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Abstract

Climate change has significantly impacted the hydrological cycle in the rivers of Pakistan and the
streamflow regimes of different rivers have witnessed noticeable flow alteration. These changes
in stream flow affect aquatic biodiversity (e.g., freshwater fish species) and the productivity of
freshwater ecosystems . This study therefore evaluates the streamflow alterations and their impacts
on the fish species at the upstream and downstream of the Soan River in Pakistan. The hydrological
model HBV-light was calibrated and validated for both up- (Chirah) and down- (Dhoke Pathan)
stream gauged stations. The model was then forced with an ensemble of NEX-GDDP GCMs to
simulate historic and future streamflow. Afterwards, changes in streamflow characteristics for two
future periods against a historic period were assessed. Different ecologically relevant streamflow
indices were used. The base flow at upstream and downstream was projected to increase under
both the RCP 4.5 and RCP 8.5 emission scenarios for mid and end of century periods. Under the
RCP 8.5, base flow was projected to increase with more inter-annual variability at upstream
station, and changes depicted less variability for downstream under both emission scenarios.

Number of high flow pulses were projected to decrease under both emission scenarios in both



future periods for upstream and downstream, however, high variability was depicted for upstream
than downstream area. Duration of high flow pulses was also projected to increase under the RCP
8.5 for end of century period for both upstream and downstream. These projections of streamflow
characteristics may have a marked (positive) influence on the habitat and ecological conditions for

the fish species of the Soan River.

Keywords: Hydrologic alteration, base flow, high flow pulse, NEX-GDDP GCMs, Aquatic
habitat, Fish species.

Introduction

Natural hydrologic processes are substantially pertinent to the ecological integrity of rivers (Poff
et al. 1997; Richter et al. 2003; Lytle and Poff 2004; Tharme 2003; Petts 2009). The base flow,
high flow pulses, and duration of high flow pulses are considered as some of the most ecologically
relevant components of streamflow (Poff et al. 1997). The chemical, physical and biological
conditions that are crucial to sustain biological diversity of rivers are maintained by these
hydrologic components in a number of ways (Poff et al. 1997; Bunn and Arthington 2002; Lytle
and Poff 2004). There is an ample evidence of the significance that these streamflow characteristics
have for river ecosystems (Dynesius and Nilsson 1994; Baxter 1977; Jansson et al. 2000; Bunn

and Arthington 2002).

Globally, the biodiversity in the fluvial ecosystems is endangered by the variations in different
streamflow characteristics like the magnitude, frequency, and duration of extreme water conditions
(Poff et al. 2007; Doll et al. 2009). Sustainability and health of aquatic communities (e.g. fish
species) are generally susceptible to variations in the streamflow regimes (Jalon et al. 2019). These

alterations in streamflow however have a dependency on regional hydrological context and are



location specific (McManamay et al. 2012). Variabilities in the streamflow are among the main
drivers of ecosystem processes (Cid et al. 2017) and they play an indispensable role in the
interaction between river structure, physical processes and ecological patterns (Naiman et al. 2008;

Wohl 2012).

Climate change is a growing concern for the modern world and it has exacerbated in the recent
decades, it is also among the major factors that have disrupted the hydrological cycle and have
greatly altered the flow regime of many rivers throughout the globe (Petts 1984; Xenopoulos et al.
2005; Wang et al. 2012; Beaulieu et al. 2016; Chaemiso et al. 2016; Tesfaye et al. 2020; Usman et

al. 2021a; 2021b).

More than 190 fish species are the inhabitants of different rivers in Pakistan (Rafique and Khan
2012). Competition for water resources and habitat modifications are some of the major stressors
for fish assemblage (Kouamélan et al. 2003; Bremner et al. 2015; Crook et al. 2015) and are closely
associated with the alteration of natural streamflow patterns. These stressors frequently become
the reason for the extinction of delicate species, alterations and assemblage shift, decline in
functionality and diversity of fish assemblages (Helms et al. 2009). Specifically, deterioration of
hydrological regimes in Pakistani rivers has made some of the species critically endangered and

some of them are extensively threatened (Rafique and Khan 2012).

Information about the spatial seasonal dynamics of fish assemblage is one of the requirements to
assess the impacts of the aforementioned stressors (alterations in the natural streamflow
characteristics) (Parks 2014). It is not a widely researched topic in a developing country like
Pakistan, and in terms of different rivers of Pakistan, very limited studies are available addressing
specifically the fish assemblage across these rivers and their relationship with the hydrological

regimes of the rivers.



The Soan River is one of the important rivers of Pakistan, and it has undergone extensive
victimization because of multiple natural and human induced stresses. Climate change is one of
the major reasons for the alteration of hydrological regimes of the river. Changes in the streamflow
characteristics of the river in past had a significant impact on the aquatic ecosystems, and water
quality of the Soan River is extensively degraded under the effect of these stresses putting aquatic
organisms in some tributaries of the river at ecological risk (Nazeer et al. 2016; Nazeer et al. 2014;

Zamor et al. 2014).

A total of 22 freshwater fish species are found in the Soan River (Nazeer et al. 2016) and clear,
turbulent water conditions are preferred by these fishes (Islam and Tanaka 2007; Bhatt et al. 2004).
Natural breeding grounds for numerous fishes are provided by the upstream of the Soan River,
however, these sites have already been dried either completely or partially (Nazeer et al. 2016).
Climate change has significantly impacted the streamflow of rivers in Pakistan (Usman et al.
2021c; Burhan et al. 2020a) and as a consequence loss of habitat is evident. This habitat loss is

one of the major reasons of the rapid decline in fish species of the Soan River.

Variations in temperature results in the modification of numerous aquatic processes, and these
spatial-seasonal changes in temperature are associated with climatic conditions. Low flows are one
of the most important issues in the Soan River especially in the downstream region and decreased
natural base flow can result in drought like conditions, specifically in dry season. Alteration in
streamflow considerably effects fish assemblage during drought like conditions either due to loss

of habitat or decline in water quality (Geheber and Piller 2012).

In the developed regions of the world like North America, hydrologic alterations of most
watersheds have already been described (Poff et al. 2006a, b). On the other hand in the Pakistani

rivers basins negligible studies (Usman et al. 2021c) are found in literature where alterations of
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hydrologic regime under the influence of future climate change and its impacts on aquatic
ecosystems have been studied. Pyron and Neumann (2008) emphasizes the need to study
individual watersheds to assess the above mentioned characteristics of the river regime as they are
helpful in examining the cause of local species extinction and assemblage changes that are
attributed to hydrologic alterations. Periodic events like high (extreme) flows, duration of these
flows, and base flow in a river play a vital role in structuring of fish assemblages (Pires et al. 1999).
Flood pulse has also been reported to be a significant factor for seasonal variations in fish

assemblages.

Therefore, this study aims to assess the alterations in hydrological regime of the Soan River due
to climate change and its impacts on the freshwater fish species of the river at both upstream and

downstream reaches at a longer temporal scales.

Material and Methods
Study area

The Soan River is one of the tributaries of the mighty Indus River. This study is conducted at the
two gauging stations of the Soan River basin namely the Chirah (upstream) and the Dhoke Pathan
(downstream) (Fig 1). Nearly 60% of the population is rural and cultivation is considered as one
of the main sources of economy. See (e.g. Usman et al. 2019: 2021b) for a detailed description of

the study area.
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Figure 1. The study area.



Data description

Daily precipitation and temperature data were obtained from the Pakistan Meteorological
Department for two stations namely Murree (Lat 33° 55' N, Lon 73° 23' E) and Islamabad (Lat 33°
42' N, Lon 73° 05' E) for the period 2001-2013. Daily streamflow data were provided by the
Surface Water Hydrology Project (SWHP) of Water and Power Development Authority
(WAPDA), Pakistan for the period 2001-2013. Potential evapotranspiration data of Climate
Research Unit (CRU) was used in this study. Future climate projections of five different General
Circulation Models (GCMs) from NASA Earth Exchange Global Daily Downscaled Projections
(NEX-GDDP) for upstream and downstream Soan River were used in this study. The GCMs
included were ACCESS1-0, CCSM4, CESM1-BGC, MIROCS5, and MRI-CGCM3 for the Chirah
hydrological station, and BNU-ESM, CCSM4, GFDL-CM3. IPSL-CM5A-LR, and NorESM1-M

for the Dhoke Pathan hydrological station.

Methodology

The methodology adopted to assess the climate change induced changes in the streamflow and

their potential impacts on the fish species of the Soan River is described in the following sections.

Hydrological model setup and development

The Hydrologiska Byrans Vattenbalansavdelning (HBV) model (Bergstrom 1976; Lindstrom et
al. 1997) is a conceptual, semi-distributed hydrological model. In this study, HBV-light version
(Seibert and Vis 2012) was used to simulate daily streamflow. Detailed description of the HBV
model can be found in (Hakala et al. 2018, Bergstrom 1976; Burhan et al. 2020b, Seibert and Vis
2012). This model has successful applications in catchments with different climatic conditions and
topographic features (Yacouba et al. 2019; Mutsindikwa et al. 2020; Asitatikie and Gebeyehu

2020; Usman et al. 2021b, d).



The model was calibrated for the period 2002-2006 with 2001 as a warm up period for the Soan
River Basin at its upper and lower reaches. After the calibration, model was validated for an
independent period 2009-2013. Different metrics were used to calibrate and validate the model,
which includes visual inspection, the Kling Gupta Efficiency (KGE), and the mean difference
(mm/year) between observed and model simulated streamflow. KGE was selected because it
combines bias, variability, and correlation. It was introduced by Gupta et al. (2009) and has been
extensively used ever since. It is also termed as the paramount score for streamflow simulation

and hydrological models can be calibrated by optimizing this score (Brocca et al. 2020).

Indicators of Hydrologic Alteration (IHA) and Range of Variability Approach (RVA)
The indicators of hydrologic alteration (IHA) method was proposed by (Richter et al. 1996). It

includes different ecologically pertinent indicators that could be used to determine stream health
and its implications for aquatic ecosystem, and was used first to assess the climate induced
streamflow alterations. In the Soan River, three key characteristics of the streamflow that includes
base flow index, number, and duration of high streamflow pulses within each year have a strong
influence on the fish species of the river. Therefore, these three indicators of streamflow regime
alteration were selected in this study. There are five groups of IHA indicators and detailed
description of these indicators could be found in (Richter et al. 1997). Base flow index is an
indicator of streamflow regime alteration that belongs to the second group of IHA indicators that
deals with the magnitude and duration of annual extreme water conditions. Variations in the base
flow index have substantial implications for structuring of aquatic ecosystems (e.g. freshwater fish
species), physical habitat conditions, and morphology of river channel. Base flow index is
calculated as 7-day minimum flow/mean flow for year and plays a crucial role during the period

of prolonged dry conditions. Number and duration of high streamflow pulses belong to the fourth



group of IHA indicators that deals with the frequency and duration of high and low pulses and has
a remarkable effect on the floodplain habitats availability for fish species and access for aquatic

organisms to the sites where they could feed, rest, and reproduce.

At least twenty years should be used to carry out this kind of analysis as this period can represent
natural climatic variability (Richter et al. 1997; Pfeiffer and Ionita 2017). Therefore, twenty five
years (1980-2004) were selected as the pre-impact period and two additional twenty years period
(representative of mid and end of 21% century) were selected as the post-impact period (2040-2064,
and 2074-2098). Then the median changes in the post-impact period were assessed and analyzed

as compared to pre-impact period.

Results
Hydrological model setup and development

Results of calibration and validation indicated that the model performance was very good for both
upper and lower reaches of the Soan River (Fig. 2). KGE is a performance evaluation metric that
has optimum value equal to 1; good performance of a model is achieved for KGE value between
0.7 and 1, and the model is considered to perform satisfactorily if the KGE achieved is between
0.4 and 0.7, and poor performance is exhibited if the values fall below 0.4. KGE values of 0.75
and 0.85 were achieved during calibration (2002-2006) and validation (2009-2013) period,
respectively, for the Chirah hydrological station. For the Dhoke Pathan hydrological station KGE
values of 0.8 were achieved during calibration and 0.9 for validation period, respectively. Annual
difference in observed and simulated streamflow during the calibration was six percent while it
was none during validation period, suggesting an even better performance during validation

period.
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Figure 2. Simulated daily streamflow during calibration period (a,c (Chirah, Dhoke Pathan)) and

validation period (b,d (Chirah, Dhoke Pathan)). Calibration period is from 2002 to 2006, and

validation period is from 2009-2013.



Projected changes in base flow and their impacts on the aquatic ecosystem of the Soan

River at Chirah

Base flow for Soan River at its upstream (Chirah) was projected to increase under both the average
and extreme emission scenarios for the mid of century period (2040-2064) and end of century
period (2074-2098) as shown in (Fig. 3). Projected range of base flow lies between 0.9 and 1 (and
these values are pretty much consistent) under the RCP 4.5 emission scenario for the period (2040-
2064) as opposed to the pre-impact period range which was 0.6 to nearly 0.9 (highly variable) (Fig.
4). Under the RCP 8.5 emission scenario base flow was also projected to increase, however, with
more variability. Similar patterns were also observed for the period (2074-2098) in which a more
consistent increase in base flow were projected under the average emission scenario and variable

increase in base flow was projected under the extreme emission scenario.
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Figure 3. Projected changes in the baseflow for Soan River at Chirah gauging station. Black line
shows the baseflow for pre-impact period (1980-2004), blue and red lines show the baseflow for
near future post-impact period (2040-2064), and green and pink lines show the baseflow for far

future post-impact period (2074-2098).
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Figure 4. Box plots showing the magnitude of variability exhibited by projected changes in the
baseflow for Soan River at Chirah gauging station. PO denotes the variability in baseflow for pre-
impact period (1980-2004), P1M and P1H show the variability in baseflow for near future post-
impact period (2040-2064), and P2M and P2H show the variability in baseflow for far future

post-impact period (2074-2098).

Projected changes in number and duration of high streamflow pulses and their impacts on

the aquatic ecosystem of the Soan River at Chirah

Number of high flow pulses were projected to decrease under both the emission scenarios in both

the future periods (Fig. 5), and high flow pulsing was projected to be less variable in the future as
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compared to pre-impact period (Fig. 5). Duration of high flow pulses was between 1.5 to 2 days
during the pre-impact period is expected to remain (shorter) more or less similar for both future
periods as compared to the pre-impact conditions, under the RCP 4.5 emission scenario. However,
exceptionally prolonged pulses under the RCP 8.5 emission scenario towards the end of century

period were projected (Fig. 6).
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Figure 5. Projected changes in the number of high pulses for Soan River at Chirah gauging
station. Black line shows the baseflow for pre-impact period (1980-2004), blue and red lines
show the baseflow for near future post-impact period (2040-2064), and green and pink lines

show the baseflow for far future post-impact period (2074-2098).
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Figure 6. Projected changes in the high pulses duration for Soan River at Chirah gauging station.
Black line shows the baseflow for pre-impact period (1980-2004), blue and red lines show the
baseflow for near future post-impact period (2040-2064), and green and pink lines show the

baseflow for far future post-impact period (2074-2098).

Projected changes in base flow and their impacts on the aquatic ecosystem of the Soan

River at Dhoke Pathan

Base flow for Soan River at its downstream (Dhoke Pathan) was projected to increase under both
the average and extreme emission scenarios for the mid of century period (2040-2064) and end of
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century period (2074-2098) as shown in (Fig. 7). Unlike the projected behavior of base flow at
upstream Soan River, base flow was projected to increase and was highly consistent (with slight
variations of low magnitude) (Fig. 7). This projected behavior of base flow might be an indicator
that under the future climate change, in downstream Soan River there is low probability of drought
like conditions and river might have stable conditions. Base flow index values were projected to
be around 1.0 in near and far future under both the emission scenarios, and it implies that Soan
River would be a stable river by exhibiting the geology that is relatively permeable and abundant

groundwater (Tallaksen et al. 2004; Institute of hydrology report 1980).
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Figure 7. Projected changes in the baseflow for Soan River at Dhoke Pathan gauging station.
Black line shows the baseflow for pre-impact period (1980-2004), blue and red lines show the
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baseflow for near future post-impact period (2040-2064), and green and pink lines show the

baseflow for far future post-impact period (2074-2098).

Projected changes in base flow at Dhoke Pathan also indicate a positive environment for the fish
species of the Soan River at its downstream. Projected range of base flow index changes was
mostly greater than 0.95 under both emission scenarios for the period (2040-2064) as opposed to

the pre-impact period range which was 0.6 to nearly 0.9 (highly variable) (Fig. 8).
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Figure 8. Box plots showing the magnitude of variability exhibited by projected changes in the
baseflow for Soan River at Dhoke Pathan gauging station. PO denotes the variability in baseflow

for pre-impact period (1980-2004), PIM and P1H show the variability in baseflow for near
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future post-impact period (2040-2064), and P2M and P2H show the variability in baseflow for

far future post-impact period (2074-2098).

Projected changes in number and duration of high streamflow pulses and their impacts on

the aquatic ecosystem of the Soan River at Dhoke Pathan

Number of high flow pulses during pre-impact period remained within 0 to 12 and were projected
to decrease under both the emission scenarios in both the future periods (Fig. 9) with values
ranging within 0 to 4. In addition, high flow pulsing was projected to be less variable in the future
as compared to pre-impact period (Fig. 9). Duration of high flow pulses was projected to increase
under the RCP 4.5 emission scenario in the near future period and under the RCP 8.5 emission
scenario under the far future period, another important characteristic for these projected changes
in high flow duration is the high variability (Fig. 10). Patterns of change in the high flow duration
were projected to remain more or less similar to that of pre-impact conditions, under the RCP 8.5
emission scenario for near future period and RCP 4.5 emission scenario in the far future period,

also, low inter-annual variability was a characteristic of this change.
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Figure 9. Projected changes in the number of high pulses for Soan River at Dhoke Pathan
gauging station. Black line shows the baseflow for pre-impact period (1980-2004), blue and red
lines show the baseflow for near future post-impact period (2040-2064), and green and pink lines

show the baseflow for far future post-impact period (2074-2098).
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Figure 10. Projected changes in the high pulses duration for Soan River at Dhoke Pathan gauging
station. Black line shows the baseflow for pre-impact period (1980-2004), blue and red lines
show the baseflow for near future post-impact period (2040-2064), and green and pink lines

show the baseflow for far future post-impact period (2074-2098).

Discussion

Base flow index is one of the most important hydrologic parameters and it has a substantial
influence on the ecosystem of a river. It is the ratio of seven day minimum streamflow mean
streamflow for a year (IHA user’s manual). Interchange of nutrients between rivers and floodplains
has a crucial role to play in ecosystem maintenance, and fluctuations in the base flow substantially

effects the volume of this exchange of nutrients between floodplains and rivers. Another important
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concern for aquatic organisms is how long the stressful conditions (High streamflow, high
streamflow pulses, low oxygen, and concentration of chemicals, etc.) prevail in the aquatic
environments. When the weather conditions are dry, river flows have the tendency to be reduced
substantially, in these scenarios, the importance of high base flow becomes more evident. These
values (base flow index close to 1.0) are an indication in such events of dry weather conditions

that river is sustained because of the groundwater inflow (Kelly et al. 2019).

Our results indicate and increase in the base flow for both up and downstream Soan River. This
increase in base flow under the climate change at the upstream of the Soan River for near and end
of century time period might provide preferable streamflow characteristics for the fish species and

other aquatic inhabitants of the river.

When events of heavy rainfall occurs (which have relatively shorter duration), they have their own
implications for a river, a rise in level of Soan River above its low streamflow levels will occur,
these short term high flow events are termed as high streamflow pulses and provide important
insight and necessary interruptions in low streamflow. High streamflow pulses with longer
duration are more effective for ecosystem, however, these pulses does not have to be long enough
to have an impact on aquatic environment, even a small “flush of fresh water” (IHA user’s manual)
is enough to provide all-important relief from high streamflow temperatures or conditions with
low oxygen that are typical characteristics of the low-flow periods. These spell of fresh water can
also provide a nurturing support of organic material/food to “support the aquatic food web” (IHA
user’s manual). High-flow pulses also provide fish and other mobile creatures with increased

access to up and downstream areas.

One of the critical aspects of the lateral connectivity between a river and its floodplain are high

streamflow pulses (Richter et al. 1998). Projected overall stability and a significant increase (under
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the extreme emission scenario, for end of century period) in duration of high pulses might provide
suitable ecological functioning of floodplain wetland areas and feeding habitats for the endangered
and prominent fishes of the Soan River like Tor putitora (regionally known as Mahseer). Mahseer
is considered as the most important fish in the Asian sub-continent region (WWF 2002) and is also
responsible for fifty percent of the total fish fauna in Pakistan (Nazeer et al. 2016). However, high

variability in these changes might cause disruption in ecosystem functioning.

Conclusions

The study evaluated the plausible alterations in the streamflow characteristics of the Soan River at
its upstream (Chirah gauging station) and downstream (Dhoke Pathan gaugin station). The
hydrological model HBV-light was calibrated and validated for both up and downstream Soan
River. After model setup and development, it was forced with an ensemble of five different GCMs
for both Chirah and Dhoke Pathan gauging stations. Then the indictors of hydrologic alteration
(IHA) method was implemented to see the changes in the streamflow characteristics for two future
periods (2040-2064) and (2074-2098) against a pre-impact period (1980-2004). After this, the
implications of these projected changes in streamflow for fish species of Soan River were assessed.
Base flow for Soan River at its upstream (Chirah) was projected to increase under both the average
and extreme emission scenarios for the mid of century period (2040-2064) and end of century
period (2074-2098). Under the RCP 8.5 emission scenario base flow was also projected to increase,
however, with more variability. This increase in base flow under the climate change at the
upstream of the Soan River, for near and end of century time period might provide preferable
streamflow characteristics for the fish species and other aquatic inhabitants of the river. Number
of high flow pulses were projected to decrease under both the emission scenarios in both the future

periods. Duration of high flow pulses was expected to remain more or less similar for both future
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periods as that of the pre-impact conditions, with exceptionally prolonged pulses under the RCP

8.5 emission scenario towards the end of century period.

Base flow index for Soan River at its downstream (Dhoke Pathan) was projected to increase under
both the average and extreme emission scenarios for the mid of century period (2040-2064) and
end of century period (2074-2098). Other than projected increase Baseflow was projected to be
highly consistent. Number of high flow pulses were projected to decrease under both the emission
scenarios in both the future periods and high flow pulsing was also projected to be less variable in
the future. Duration of high flow pulses were projected to increase (and showed high variability)
under the RCP 4.5 emission scenario in the near future period and under the RCP 8.5 emission
scenario under the far future period. Patterns of change in the high flow duration were projected
to remain more or less similar to that of pre-impact conditions, and depicted low inter-annual
variability. The results of this study might be helpful for freshwater and aquatic ecosystem

management.
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