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Abstract: Hydrological regimes influence an aquatic ecosystem’s biotic composition, structure, and
functioning. But construction of dams or anthropogenic activities substantially alter the hydrologic
regimes. In this study, we used a method named as the “Indicators of Hydrologic Alteration” to
examine the degree of hydrologic alteration at seven flow gauge stations in the Mangla watershed.
The assessment of alteration is carried out according to the Range of Variability (RVA). This method
relies on analyzing hydrologic data obtained from existing measurement points (e.g., stream gauges)
within an ecosystem or model-generated data. We used 33 parameters categorized into 5 groups
based on magnitude, duration, frequency, timing, and rate of change to characterize hydrologic
variation within a year statistically. We then examine the hydrologic perturbations by comparing the
measure of central tendency and dispersion for each parameter between the “pre-impact (1967–1994)”
and “post-impact (1995–2014)” periods. The results show that within the Mangla watershed, the
high alteration was noted in the magnitude of monthly flows and extreme flows at Azad Pattan, Gari
Habibullah, Palote and at Muzafarabad stations. The flow at Domel and Kohala stations are found in
low hydrological alteration among all groups of indicators. The study indicates that Neelum Basin at
Muzaffarabad has significantly high alteration with maximum negative values. On the other hand, a
high frequency of alteration observed in the monthly flows and extreme water conditions. Overall, a
moderate alteration is observed in the whole watershed, which may produce adverse effects on the
aquatic ecosystem of the Mangla watershed.

Keywords: hydrological alteration; Indicators of Hydrologic Alteration (IHA); Range of Variability
Analysis (RVA)

1. Introduction

Rivers fulfill more than fifty percent global water demands [1]. These play a significant
role in maintaining the ecological health, economic prosperity and human wellbeing [2].
The river ecosystem is an essential element for the local and worldwide environment [3,4].
But, river flows fluctuate based on the variations in temperature and precipitation [5,6].
Climate change cause the spatio-temporal variability in river flows [7–10], which ultimately
influence the ecosystem of a watershed. Climate change affects the land cover which in
turn alters the streamflow pattern [11]. These alteration, in addition to reducing ecosystem
services [12] also produce negative impacts on geomorphic processes [13]. Along with
the climate change, the human freshwater needs [4] and development [14] has caused
the dramatic variations in river ecosystems worldwide [15]. The natural flow of a river
is important for maintaining the ecological integrity which in turn depends upon the
dynamic characteristics of streamflow (e.g., frequency, duration, timing, magnitude, and
rate of change) [16,17]. Therefore, river is known as a “Master variable” that regulates
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the physical and ecological processes of a river system. The ecological processes involve
nutrient cycling and movement of water and sediment. Within a system, interaction of
these processes give rise to some unique ecological characteristics which may include
stream temperature, morphology, sedimentation, and composition of biotic communities.
Therefore, it is important to protect these ecological functions because biotic communities
depend upon the flow characteristics at different stages of their life cycle [16].

The increased water consumption for agriculture, industries and power generation
has reduced the availability of fresh water resources globally [18,19]. Human activities
have changed the flow regimes. Numerous studies have reported that anthropogenic
activities have significantly impacted the ecosystem, with extensive changes occurring in
river systems and biodiversity [20–25]. Recent pressure on the freshwater ecosystem has
caused the extinction of about 20% of freshwater species worldwide. The construction
of dams and barrages along the rivers is the primary reason for biodiversity exploitation.
Globally, more than 40,000 dams are influencing 60% of natural river flows. This posed a
consistent warning to the river’s ecologically stability [26–28]. Therefore, the assessment
of hydrological alteration is essential for describing measures for river protection and
restoration [29–31]. Researchers recognized the flow variability a primary driver which
describe the function and structure of a river ecosystem [4]. In 2008, Tao Yang used mapping
technique and Range of Variability Analysis (RVA) for assessing the spatial variations in
hydrologic alterations (HA) occurred in response to the dam construction along the lower
Yellow River, China, during the past 50 years [32]. Similarly, Gabriel Minea and his fellows
investigated the impacts of Siriu Dam on the mean daily discharge of the Buzău River [33].
In 2012, W. Wu and his coworkers found Baojixia water diversion works have direct effects
on river hydrology, which first produced changes in the magnitude and frequency of
low/high flows, and ultimately results in a new hydrologic regime that differs remarkably
from the natural flow regime [34]. Chen Y.D in 2010 used range of variability approach
to provide an improved assessment about the dam-induced hydrologic modification in
the center as well as top East River, south China during 1952–2002 [35]. The effect of
human activities on water bodies’ have grown over the last decades [36]. Many previous
researchers have investigated flow variability by using more than 170 hydrologic metrics
which describe ecological attributes of flow regimes [37]. There require effective methods
to assess the hydrologic alteration.

Usually, the river flow data is used to produce the ecological relevant hydrological
indicators for characterizing the flow regime. Several methods have been designed to
assess the variations in river hydrology. The earliest river flow indicators were established
in the mid-1970s [38]. While, other indicators were developed on the basis of flow rate
characteristics including daily magnitude of flow [39,40], monthly and annual flow mag-
nitude [41,42], low flow conditions [40,42], base flow [4,43], maximum flow [4,39,40,43]
duration of flow [43], timing and rate of change of flow [40]. According to the number
of hydrological indicators involved, hydrological alteration assessment methods can be
classified as either univariate or multivariate. In univariate approaches, there is only one
indicator (e.g., annual flows, flow duration curves or flood frequency) demonstrates one
aspect of flow regime. The ratio of observed to historical value of indicator describes the
degree of alteration [44]. Since this approach is simple to formulate, therefore has been
commonly used in riverine studies [38,45,46]. The major disadvantage of this approach is
that it does not describe the numerous ecologically important characteristics of the flow
regime. For resolving this issue, the scientists have used multivariate approaches [47–49].
In this regard, the commonly used multivariate approach for examining the hydrological
alteration is range of variability approach (RVA) [31,43,50–53]. In 1997, Chen Richter pro-
duced this approach [52], and since then many revised versions have been proposed to
enhance its performance [53–58]. In 2007, Shiau and Wu employed three methods (such as
three-class, fuzzy-based, and overall-mean) for estimating the magnitude of hydrological
alteration in the range of variability approach (RVA) [54]. Similarly, in 2015, Yin et al.
coupled the traditional RVA with the alteration of type of hydrological year (wet, dry or
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normal years) [58]. Among different methods to show seasonal effects and to describe
each particular hydrological year, the Indicator of Hydrological Alteration (IHA; [43])
has been widely applied to examine the alterations in the river regime that occurred in
response to dam construction, e.g., the River Roanoke in North Carolina [43], La Nga river
in Vietnam [59], Tana river in Kenya [60], Huaihe river in China [29] and River Karkheh in
Iran [61]. But, in most cases, these approaches are time–consuming, and these are based on
daily flow data, which all the regions do not have.

The recently proposed hydropower projects i.e., Neelum Jhelum project and Kohala
Project have altered the flow regime of Jhelum River. Neelum Jhelum project, situated in
Muzaffarabad, will divert water from Neelum River to Jehlum River where power station
is situated [62]. Which disrupt the aquatic ecosystem and cause the extinction of weak
species that are small in number [62]. Kohala Hydropower Project is near saran village
40 km upstream from Muzaffarabad. The major impacts of these projects are expected
in downstream due to the less availability of water. That results in the decline in fish
population up to 50% [62,63]. Though man-induced changes in river flows offer several
societal benefits, but these lower the valuable ecosystem services. Moreover, the alteration
of natural flow regimes also threatens the freshwater biodiversity [44,64]. Evaluation of
the perturbation of river ecology due to reservoir operation, river regulation and reservoir
operation rules requires a detailed investigation of suitable hydrological indicators. The
evaluation of ecological indicators based on the hydrological flow (which is affected by
climate change and anthropogenic activities) will assist environmentalists and hydrologists
to study the effects of hydrological flow alteration on aquatic ecosystems.

To fulfill the human water demands, the freshwater requirements for maintaining
the ecosystem are mostly ignored. Therefore, it is crucial to analyze the variations in flow
regimes so that the freshwater ecosystems can be protected and managed effectively. The
current research aims to examine the possible impacts of the hydrological perturbation
on Mangla watershed ecosystem. The main objectives are (i) to evaluate the hydrological
alteration (HA), (ii) to select the representative indicators based on hydrological alteration,
(iii) to evaluate the impacts of representative indicators on the ecology of the Mangla
watershed. This study will also help the policy makers for decision making and planning
and development of any hydraulic structure on the river of study area and to find the
associated impacts on the sustainability of ecosystem.

2. Study Area

The present study is carried out in Mangla watershed that extends between latitudes
of 33◦00′ N to 35◦12′ N and longitude of 73◦07′ E to 75◦40′ E, see Figure 1. Its total area is
33,455 km2. The elevation range in the Mangla watershed extends from 253 m to 6173 masl.
The five major basins of the Mangla watershed are named as Neelum, Kunhar, Poonch,
Kanshi and Jehlum. India covers 55% of the Mangla watershed, while Pakistan occupies
45%. The seven flow gauge stations: namely Azad Patten (AZP), Domel, Kohala (installed
on Jehlum river), Ghari Habibullah (GHU), Muzaffrabad (MZP), Palote and Kotli flow
gauges (installed on Kunhar, Neelum, Kanshi and Pooch River) are selected to assess the
hydrological alteration, see Table 1.

Table 1. Gauges’ location in Mangla Watershed.

Sr. # Gauge Stations Latitude Longitude Install on River

1 Azad Patten (AZP) 33.7 73.6 Jehlum
2 Domel 34.4 73.5 Jehlum
3 Ghri Habibullah (GHU) 34.4 73.4 Kunhar
4 Kohala 34.1 73.5 Jehlum
5 Kotli 33.5 73.9 Poonch
6 Muzaffrabad (MZP) 34.4 73.5 Neelum
7 Palote 33.2 73.4 Kanshi
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Figure 1. Study Area of Mangla Watershed.

The Mangla watershed located in the monsoon belt, thus, rivers are fed by rainfall
and snowmelt in summer, while in the winter, the light shower of rain contributes to the
total runoff. Due to the monsoon rain and snowmelt, there exist high flows in the Mangla
watershed from August to September. The river flows decrease in February, therefore, it is
considered as a dry month [65]. Among all the rivers, the Jhelum River exhibit the highest
contribution (i.e., 41%) to the total watershed flow, followed by the Neelum, Kunhar, Kanshi,
and Poonch rivers; and their flow contribution are 34%, 10%, 13%, and 1% respectively.
The Kunhar basin experiences snow avalanches during mid-December to May while at the
high altitude of the basin, this process continues till June. The river flows become effected
by the snow avalanches and the rising air temperature in the Kunhar basin trigger lake
burst which in turn alter the hydrological flows [66].

3. Material and Method

In this study, 47 years daily discharge data of seven gauges have used to assess the
hydrological alteration in the Mangla watershed. The daily discharge time series further
divided into periods (a) pre period (1967–1994) (b) post period (1995–2014) reported by [66].
To quantify the hydrological alteration (HA), we employed the Range of Variability Analysis
(RVA), which consists of 33 hydrological parameters. These parameters were categorized
into five groups based on magnitude, duration, frequency, timing, and rate of change [52].
The present study does not include ‘number of zero days’ in the analysis as we didn’t
identify the days having zero flows during the study period in the Mangla watershed. For
the post-impact period, the nonparametric approach was used to define the median and
25th and 75th percentile as a variability range. Hydrological alteration is measured by
the degree to which the RVA is not achieved [4]. The hydrological alteration (HA) can be
expressed in terms of percentage as follows:

HA =
f o− f e

f e
×100 (1)

where,

fo = The no. of years in post-period (1995–2014).
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fe = The no. of years in pre-period (1967–1994).

The zero value of HA indicates that there is no alteration in the selected parameter of
hydrology, whereas the positive values show that the hydrological parameter values are
greater than the expected values and the negative values demonstrate that hydrological
parameter values are less than the expected values. The degree of HA was divided into
three classes (0–33%) no alteration, (34% to 67%) moderate alteration and (>67%) high
alteration (Richter et al., 1998).

The details of each indicator group are given below:

3.1. Group 1: Magnitude of Monthly Water Conditions

The indicators of this group indicate monthly averages of water conditions which can
be explained by using following equation:

IHA1,m =
1
n ∑n

i=1 Qi (2)

here,

HA1,m = indicator from group 1, for month m (m3/s)
m = ordinal no. of months in a year, 1 ≤ m ≤ 12
n = no. of days of a month
Qi = daily mean discharge (m3/s), ith day of mth month

3.2. Group 2: Magnitude and Duration of Annual Extreme Water Conditions

The indicators here demonstrate the maxima and minima of a year, which have a
duration of 1, 3, 7, 30, and 90 days. For minima:

IHA2,m = min
{

1
n ∑k+n−1

i=k Qi

}
∀1 ≤ k ≤ 365− (n + 1) (3)

here:

HA2,m = indicator of group 2 for minima (m3/s), m ∈ {1, 3, 5, 7, 9}
n = duration (days), n ∈ {1, 3, 7, 30, 90}
Qi = daily mean discharge (m3/s), ith day of year

For maxima:

IHA2,m = max
{

1
n ∑k+n−1

i=k Qi

}
∀1 ≤ k ≤ 365− (n + 1) (4)

here:

HA2,m = indicator of group 2 for maxima (m3/s), m ∈ {2, 4, 6, 8, 10}
n = duration (days), n ∈ {1, 3, 7, 30, 90}
Qi = daily mean discharge (m3/s), ith day of year

3.3. Group 3: Timing of Annual Extreme Water Conditions

The two indicators of this group are described using the following expression:

IHA3,1 = i[Qi = Qmax] (5)

IHA3,2 = i[Qi = Qmin] (6)

here,

HA3,1 and IHA3,2 = indicators of HA from group 3
i = ordinal no. of days in a year (1 ≤/≤ 365)
Qi = daily mean discharge (m3/s), ith day of year
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Qmax = maximal recorded daily mean discharge (m3/s) during the year
Qmin = minimal recorded daily mean discharge (m3/s) during the year

3.4. Group 4: Frequency and Duration of High/Low Pulses

Following mathematical expressions are used to explain the indicators of this group:

IHA4,1 = ∑364
i=1[Qi ≤ Q25% < Qi+1] (7)

IHA4,2 = ∑364
i=1[Qi ≥ Q75% > Qi+1] (8)

IHA4,3 =
1

IHA4,1
∑365

i−1[Qi > Q25%] (9)

IHA4,4 =
1

IHA4,2
∑365

i−1[Qi < Q75%] (10)

here,

HA4,1 and IHA4,2 = no. of high and low pulses
IHA4,3 and IHA4,4 = average time period of high and low pulses (days)
i = ordinal number of days in a year (1 ≤/≤ 365)
Qi = daily mean discharge (m3/s), ith day of year
Q25% = discharge of 25% duration (m3/s)
Q75% = discharge of 75% duration (m3/s)

3.5. Group 5: Rate/frequency of Water Condition Changes

Here, all three indicators are described using following equations:

IHA5,1
∑364

i=1(Qi+1 −Qi)[Qi < Qi+1]

∑364
i=1[Qi < Qi+1]

(11)

IHA5,2
∑364

i=1(Qi+1 −Qi)[Qi > Qi+1]

∑364
i=1[Qi > Qi+1]

(12)

IHA5,3 = ∑364
i=2[(Qi+1 −Qi)(Qi −Qi−1) < 0] (13)

here,

HA5,1, IHA5,2 and IHA5,3 = indicators of group (m3/s)
i = ordinal no. of day in a year (1 ≤/≤ 365)
Qi = daily mean discharge (m3/s), ith day of year.

3.6. Selection of Indicators for Spatial Assessment

For this purpose, the RVA values were calculated using the hydrological variables
at single point (one station), while the HA was measured on a temporal scale. However,
the point-based evaluation describes that the hydrological condition is extended from that
point to upstream and downstream of the Mangla watershed. The indicators less than
the 67th percentile do not describe the complete degree of HA [52]. Suitable hydrological
indicators were selected by taking the median of absolute HA of each indicator calculated
for each station, then ranking all median values and determining the 67th percentile of all
ranked medians. The indicator having median value greater than the 67th percentile were
selected as a spatial suitable indicator to represent the hydrological alteration. The relation
of hydrological indicator and ecological influence are given in the Table 2.
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Table 2. The relationship between RVA parameters and ecosystems [67].

RVA Parameters Relationship between RVA Parameters and Ecosystems

1. Magnitude of monthly
water conditions

It checks the health of a habitat. This parameter describes
the characteristics of a habitat, for example, wetted area,

position of a water table relative to wetland.
2. Magnitude and duration of

annual extreme water conditions
It have a significant role for controlling the function and

structure of the rivers, estuaries, and floodplains etc.

3. Timing of annual extreme
water conditions

It helps in assessing whether particular life-cycle
requirements are being met, or whether extreme water
conditions such as floods and droughts can affect the

degree of stress or mortality.

4. Frequency and duration of high
and low flow pulses

This parameter controls the reproduction or mortality
events in many species, and therefore, it affects the

population dynamics in an ecosystem. As a result, we can
conclude whether a life-cycle phase of an organism can be

completed, or if inundation or desiccation can have a
detrimental effect on the organism.

5. Rate and frequency of water
condition changes

This refers to the ability of root systems to establish
contact with phreatic water supplies.

4. Results and Discussion

The degree of hydrological alteration for all 33 parameters at all the selected hydro-
logical stations was calculated using the IHA (v 7.1) software. For variability analysis, the
percentile values of 25th and 75th were taken as a lower and upper target range. Figure 2
reveals absolute hydrological alteration. Overall, the hydrological alteration was maxi-
mum in 4 indicators at Azad Pattan, 1 indicator at Domel and Kohala, 5 indicators at Gari
Habibullah, 2 indicators at Kotli, 7 indicators at Muzafarabad and 4 indicators at Palote.
No significant alteration was observed in the indicator associated with the number of zeros’
days over the study region.
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4.1. Group 1: Magnitude of Monthly Water Conditions

In this group, mostly gauging stations of the Mangla watershed revealed negative
hydrological alteration. During dry (October to February) and wet (June to September)
periods, there were negative values for hydrological alteration at most of the hydrological
stations in the Mangla watershed. August (the wettest month of the year) exhibits a
moderate alteration of −45%, 39%, −60%, −45%, and −45% at Azad pattan, Kohala, Kotli,
Muzaffarabad, and Palote, which is also reported by Amina et al. (2016) [68]. Whereas,
a highest alteration (i.e., −72%) was noted at the Domel gauging station, and the lowest
(i.e., −5%) at Gari Habibullah, see Figure 2. In case of the Februay (a driest month of the
year), the negative alteration was observed at all the gauging stations of the watershed.
The moderate alteration of −42%, −40% was noted at Azad Pattan and Domel stations,
respectively. The highest alteration (i.e., −79%) was found at Palote as shown in Figure 3.
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In August, there is a decrease in the monthly median flow at all selected stations except
Kohala of the Mangla watershed, see Figure 3. Moreover, during the winter season (JFM),
the monthly median flows are decreased and appear to increase during the autumn season
(SON), as shown in Figure 3. Over all, the watershed experience the negative alteration
which is concide with the finding of Yaseen et al. [69]. Their study investigated that the
variability in the hydrological flows in the Mangla Watershed is caused by the climate
shifting. Which may lead to decrease in the availability of water to sustain the ecosystem
depends upon the hydrological flows.

4.2. Group 2: Duration and Magnitude of Annual Extreme Water Conditions

Many indicators of this group revealed negative alteration at all selected flow gauging
station in the Mangla watershed. The high alteration was noted in the indicators of 90-day
minimum, 3-day maximum, 7-day maximum, 30-day maximum, 90-day maximum, and
base flow index, see Figure 4. The Muzaffarabad station in the Neelum basin revealed
moderate alteration for most of the indicators except 30-days maximum, 90-days maximum,
and base flow index. Moreover, the 7-day maximum flows have moderate to high alteration
at all gauging stations of the watershed except at Gari Habibullah. Which is most likely as
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the result of increased frequencies of climate extremes over the watershed [69]. Overall,
in terms of indicators, most changes were observed in the magnitude of 3-day, 7 day and
30 days maximum flows, particularly for all stations. Nevertheless, it should be noted that
little deviation of the low flows from the natural regime has caused more implication in the
ecosystem than the deviation of the maximum flows [52]. Moreover, it was observed that
the indicator (number of zeros days) didn’t alter in the whole watershed; hence it had no
impact on the river ecosystem.
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4.3. Group 3: Timing of Annual Extreme Water Conditions

The indicator of this group, the timing of the Julian date of 1-day annual minimum
flow has negative alteration at all stations except Domel and Muzaffarabad. There is a
moderate hydrological alteration of 34.99%, −45.71, and −38.76 at Domel, Gari Habibullah,
and Kohala gauge stations, respectively, whereas high alteration of −72.86% was noted at
the Palote station. The Julian date of 1-day minimum flow was earlier at stations of Azad
Patten, Domel, Kohala, and Muzafarabad compared to the pre-period (1967 to 1994), while
on the other stations, the 1-day minimum flow was later than the pre-period. Similarly, the
timing of the Julian date of 1-day annual maximum flow reveals negative alteration at most
of the selected stations except Kotli, Domel, and Palote. The moderate alteration of −48%,
−62%, −59%, and 38% was noted at Gari Habibullah, Kohala, Domel, and Muzaffarabad
respectively, whereas other flow gauge stations observed low hydrological alteration in
Figure 5. Overall, both parameters are regarded as very important, and they provide crucial
information on environmental disturbances or water stress in the aquatic ecosystem [52].
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The alteration of these two parameters were also obtained by Sojka et al. [70] over studying
the hydrologic alteration over Powa River, Poland.
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4.4. Group 4: Frequency and Duration of High/Low Pulses

There is significant alteration in high pulse count compared to the low pulse count at
most of the stations except Palote, Domel, and Muzafarbad stations. The indicator, namely,
the frequency of low pulse had moderate hydrological alteration (i.e., 54.38%) at Kotli
station, while the frequency of high pulse revealed moderate alteration at Azad Patten and
Kohala (54.38% and −48.72%, respectively). The low pulse duration had a high alteration
(−68.33%) at Palote station, whereas moderate alteration of 43.59% and 42.50% was found
at Kohala and Kotli stations, respectively, see Figure 5. There is moderate alteration in the
high pulse duration at Azad Patten, Gari Habibullah, and Muzafarbad, while the other
stations have low alteration (Figure 6).

4.5. Group 5: Rate of Water Condition Changes

The results showed negative hydrological alteration in the ‘rise rate’ at all the flow
stations of the watershed, see Figure 6. It is found maximum at Kotli and Palote stations
with the values −84% and −70%, respectively. The moderate alteration of −55%, −39%,
and 45% was noted at Ghari Habibullah, Kohala, and Muzaffarabad, respectively. In case of
the ‘fall rate’, the moderate alteration was note in most of the stations except Azad Pattan
and Kohala stations. The number of reversals were moderately altered in many stations
except Muzaffarabad and Palote (Figure 7).
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4.6. Spatial Patterns of Hydrological Alteration

The present study used 33rd and 67th percentile values of the medians of the 32 IHAs
to assess the spatial distribution of the hydrological alteration in indicators for all se-
lected flow gauge stations. Then, indicators having medians values greater than the 67th
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percentile, (such as Base Flow Index, rise rate, 3-day maximum, 3-day minimum, 7-day
maximum, February, March, July, August, and Date of Maximum) were sorted out for hav-
ing spatial assessment of hydrological alteration within the Mangla Watershed, as shown
in Figure 8. The findings show that the monthly water flow and extreme flow conditions
were found to be influenced in the study area.
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For each gauging station in the watershed, the 10 indicators were selected as a degree
of HA, given in the Table 3. The average degree of hydrological alteration for all flow gauge
stations varies between 37–57%. It means moderate alteration exist at all stations. From the
results, it is revealed that the hydrologic regime in the Mangla watershed was moderately
affected.

Table 3. Hydrological Alteration (%).

Indicators/Stations AZP Domel GHU KOHALA KOTLI MZB Palote
July −45.71 −40 −86.43 −53.85 −59.28 −18.57 −18.57

Rise rate −4.99 −22.86 −52.52 −38.46 −86.43 −45.71 −72.86
Base Flow −45.71 −10 −72.86 3.84 −45.71 −86.43 22.15
3-Day Max −59.28 −25 22.15 −76.92 −32.14 −59.28 −59.28
7-Day Max −45.71 −40 −18.57 −65.39 −45.71 −72.86 −45.71
3-Day Min −32.14 −25 −18.57 15.38 8.58 −59.28 −28.75

August −45.71 −70 −5 38.46 −59.28 −45.71 −45.71
February −45.71 −40 −4.99 −30.77 −18.57 −32.14 −76.25

March −16.87 49.99 −28.75 −30.77 −4.99 −88.12 −45.71
Date of Maximum −32.13 34.99 −45.71 −65.38 8.57 −59.28 22.14

Average 37.39 35.78 35.55 41.92 36.92 56.73 43.71

Note(s): Hydrological Alteration
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4.7. Impact of Selected Indicator on Ecosystem

The qualitative impact of selected indicators on the ecosystem reviled those four
indicators of group-1 can affect the soil moisture content for riparian plants and habitat of
aquatic organisms during low flow period [18,24,26]. The 30-Day minimum and maximum
flow can affect the distribution of plants at floodplains and structure of aquatic ecosystems
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(including both biotic and abiotic factors). On other hand, the alteration in base flow can
influence the breeding of aquatic organisms and time of stressful conditions (for example,
less oxygen concentration, and higher chemical contents) in river [19–23]. Similarly, the
alteration in the Julian maximum date influences the life cycles, evolutionary strategies,
and behavioral mechanisms of aquatic organisms [43–51]. The ‘Rise rate’ influence the
organisms found on the floodplains and ‘Fall rate’ cause the low mobility of organisms at
riverbank. Overall, the selected indicators may have the significant impacts on the riverine
ecosystem of the Mangla watershed.

5. Conclusions

The results demonstrate a moderate level of hydrological alteration at all gauging
stations within the Mangla watershed. These alterations are associated with the climate
and land use variabilities. The absolute value of the hydrological alterations in the pa-
rameters of Group-1 and 2 is moderate at all selected flow gauge stations of the Mangle
watershed. The selected parameters significantly affect the hydrological regime of the study
area, which produces adverse effects on the river ecosystem. Among all stations, Neelam
Basin at Muzaffarabad (MZB) experienced moderate to high negative alteration for selected
indicators. Overall, the Neelam Basin experienced an absolute mean alteration of 56.73.
The Azad Patten (AZP) station is moderately negative alter for maximum parameters. The
Kanshi basin at Palote have high negative alteration for rise rate and median flow of Febru-
ary. The Kunhar basin at Ghari Habibullah (GHU) shows low alteration among all gauging
stations. On final note, it is observed that the Mangla Watershed undergoing through
the negative alteration of hydrological flows. The ecosystem of the Mangla watershed
in the sub-basin of Muzaffarabad, GHU, and Palote is affected during low flow months.
Human development and the climate change trend may influence the whole watershed
base flow, which indirectly produces adverse impacts on the ecosystem of the Mangla
watershed. Overall, there can be an expected alteration in existing biota due to alteration of
hydrological flows, which must be monitored and maintained within a suitable range.
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