires profound assessment of land
cover change impacts on hydrologic processes of the water-
shed to draw the attention of water resource managers and
policy makers for sustainable planning and management of
this shrinking resource for the survival of surrounding popu-
lation of this region.

According to several studies (e.g., Wijesekara et al. 2012;
Baker and Miller 2013; Zhou et al. 2013; Zhang et al. 2015)
in continuous changing climatic conditions, land use/land
cover (LULC) governs the hydrological regime and can alter
water resources through biophysical and biogeochemical pro-
cesses in the soil. Furthermore, due to land cover changes, the
biophysical and morphological characteristics of the vegeta-
tion have been altered which thus affect the exchange of water
between the atmosphere and land surface (Dos Santos et al.
2014). Therefore, for long-term sustainable planning of water
resource, a profound assessment of land use change impacts
on watershed hydrologic processes in the region is of great
importance (Ahmad et al. 2015). According to the literature
review so far, limited research has been undertaken in this
aspect on the study area.

Ghoraba (2015) estimated the monthly volume inflow to
Simly Dam using SWATmodel, and the model was calibrated
and validated with precipitation data, hence matched simulat-
ed discharge with precipitation data. LULC thematic map for
model input was also taken from the Global Land Cover 2000
(GLC-2000), Global Vegetation Monitoring Unit of the
European Union (EU-GEM). It was created in collaboration
with partners around the world using daily global data of 1-km
resolution obtained by the Vegetation sensor on-board SPOT
4 satellite (Bartholomé and Belward 2005). According to See

and Fritz (2006), in GLC-2000 the many regions are of
highest disagreement and when the hotspots were validated
using a higher resolution TM/ETM Landsat images, national
and regional data and any expert knowledge from the field
showed the higher discrepancy. Ahmad et al. (2015) only
developed a correlation between precipitation data of two cli-
mate stations, notably Murree and Islamabad, and
discharge data of Soan River, whereas Ashraf (2013)
and Ashraf et al. (2014) have carried out studies on
hydrologic behaviour under land cover change using
SWAT Model for adjoining watershed (Rawal water-
shed) which is sub-watershed of Soan watershed.

For this study, the SWAT (Arnold et al. 1998) model is
used. It represents the relationship between spatial and hydro-
logical features of the watershed (Al-Abed et al. 2005).
Therefore, it has frequently been employed to determine the
hydrological impacts of climate and LULC change for differ-
ent scaled watersheds across the world (Zhang et al. 2015;
Golmohammadi et al. 2014; Eduardo et al. 2016;
Francesconi et al. 2016; Hajihosseini et al. 2016). Thus, the
main motivation of selecting it was the study purpose and its
proven ability.

Chirah watershed is an important hydrologic unit which
generates averagely 0.53 MCM water per day. Soan River
originates from here and is a perennial river which supplies
on average of 0.2 MCM day−1 inflow to the Simly Dam,
which in turn supplies an average of 0.16MCMday−1 outflow
to the people living in Islamabad. In addition, the Soan River
also contributes an average of 0.33 MCM day−1 water
(WAPDA 2017) to the surrounding rural and urban popula-
tion for their survival and regional economic development.
Keeping in view the importance of this watershed, this study
is conducted to assess LULC changes and their impact on
watershed hydrology, specifically surface runoff and water
yield through SWAT hydrological modelling. Water yield is
one of the critical hydrologic process components which are
evaluated for sustainable water resource management of an
area. It is the aggregate of surface runoff, lateral or base flow,
and soil water recharge that leaves the HRU and enters the
main channel during the time step (Ayivi and Jha 2018). The
specific objectives are to (1) represent rainfall variability over
a period of 27 years (1990–2016), (2) identify the historical
changes in LULC dynamics over 27 years, and (3) assess the
response of hydrological and water balance components to
past and recent LULC scenarios of the study area.

Material and methods

Study area

The study area, Chirah watershed, is a sub-watershed of Soan
River watershed situated at 42-km distance in the northeast of
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Islamabad, Pakistan. It covers an area of approximately
337.85 km2 with latitude 33° 39′ 25″ N and longitude 73°
18′15″ E and varies in elevation from 491 to 2254 masl
(Fig. 1). The general topography of this watershed is moun-
tainous and varies from very steep slopes in the north to loess
plains in the south. Runoff generates fromMurree and Siwalik
mountain series of the study area and due to steep slopes is
very high and of the short period which transforms terraces
into deep gullied land and causes soil erosion and infertility
(Ashraf et al. 2017). It lies in sub-humid to humid sub-tropical
climate.Murree and Islamabad stations exhibit average annual
rainfall of 1748 and 1175 mm, respectively (Ahmad et al.
2015). The mean maximum and minimum temperatures range
from 17.6 to 40.1 °C and from 2.1 to 21.6 °C, respectively,
with the highest recorded temperature of 46.6 °C in 2005
(Ghumman 2011). Pine forests (xerophytic forests of thorny
and small-leaved evergreen species) and coniferous forests
(pure and mixed with hardwood species) from 1200 m to the
tree limit are found in the basin (Ashraf et al. 2014; Ashraf
et al. 2017).

Soan is approximately 250-km-long river and originates
near a small village named Bun in the foothills of Patriata
and Murree and ultimately discharges into the Indus River.

Hydrological modelling of the Soan River up to Chirah hy-
drological gauging station (337.85 km2 watershed area as de-
lineated by SWAT) is carried out. Simly Dam is an 80-m (263
ft) high earthen embankment dam situated at the upper junc-
tion of two main tributaries (Soan nullah and Khud nullah) of
Soan River (Fig. 1). It has a surface area of 1.96 km2 with a
total catchment area of 162.14 km2 and a gross capacity of 33
MCM (WAPDA 2017). Another catchment of Chirah water-
shed is the Ling river catchment having the rest of the area of
175.7 km2 of Chirah watershed. Ling river discharges in Soan
River near Dalla Chapar village which is gauged on Chirah
gauging, installed in Chirah village, at the downstream of
Soan River. The overflows through spillways of Simly dam
during monsoon season also discharge in Soan River that is
measured on Chirah gauging as well.

Hydro-meteorological data analysis

Consistency check of rainfall and discharge (streamflow) time
series

Twenty-seven years (1990–2016) observed daily time series
of rainfall and temperature (minimum and maximum) of two

Fig. 1 Location of Chirah watershed and elevation, river network, and hydro-meteorological gauges
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meteorological stations: Murree and Simly Dam provided by
Pakistan Meteorological Department (PMD) and Capital
Development Authority (CDA), respectively. were used.
Other meteorological data including relative humidity, solar
radiation, and wind speed were generated by SWAT’s auto-
weather generator. The consistency in rainfall data was
checked by the double mass curve of Murree versus Simly,
and by plotting rainfall cumulative data of individual stations,
the inconsistent values were found (Fig. 2 a and b). The one
each uncreditable rainfall value from 2002 and 2009 daily
time series of Simly station and one from 2005s of
Murree station (Fig. 3a) was replaced by model auto-
weather value (− 99.0). This value is put in weather daily time
series gaps to tell the model to fill the gap through the
automated weather generator (Shekhar and Xiong 2008).

The water yield which this watershed generates leaves the
watershed via two outlets: Simly Dam filtration plant (FP) and
Chirah gauging. Hydrological data of Simly Dam was provid-
ed by CDA and that of Chirah gauging by Water and Power
Development Authority (WAPDA), Pakistan. Few outliers
were also found in the Chirah gauging observed discharge
daily time series but left as original (Fig. 3b). The location
of the hydro-meteorological stations is shown in Fig. 1.

LULC change assessment

Pre-processing of Landsat images

Four images (1990, 1999, 2010, and 2016) of Landsat-5 TM
and Landsat-8 OLI_TIRS with minimal number of Julian cal-
endar day number difference (from 2 to 15 days) of the study
region segregated on decadal basis were analysed. Automatic
radiometric calibration on each band of all selected images
followed by atmospheric correction through dark sub-
tract method (Lu et al. 2002) by ‘minimum band value’
algorithm to enhance the reflectance characteristics of

the land cover classes like vegetation and baresoil in
ENVI software was carried out.

LULC (supervised) classification

The LULC classification was carried out by ‘Supervised
Classification’ using Maximum Likelihood Classifier (MLC)
in ERDAS Imagine 2016. For the MLC, individual training
sample/signature file for each image was prepared. Except for
a few GPS reference points (Fig. 4a) collected by the National
Agricultural Research Centre, Pakistan, in 2000, no past
(historical) photographs or other reference material of study
area were available; therefore, historical images of the corre-
sponding period (nearest same month and year) from Google
Earth (GE) were used as a surrogate of ground observations.
For each land cover class, up to 4/5 representative training
samples/spectral classes were taken, thus, up to 36 spectral
classes for 7 to 8 land cover classes: Agriculture, Baresoil,
Built-up, Rangeland, Pine (evergreen) forest, Scrub (mixed)
thorny forest, Snow, and Water were taken.

These sample classes were evaluated by two methods: fea-
ture space classes (bands 3 and 4 and bands 2 and 5) and
statistics (large standard deviation), as in band 4 the agricul-
tural area and in band 5 the baresoil patches give high reflec-
tance. The land cover classes which had large standard devi-
ation were deleted or merged into the same land cover class,
hence, minimizing the deviation. The inter-confusing land
cover classes were verified and improved by place-marks de-
veloped by high-resolution Google Earth (GE) released im-
ages (Fig. 4b). GE released images are gaining recognition as
directly or ancillary data in regional LULC mapping for those
classes which require fine spatial resolution. Robson et al.
(2016) used it as ancillary data for ‘fruit quality mapping
and tree number auditing’; another research by Hu et al.
(2013) has also proved its strong potentials in LULCmapping
similar to QuickBird (QB).

Fig. 2 Consistency check in rainfall time series by double mass and cumulative data
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The classification accuracy of all the four thematic
maps was assessed by visual appraisal ‘looks good’ ap-
proach (Foody 2002) using GE place-marks; as suggested
by Hsiao and Cheng (2016) and Foody (2002) that if the
sites for ground data collection are not accessible, then
high-quality fine spatial resolution images of an appropri-
ate date could be employed as a surrogate of ground ob-
servations; however, statistical assessment of classifica-
tion accuracy can be a challenge. Foody (2002) also sug-
gested that a classified map may be considered accurate if
it gives an unbiased representation of the land cover of a
region. In addition, 3 LULC classes (agriculture, range-
land, and forest) of the 1999 thematic map were also

evaluated by confusion matrix against ground data of
2000 which gave the overall classification accuracy of
81.8% with Kappa statistics 0.64, thus proved the poten-
tial of GE images as ancillary data in LULC mapping.

Stream flow impact assessment using SWAT model

Model setup and conceptual structure

Thematic maps required by SWAT model included the fol-
lowing: (1) digital elevation model (DEM) of SRTM (30-m
resolution) acquired from Space and Upper Atmosphere
Research Commission, Pakistan; (2) soil types map of

a GPS Reference Points b Place-marks by Google Earth imageries

Landsat-5 TM
28-02-1999

Landsat-5 TM
07-03-1990

Fig. 4 Evaluation of thematic maps by field points and place-marks developed by GE imageries. (a) GPS Reference Points, (b) Place-marks by Google
Earth imageries

Fig. 3 Detection of erratic values in rainfall and discharge time series
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1:0.05 M supplied by Soil Survey of Pakistan; and (3) LULC
maps (detail is mentioned in ‘LULC change assessment’)
were prepared. DEM is an essential input of SWAT hydrolog-
ical modelling (Dos Santos et al. 2014). Through it, SWAT
delineated watershed boundary, 18 sub-basins, stream net-
work (reaches and longest flow path), and 17 outlets.
Simly Dam as a reservoir and two outlets, as mentioned
above, were manually added to it. On the basis of ho-
mogeneous land cover, soil, and slope, 18 sub-basins
were further divided into 137 HRUs. Snow class was
only found in the 1990 image; therefore, in this image 8
classes were developed. According to the LULC classes
and the selected flow type (overland flow), SWAT cal-
culated roughness coefficient automatically. For the
quick view of the methodology followed, the flowchart
has also been drawn (Fig. 5).

Parameter input (databases) and calibration

Calibration of model parameters was done using LULC_1990
against 6-year (1996–2001) discharge data of above

mentioned two outlets by trial and error method. Since the
SWAT model is used for many applications, it has many pa-
rameter tabs (windows). Depending on the study objectives,
we dealt only with the following related ones:

Soils (.Sol), groundwater (.Gw), HRUs (.Hru), and man-
agement (.Mgt) parameters

Soil parameters play an essential role in SWAT model
performance; initial values were input from literature and
optimized through trial and error method. According to
Rehman et al. (1997) the soil of the study area falls in the
normal soil group (non-saline and non-sodic) and generally
has a depth below 120 cm. The normal soils range in texture
from sandy clay to sandy clay loam with hydraulic conductiv-
ity ranging between 11 and 14.5 cm day−1. The soil texture of
the study area was selected as ‘sandy clay loam’.

For Groundwater (.Gw) parameters, default values
were optimized. In the HRU (.Hru) parameter tab, since
the study area has steep slopes, the average slope length
was set as 70 m and the 1990s image used as a base
map. The maximum canopy storage was therefore cali-
brated as a maximum value of 90 mm.

Fig. 5 Flowchart of
the methodology followed in the
present
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In Management (.Mgt) parameter tab, the curve num-
ber (CN) values for LULC classes: Agriculture,
Baresoil, Built-up, Rangeland, and Water, were input
from Ahmad et al. (2015); whereas for Pine (evergreen),
Scrub (mixed) thorny forest, and Meadow grasses
(Snow), calibrated values were used. CN is a watershed
coefficient and indicates the runoff potential of the wa-
tershed based on the watershed hydrological condition,
land use treatment, and soil moisture condition
(Bansode and Patil 2014). For other Management
(.Mgt) parameters, optimized values were reached by
tuning up the default values.

Reservoir (Res.) parameters
Under the ‘Reservoir Data’ tab, all required parameters

related to Simly Dam were input. For reservoir emergency
surface area (RES_ESA (ha)) and reservoir principal sur-
face area (RES_PSA (ha)), the dam boundary was digi-
tized using the 1990 Landsat image. A table, under
‘RESDAYO Table’, containing 27-year daily Simly
Dam outflow (through FP (m3 s−1)) was uploaded and
other parameters were also input. Furthermore, 27-year
mean monthly minimum and maximum outflows (through
Simly Dam FP and spillway) and consumptive use (only
from Simly Dam FP) under reservoir, ‘Monthly Data’ tabs
were input, as shown in Table 1. Similarly, mean target
storage of 33 MCM for each month was also filled.

Model performance and validation

The Nash-Sutcliffe efficiency (NSE) and relative volumetric
error (RVE) objective functions were selected to quantify er-
ror in calibration and ultimately to evaluate model perfor-
mance. NSE is a commonly used objective function to depict
the overall fit of a hydrograph. It ranges between − α and 1,
best is 1, and values between 0.0 and 1.0 are considered as
acceptable levels of performance, whereas values < 0.0 indi-
cate unacceptable model performance (Moriasi et al. 2007).
Similarly, RVE ranges between −α and +α, 0% is considered
best, meaning that there is a perfect match between simulated
and observed volumes. A value less than + 5% or − 5% indi-
cates that the model performance is well, while values be-
tween ±5% indicate acceptable levels of performance or
agreement (Rientjes et al. 2013).

Validation of the calibrated model was carried out using
separate discharge data (2003–2014) for the four different
LULC maps with each 3 years’ discharge data on a
monthly time step as follows; due to uncreditable value
in 2002 rainfall daily time series of Simly station, as
mentioned in ‘Hydro-meteorological data analysis’, 2002
year was omitted from error quantification.

i. LULC_1990 for 3 years (2003–2005)
ii. LULC_1999 for 3 years (2006–2008)

Table 1 Simly Dam 27-year operational information on a mean monthly basis (m3 s−1)

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

Mean monthly max outflow 1.94 5.90 7.33 13.80 2.28 2.04 10.69 14.61 6.44 3.98 2.72 3.10

Mean monthly min outflow 0.76 0.76 0.65 0.04 0.60 0.62 0.79 0.52 0.88 0.80 0.75 0.75

Mean monthly consumptive use 1.12 0.99 1.14 1.06 1.19 1.18 1.30 1.35 1.34 1.35 1.20 1.18

Fig. 6 Characteristics of annual
rainfall and river flow patterns
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iii. LULC_2010 for 3 years (2009–2011)
iv. LULC_2016 for 3 years (2012–2014)

Once the model had been calibrated and validated, the four
LULCmaps (1990, 1999, 2010, and 2016) were uploaded one
after the other with no changes to the optimized parameter
sets. The change in the behaviour of the hydrological compo-
nents of study watershed was then assessed by comparing
their response with baselines (LULC_1990) using
SWAT model inbuilt water balance, surface runoff,
and water yield equations described by Ashraf (2013)
and Ayivi and Jha (2018).

Results and discussion

Hydro-climatic characteristics of the watershed

As a result of the droughts of 1997–2002, 2009, 2012, and
2016, the water yield from 1996 to 2001 and in respective
years became significantly low; however, high flood peaks
were observed during 2006, 2010, 2013, and 2015 at both
stations (Fig. 6). Such high flood frequency and magnitude
may be the consequent of land cover changes in study water-
shed (Ashraf et al. 2016) and rise in temperatures (maximum
and minimum) (Fig. 7). According to several studies (e.g.

Table 2 Mean annual rainfall (mm) variability at decadal basis (1990–2016)

Station 1990–1999 2000–2009 2010–2016 Diff. 1990–1999
and 2000–2009

Diff. 2000–2009
and 2010–2016

Diff. 1990–1999
and 2010–2016

Murree station 2033.0 1457.9 1674.3 − 575.2 216.4 − 358.8

Simly station 1229.0 1050.0 1225.0 − 179.0 175.0 − 4.0

Fig. 7 Variation in temperatures over a 27-year timespan
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Salma et al. 2012; Rahman et al. 2015; Ahsan et al. 2016)
yearly flood events were recorded from 2003 to 2008 follow-
ed by a super flood during 2010 in this region. The compari-
son between past and recent decadal precipitation at Murree
and SimlyMeteorological stations also depicts decreasing pat-
tern, more severe at Murree than at Simly station (Table 2).

LULC change assessment

In the three successive historical LULC maps: 1990, 1999,
and 2010, the most dominant group is of natural vegetation
consisted of scrub (mixed) thorny forest, pine (evergreen) for-
est, and rangeland representing 84.5%, 89%, and 80.8%, re-
spectively (Table 3). Whereas in LULC_2016 the same prom-
inent group accounts for 71.8% of the total catchment area
with the least coverage being scrub (mixed) thorny forest.
The reduction of 12.7% in natural vegetation is due to the
encroachment by urban (9%) and consequently agricul-
tural growth (2.8%), particularly in the southwestern
part of this catchment (Table 4 and Fig. 8). The scrub
(mixed) thorny forest reduced noticeably by 14.7% over
the catchment in 27 years due to the fact that it is
mostly found near the river path and natural streams
and therefore highly accessible. The boom in the built-

up area (7.9%) escalated after 2010, with the conse-
quence being a reduction (14%) in the scrub (mixed)
thorny forest.

Similarly, LULC change analysis by Ashraf et al. (2014)
showed reduction of scrub and conifer forest and expansion of
built-up, soil/rocks, and agriculture to a high degree in the
adjoining Rawal watershed; they mentioned that the
occupants have made this valuable resource their livelihood
besides using it for household needs, while IUCN (2005) re-
ported extensive illegal tree cutting in Murree sub-district due
to expansion in built-up area and conversion of forest cover to
farmhouses. Research by Butt et al. (2015) also suggested a
noticeable transformation of the natural vegetation of Simly
watershed to agriculture, soil/rocks, and built-up; they also
pointed to its extinction, so the results are in pretty close
agreements with past research carried out in this region.

The study area is rain-fed, with drought and flood being
common phenomena. The worst drought of Pakistan’s 50
years’ drought history caused by El-Nino development was
from 1998 to 2002. It began in 1997, got severe in 1997 and
peaked in 2000 till 2001 (Pakistan Weather Portal 2011;
Salma et al. 2012; Rahman et al. 2015). According to
Qureshi et al. (2010), during this period, the surface water
availability reduced by 26%; in addition, Economic Survey

Table 4 Characteristics of LULC
changes in Chirahwatershed from
1990 to 2016

LULC classes %Change

1990–1999 1999–2010 2010–2016 1990–2016

Agriculture − 1.13 4.11 − 0.18 2.81

Barelsoil − 4.00 3.32 1.58 0.91

Builtup area 1.00 0.17 7.87 9.05

Rangeland 1.45 1.00 2.11 4.56

Evergreen (Pine) − 1.10 − 4.45 3.05 − 2.50

Scrub thorny 4.16 − 4.76 − 14.14 − 14.74

Snow − 0.39 0.00 0.00 − 0.39

Water 0.00 0.62 − 0.57 0.04

Table 3 Different LULC
coverages in four consecutive
decades over the catchment

LULC coverage (%)

LULC classes 1990 1999 2010 2016

Agriculture 6.66 5.54 9.65 9.47

Bare soil 8.00 4.00 7.32 8.90

Builtup area 0.09 1.09 1.26 9.13

Rangeland 17.95 19.40 20.40 22.51

Evergreen (Pine) 33.17 32.07 27.62 30.67

Scrub rhorny 33.37 37.54 32.77 18.63

Snow 0.39 0.00 0.00 0.00

Water 0.36 0.36 0.98 0.41
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of Pakistan (2002) reported as well the consequential loss in
the agriculture sector in terms of growth performance and
contribution to the GDP by − 2.7% and − 0.7%, respectively.
Thus, the consequent impact of this catastrophic drought
(1997–2002) recorded at both (Murree and Simly) stations
and shown in Fig. 6, is also vivid in the agriculture class of
LULC_1999 (Fig. 8b). Due to this drought all agricultural
land was left fallow and in the image fallow-land and range-
land were giving spectral resemblance; thus, because of merg-
ing of fallow-land into rangeland, the rangeland in
LULC_1999 increased by nearest the same percentage as the
decrease in agriculture (Table 4).

Furthermore, Fig. 6 also shows a significant fall in annual
rainfall for the year 2009 at both stations. This observation is
supported by PakistanWeather Portal (2011) which reported a
drought between mid-2009 and mid-2010 in the upper parts of
Pakistan (e.g., Punjab, Khyber Pakhtunkhwa, Gilgit and
Kashmir) due to El-Nino development, which badly affected
India as well.

The water class coverage of 137.6 ha in LULC_2016 is in
close agreement with water class coverage (139 ha)
estimated by Butt et al. (2015) using Landsat image of 2012;
they also mention the reduction in Simly lake area by 9 ha
over 21 years (1992–2012). However, compared with

Fig. 8 LULC classes of Chirah watershed in four consecutive decades
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LULC_2010s, in LULC_2016 water class reduced to 0.57%,
such reduction may be the consequence of a significant drop
in the corresponding annual rainfall of 2016 (Fig. 6).
Furthermore, the snow coverage is seen in only
LULC_1990, whereas in the other three selected years it
completely disappeared. The reason for this disappearance
may be the significant rise in mean monthly minimum tem-
perature of December and January of Murree, which clearly
gives an indication of global warming (Fig. 7a).

River flow assessment

Model Calibration

In the calibration process five parameter tabs/windows, men-
tioned in detail in ‘Parameter input (databases) and calibration’,
proved to be the most important and influential for this study.

The peaks of the hydrographs were very high in the simulated
outputs. To minimize them the ESCO and EPCO parameters
were tuned using the trial and error method. By doing so the
peaks became lowered and evaporation became higher. The
‘Crack Flow’ which resides in the Subbasin (.Bsn) parameters
tab was activated in the model. The CANMX (maximum cano-
py storage (mm)) value was increased which reduced the quick
responses and smoothened the base flow curves; hence, it was
influential towards peaks and ultimately model efficiency.

After every run calibration results were visually inspected
for goodness-of-fit, besides model efficiency by objective
functions’ acceptable range. After several manual ‘trial and
error’ calibrations, an optimized fit of the base and peak flow
patterns between simulated and observed stream flows was
reached as shown in Fig. 9. However, there is a high discrep-
ancy between the simulated and the observed peak
flows during the wet (monsoon) period (July–September) of
1999; such underestimation of observed discharge could be
the result of a continuous drought from 1997–2002 (Fig. 6);

such significant random events are not bring into account by
SWAT (Dos Santos et al. 2014).

Model performance and validation

From Table 5, the NSE achieved during calibration and vali-
dation indicates acceptable levels of model performance de-
spite outliers in the hydro-meteorological dataset, as discussed
in ‘Hydro-meteorological data analysis’. According to
Moriasi et al. (2007), NSE is sensitive to extreme values and
might yield sub-optimal results when a dataset contains large
outliers. They recommend that it should be used to quantita-
tively describe the accuracy of model outputs other than dis-
charge. Furthermore, the NSE is subjective or biased since it is
based on averaged observed discharge (average Qobs).
Similarly, the RVE also shows that the model performed well;
the RVE’s best-achieved value (almost − 4%) for calibration
indicates that the runoff volumes are well matched; hence, the
SWAT model simulated reasonably well the water balance
over the successive monthly time steps.

Figure 10 shows that the model underestimated the base
flows in the dry period (October to December), while, at some
extent, peak flows in the wet period throughout the validation
period show some agreements. It is difficult to give a solid
reason for this observation; however, a possible reason for the
disagreements may be the limitations of the SCS-CN method
which when used with the SWATmodel, does not account for
the duration and intensity of precipitation, but instead, uses

Fig. 9 Comparison between simulated and observed discharges (1996–2001) on monthly time step

Table 5 Model performance analysis using observed discharge by
Simly FP and Chirah gauging

Performance NSE RVE

Calibration (1996–2001) 0.63 − 3.94%

Validation (2003–2014) 0.45 − 28.73%
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mean daily rainfall depths as SWAT inputs. This bias in
rainfall-runoff models is common, because the models are
deterministic in nature, whereas measured data have
significant random events (Dos Santos et al. 2014). Another
reason may be the scarcity of rainfall gauges; the limited rain-
fall gauges used to represent the entire sub-watershed/catch-
ment cause errors in runoff estimation. This result may also be
attributed to the limitations of the SWAT model; e.g., it does
not operate on a shorter and more flexible time step. The
replacement of outliers in rainfall time series by model auto-
weather value, mentioned in ‘Hydro-meteorological data anal-
ysis’, may also be the potential possibility. Ahmad et al.
(2015) also analysed the correlation between quarterly/
annual precipitation of Murree station against Soan River
discharge at Chirah gauging by linear regression analysis;
the coefficient of determination for annual (R2 = 0.23)
and seasonal was notably low, except for the dry period
(Oct–Dec).

The hydrologic response to historical and recent LULC change
scenarios

These findings are drawn on 27-year mean annual values run
on monthly time steps (Table 6); the even more influential
impact can be drawn out on specific hydrological (dry/wet)
year run on yearly time steps. By this analysis, it has been
proved that the hydrologic regime is sensitive to LULC
changes (Welde and Gebremariam 2017). For profound ob-
servation of the impact the following historical scenarios,
keeping the hydrological regime under LULC_1990 as a base-
line, were analysed in detail:

& LULC_1999 scenario

In this scenario surface runoff shows a reduction of 3.6%
(Table 7); by observing annual rainfall (Fig. 6), it is to say that

Fig. 10 Variations in monthly simulated stream flows during 2003–2014 with four different LULC dynamics

Table 6 Variation in each
hydrological component under
LULC changed scenario

Mean Annual of 27 years (mm)

Hydrological components 1990 scenario (Base year) 1999 scenario 2010 scenario 2016 scenario

Surface runoff 114.3 110.2 124.7 141.9

Lateral flow 206.0 205.0 200.6 198.1

Percolation 427.4 426.6 415.1 406.1

GW (shallow AQ) 234.3 233.7 224.3 216.2

GW (deep AQ) 42.8 42.7 41.6 40.7

Total AQ recharge 427.8 427.0 415.5 406.4

Water yield 600.2 594.7 594.1 599.1
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this is due to 6 years’ consecutive drought (1997–2002).
Moreover, in the SWAT model, the land use management
practices affect the SCS-CN system which ultimately results
in runoff response. In 1990 the surface runoff was 114.3 mm.
In the following decade as a result of diminished agriculture,
the runoff was reduced to 110.13 mm. The water yield also
decreased by 0.9% in comparison to the baseline.

& LULC_2010 scenario

In this scenario, the surface runoff increased by 9% com-
pared with base year as a result of the conversion of natural
covers to land uses. The other hydrological components re-
duced further in comparison with the reduction under
LULC_1999s with the most affected hydrological parameter
being groundwater (shallow AQ) with 4% reduction. While,
the reduction in water yield by 1% may be due to the drought
event between mid-2009 and mid-2010 (as mentioned above).
Ashraf et al. (2016) also concluded that in Soan River basin
the reduction in scrub and coniferous forest during 1992–2010
period consequently increased rangeland and built-up land
which consequently increased surface runoff and impacted
negatively the groundwater recharge at places.

& LULC_2016 scenario

Comparatively, in the LULC_ 2016 there was more en-
croachment of natural covers than the past two decades, that

Table 7 Percent change in hydrological components under changed
LULC scenarios

%Change

Hydrological parameter 1990–1999 1990–2010 1990–2016

Surface runoff − 3.6 9.1 24.1
Lateral flow − 0.5 − 2.6 − 3.8
Percolation − 0.2 − 2.9 − 5.0
GW (shallow AQ) − 0.3 − 4.3 − 7.7
GW (deep AQ) − 0.2 − 2.8 − 4.9
Total AQ recharge − 0.2 − 2.9 − 5.0
Water yield − 0.9 − 1.0 − 0.2

Fig. 11 Response of hydrologic components to LULC change in annual timespan

Page 13 of 16     1220Arab J Geosci (2020) 13: 1220



is why comparatively the impact on the hydrological compo-
nents is worse than before, with the greatest increase in surface
runoff by nearly one-fourth (24%) and decline being ground-
water (shallow AQ) (7.7%). Percolation, groundwater (deep
AQ), and total AQ recharge were reduced by almost 5% each
as well. Moreover, the possible reason of comparatively in-
crease of the water yield may be that the mega-flood of 2015
filled the pores and cracks created by wood/trees cutting in
study watershed. In addition, annually, there is also not any
noticeable change in water yield (Fig. 11a); however, annually
in surface runoff significantly positive, while in groundwater
and lateral flow negative change under LULC dynamics can
be explicitly seen (Fig. 11b–d).

Water balance (WB) assessment under LULC dynamics

Research has shown that the impact of the climatic conditions
and LULC changes on watershed hydrology (hydrological
cycle) can be assessed through water balance analysis (Ayivi
and Jha 2018; Ashraf 2013; Ahmad et al. 2015). Water bal-
ance closure error of − 5.4 mm (< 0.5%) against mean annual
simulated rainfall of two study stations was observed. This
difference may be due to an initial soil moisture content which
the model does not calculate apparently. The weak physical
and hydrological condition of study watershed in 1999 has
also affected the mean annual value of ET (Table 8).

Conclusion and recommendations

The impact of rainfall variability and LULC changes on
Chirah watershed hydrology has been assessed. The following
conclusions are drawn:

& In Murree the mean annual rainfall in recent years (2010–
2016) compared with the past (1990–1999) decade has de-
creased by 17.6% and so as 0.33% in Simly. An overall de-
crease of 11.12% is observed over the catchment in 27 years.

& The built-up area and agricultural land use encroached con-
siderably scrub (mixed) thorny followed by pine (evergreen)
forest; the expansion in the built-up area occurred after 2010.

& The conversion of scrub forest into built-up land resulted
in higher imperviousness and, so, triggered surface runoff
and lowered the groundwater recharge.

& The SWAT model is useful for impact assessment of
LULC change on river flows however, a regular assess-
ment of the flows at sub-catchment level is essential under
growing changes in climate and LULC in this region.

& The LULC scenarios proved that human-induced activi-
ties can affect the catchment hydrology and the hydrologic
regime is sensitive to LULC changes.

The changes in land cover have affected the hydro-climatic
patterns of study area, i.e., severe droughts and floods have
been frequent; temperatures (maximum and minimum) have
risen significantly, and consequently, water availability/
supply is decreasing in the catchment which needs an urgent
sound urban planning and development. Special focus should
be given to research and development projects related to wa-
tershed rehabilitation and conservation to avoid loss of
existing valuable natural resources particularly forestry and
water for sustaining future livelihoods.

The negligence of this area can have serious negative im-
pacts not only on the environment but also on societal pro-
ceedings, economy, and way of life in the region. If the defor-
estation kept continued, it can eliminate the portion of the
water cycle that involves evapotranspiration of water through
the trees. The situation may increase even more erosion and
the quantity of nutrients in the streams and rivers.

Simly Dam has enormous ecological impacts; if its
level will decrease, it will put adversely effects on wild-
life, aquatic life and on food chains involving aquatic
organisms.
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