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ABSTRACT: The current study is to identify and examine the impacts of climate change on the
water runoff in the Kanshi catchment of the Potohar Plateau region for 50 years from 1961-2010.
Simple linear regression and Pearson correlation were used to assess the correlation coefficient, trend
magnitude, and variability of temperature, rainfall, and stream. The results revealed that mean and
maximum annual temperature steady and significant increase at the rate of 0.06 °C and 0.053/year
during the last two decades. The rainfall pattern was also declined at the rate of -6.821, -0.018, -1.458
and -4.409 mm/year in winter, summer, autumn and spring steadily. Similarly, in August and
September, the total water discharge had a significant and negative trend with p values 0.08 and 0.03
during 1991-2010. This substantial and significant change resulted from climate change or increased
intercession of anthropogenic activities on the earth's surface.
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INTRODUCTION

Climate change is mainly attributed to the
continuous rise of greenhouse gases, highlighting
fluctuation in rainfall pattern, temperature, and negatively
affecting the water resources and land cover. Climate
change is measured as a global phenomenon; therefore,
its effects are commonly felt due to their larger
vulnerabilities and the lesser ability to minimize climate
change (Cao et al., 2020). The increase in temperature
negatively affects water resource management and
hydrological practices during the last century (Abbas et
al., 2018a). Such variation in climate parameters is not
limited to disaster consequences but also has a direct
relation to the variability of the vegetation and land
cover.

Globally, the mean temperature of the earth has
been increased by 0.85°C from 1880 to 2012, If such
trends are continuously increased, then the mean
temperature projected to 4°C until 2100 under the RCP
8.5 scenario. The ranking of Pakistan concerning climate
change vulnerability is currently 5" number by the
Global Climate Change Vulnerability Index. The
vulnerability to climate change is increasing in Pakistan
due to the geographical features and prevailing arid
climate. Furthermore, the human variations that have
been characterized as extraordinary have forcefully
affected the earth’s environment and ecosystems (Lambin
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et al.,, 2001). Eckstein et al., (2019) confirmed that
Pakistan frequently affected by climate extreme events of
152 from 1999 to 2018, resulting in an economic loss of $
3.8 billion.

Very few studies have been conducted about
regional climate change affected by the land-use change
in Pakistan (Shakir et al., 2016; Ali et al., 2011; Babur et
al., 2016; Mahmood et al., 2016; Shahid et al., 2018;
Shaukat et al., 2020; Shahid et al., 2020). Shakir et al.,
(2010) indicated that variation in temperature and rainfall
has a strong impact on the river flows. Trends of the
previous decades in the river flow pattern are entirely
different due to climate change. The recharge within
watershed downstream catchment areas is vital for the
development of landscape and seascape (Midgley et al.,
2002). Babur et al., (2016) indicated that a projected
increase in annual flow was observed in the RCP 4.5 and
RCP 8.5 scenarios. From the detailed investigation, it is
stated that the winter and spring seasons exhibited a
remarkable increase in discharge of water flow. In
contrast, the summer and autumn seasons showed a
decline in the streamflow. The watershed catchment
process is mostly affected by the change in land-use
patterns and climate change (McDonnell et al., 1996).
The water discharge was found to be increased by 21.36
mm due to change in rainfall and temperature patterns
and 17.44 mm owed to change in land use pattern in the
Margalla Hills watershed (Shahid et al., 2020). Shaukat
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et al., (2020) exhibited the decreasing trend of the rainfall
and streamflow in the Tarbela catchment. The
contribution of the land-use change pattern was 60.7%
observed from the analysis. Furthermore, 39.3%
contribution of climate change was found. Presently,
there is no detailed investigation found concerning
climate change and land-use patterns in the Kanshi
catchment and its impact on streamflow.

Mangla sub-watershed lies within the Punjab
boundary of Pakistan that falling in a rainfed area that
highly dependent on summer monsoon rainfall. Kanshi
watershed is the sub-watershed of the Mangala. Punjab
shares 52.95 % of the total population and 26 % total area
of Pakistan. The sharing of major crops of Punjab was
75.5 % in wheat, 70.2 % in Rice, 68.5% in cotton and
67.8 % in sugar cane and the share of fruits was 79.6 %
in mango, 5.8 % in Banana, 96.5 % in Citrus, 76.8 % in
Guava, and 8.1 % in dates (Abid et al., 2015; Abbas et
al., 2016). Climate change in Pakistan strongly affecting
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the flow of a river, resultant in reduced agricultural land
use area. Mangala watershed is also suffering from large
fluctuations in rainfall patterns and temperature.
Therefore, looking into the current expected changes in
climate, the main objective of the current investigation is
to be identified and examined the impacts of climate
change on the water runoff in the Kanshi catchment of
the Potohar Plateau region.

MATERIALS AND METHODS

Study area characterization: The area of Kanshi river
and its watershed lies between latitude 33°14'564.59" N
and longitude 73°36' E. Kanshi river covered an area of
approximately 1111.104 km? located near to the Palote.
According to physiography, the Kanshi river consists of
three primary portions. The first part covers the Gujar
khan tehsil situated in the Potohar Plateau (Figure 1).
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The Potohar Plateau has an area of about 18000
km?with an elevation of 300-600 west of the Indus river
on the north by the Kala Chitta Range and the Margiela
hills and on the South by the Salt range. This river is
drained by the River Soan. The second part comprises
areas of Murree, Kotli-Sattian and some areas of Kahuta
tehsil in the north. The third part included the tehsil of
Rawalpindi, which start from Kahuta in the west to the
Jhelum and down into the Gujar Khan. Gujar Khan and
Kahuta tehsil cover the Mangla watershed mainly lies
within the district boundary of Rawalpindi. The other
sub-watershed of the Mangla watershed that
fundamentally links the Kanshi watershed drains into the
Jhelum River. The Kanshi river has its headwaters in
Kahuta and Gujar Khan.

Data and analysis: In this study, the monthly data set of
mean, minimum, maximum temperature, rainfall, and
streamflow were used from 1961 to 2010 for 50 years.
The 50 years’ time series distributed into four periods;
1961-2010 (50 years); 1971-2010 (40 years);1981-2010
(30 years) and 1991-2010 (20 years). For the Kharif and
Rabi seasons, climate data tabulated from April to
October and October to April, respectively. Furthermore,
four meteorological seasons like the winter (DJF), Spring
(MAM), Summer (JJA) and Autumn (SON) were
selected. After tabulation data, an annual time series from
each period was plotted to identify any observable trend.

Simple linear regression and Pearson correlation
were used to assess the correlation coefficient, trend
magnitude and variability of mean, minimum, maximum
temperature, rainfall, and streamflow in the Kanshi
catchment. The linear regression method is the parametric
test that shows the linearity in the data sets in a smooth
way. For the analytical expression, least square intercept
and slope is a straightforward exercise to reduce the sum
of square residuals. Durbin and Watson's statistics are
testing statistics used before the regression fit to check
the autocorrelation of the data. All the climate variables
have no assumption about autocorrelation. The main
advantage of linear regression is to define the best fitting
line. The slope value used to access climate parameters
changes (Chatterjee et al., 2000; Abbas et al., 2018b).

The slope is similar in form to the Pearson
correlation coefficient and can be obtained with the single
way pass through the data using the computational form
given as the second equality (Wilks, 2011; Vannitsem et
al., 2018). Pearson correlation coefficient is a test statistic
that is used to measure the strength of continuous
variables. It is the best method of measuring the strength
of variables because it is based on covariance. Pearson
correlation's main advantage is to give information about
the magnitude of the association and the direction of the
observed climate variables (Kumar et al., 2004).
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RESULTS AND DISCUSSION

Annual and Seasonal changes in the Temperature and
Rainfall: Pakistan is ranked as the 5" top vulnerable
country to climatic change; the country faced extreme
events like catastrophic climate change events, floods,
and drought. Pakistan's economy relies on the agriculture
sector. Abid et al., (2015) reported that most of the
population depends on the agricultural sector in Pakistan.
Shepherd et al., (2013) also declared that till 2030, the
huge population of Pakistan will face big multi-hazard
risk with a limited capacity level of adaptation (Shepherd
et al., 2013). Based on the above facts, it concluded that
the total rainfall would be decreased in the future.

The availability of irrigation water in Pakistan
mainly depends on rainfall (mostly driven from summer
monsoon rainfall) and the melting of big glaciers, which
are used for water supply to the rain-fed area and used for
irrigated agriculture. The melting of the Karakorum
glacier due to temperature rise is predictable (increase at
50%) in century first half and then will be reduced
(decrease as 40%) at the century's end (Rees and Collins,
2006). There is a huge variation in spatial surface
temperature and rainfall along with tributaries of the
Indus River, which is passed from the province of Jhelum
river, Punjab. The temporal and spatial precipitation and
temperature variation directly affect the hydrological
cycles and generate extreme climatic change in the area.
However, the change in rainfall and temperature patterns
has become a very alarming factor for the crop sector.
Bukhari et al., (2017) confirmed the long-term negative
impact of climate observed on rice, wheat, sugarcane, and
cotton.

The total rainfall changes in the Kanshi river
catchment area from 1961 to 2010 was observed at the
rate of -1.341mm /year. The highest change was observed
from 1991 to 2010, where the trend of rainfall observed
decreasing. The mean annual temperature steady and
significant increase at the rate of 0.06 °C/year during the
last decades from 1991-2010. The annual yearly
maximum and mean temperature also increased at the
rate of 0.053 and 0.047 °C / year respectively (Figure 2).

The unexpected decreasing trend of rainfall
during the last two decades is the main reason for the loss
of vegetation cover. The temporal and spatial variations
in summer monsoon rainfall have a direct reason for
higher losses in agricultural activities. The monsoon
rainfall pattern changes in the Kanshi catchment area
from 1961 to 2010 was observed at the rate of 0.938 mm
lyear, whereas from 1971 to 2010, 1981 to 2010 and 1991
to 2010 at the rate of -2.439, 0.0373 and -9.691 mm /year
respectively. The biggest change observed from 1991 to
2010 was the highly decreasing rainfall with -193.83 mm.
Although summer monsoon minimum temperature
indicates a steady and significant increase in the rate of
0.019 °C / year during the last two decades. Similarly, the
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Figure-2. Changes in the rainfall mean temperature, a
watershed.

cultivated area also observed a decreasing trend for the
years 1951, 1995 and 2009 from 0.4, 0.16 and 0.12 ha
due to an increase in water stress in Pakistan (World
Bank, 2010).

The Kharif rainfall pattern from 1961 to 2010
was observed at the rate of 0.968 mm /year, whereas from
1971 to 2010, 1981 to 2010 and 1991 to 2010 at the rate
of -1.809, -1.194 and -11.201 mm /year, respectively. The
highest decreasing trend was observed from 1991 to
2010. Where the rainfall was highly decreasing with the -
224.20 mm due to increasing the minimum temperature
1.32 °C. The Rabi rainfall pattern from 1961 to 2010 was
investigated at the rate of 0.791 mm /year, whereas from
1971 to 2010, 1981 to 2010 and 1991 to 2010 at the rate
of 2.05, -2.709 and -5.539 mm /year, respectively. The
highest decreasing trend was observed during 1991 to
2010 where the rainfall was highly decreasing with the -
110.78 mm due to increasing minimum temperature 1.30
°C during the last two decades from 1991 to 2010 (Figure
3).

Such increase in temperature has negative
effects on crop production and builds a negative
relationship with the yield (Yasin et al., 2018). This
increasing temperature trend brings the change in rainfall
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patterns, increased variability of Monsoon, and severe
water-stressed conditions in arid and semi-arid areas
cause a decrease in the yield of about 6 to 18%, such as
floods the droughts (Yaseen et al., 2016).

Results revealed that the trend of rainfall in the
summer and winter seasons observed increased. In the
autumn and spring season, rainfall pattern has decreased
for the period 1961to 2010 due to increasing the
temperature (Yaseen et al., 2016). The winter and
summer rainfall pattern increase in the Kanshi from 1961
to 2010 was observed at the rate of 0.532 and 1.577 mm
lyear, respectively. While the autumn and spring rainfall
patterns declined at the rate of -0.409 and -0.0715 mm
lyear, respectively. The rainfall pattern is decreased in all
seasons; winter, summer, autumn, and spring during the
fourth phase. The 1991-2010 rainfall patterns were
declined at the rate of -6.821, -0.018, -1.458 and -4.409
mm /year consistently (Figure 4).

This decrease in rainfall was due to an increase
in temperature, which fluctuates the agriculture sector
and irrigation framework's negative impact. For the last
two decades, climate change had a negative impact on the
Pakistan's agricultural crop production, supporting the
results of Matthews et al., (1994a); Zhang, (1993); Jin et
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al., (1995), and Shakoor et al., (2011). Results showed
that climate parameters are the key element for
agricultural output, such as the rise of temperature,
decline in precipitation and manifestation of extreme
events like droughts, floods and windstorms that directly
impact the crop yields. The severs climate change creates

stress in the period of maturation stage of the crop,
increase the pest attacks, increase the period of
harvesting, lack of availability of irrigation water,
reduced the soil fertility, and increase the soil erosion
process (Rahman, 2016).
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Figure-4. Trends of winter, spring, summer, and autumn rainfall of the Kanshi watershed.
Effects of rainfall and temperature on water From 1961 to 2010, in August and September,

discharge: The Kanshi river is the main drainage of the
Potohar plateau region. The Kanshi river eroding the
material and does not deposit it, like the other rivers of
Punjab. The direction of the river's seasonal flow in a
southern way and then in an eastern way to connect the
Jhelum river. The main six streams included in the
Kanshi river, namely Gulin, Guliana, Kurri, Phahna, Har,
and Missa, joined each other and form a Kanshi stream
network. The variation in temperature and rainfall at
spatial and temporal measures distresses and affects the
streamflow. Moreover, to investigate the effects of
changing climate on streamflow, 50 years of stream flow
from 1961-2010 was examined.

the total water discharge had a significant and negative
trend with p values 0.08 and 0.03. While, from 1971 to
2010, August had a significant and negative trend with p
values 0.02. From 1981 to 2010, the water discharge had
a significant and positive trend with a p-value of 0.02.
While March, April, August, November, and December
had a significant and negative trend with p values 0.00,
0.06, 0.02, 0.06 and 0.08, respectively. Similarly, last 20
years, from 1991- 2010, water release in the months of
the January, March, August, September, October, and
November had negative and significant trend with p
values 0.06, 0.04, 0.00, 0.09, 0.07, and 0.03 respectively
(Table 1).

Table 1. Shows the significance (p values) of monthly water discharge at Palote.

Years Jan Feb  Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1961-2010 038 050 033 064 080 013 065 0.08 003 019 095 085
1971-2010 097 100 022 097 048 031 052 0.02° 017 092 068 051
1981-2010 012 048 000" 006 037 002" 069 002° 034 032 006 008
1991-2010 0.06° 023 004" 013 021 031 087 0.01° 009" 007 003 013

Correlation is significant at 0.001™ and 0.05~

The significant and maximum discharge occurs
in the Kanshi River in August due to the result of heavy
rainfall in the winter season (Table 2, 3). The ground
surface water table is the primary source for domestic
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use; however, the range of the Kanshi water table from
80-300 feet is very low-slung. This Kanshi watershed is
divided into four zones. Each zone has a specific range.
Due to the low depth of the water table, its drilling cost is
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very high, therefore, could not be used in the agriculture
sector. In the Qazian zone, the water table approximately
from 151-200 feet was measured. The water table in the

Dongi zone, Missa-Keswal zone, and Guliana zone was
observed ranges from 100-120 feet, 251-300 feet, and
121-130 feet, respectively.

Table-2. Shows the trend of monthly water discharge at Palote.

Years Jan Feb  Mar Apr May
1961-2010 N N N N P
1971-2010 P P N N P
1981-2010 N N N N N
1991-2010 N N N N N

J

n

U U U UTUC
zzzz<&
zzzz2
«
w
zzzz§g
zzovo9
S
zzz=z5
<
zzz=z%
(@]

P = positive trend, N= negative trend

Table-3. Shows the significance (p values) and trend of seasonal Water discharge at Palote.

vears Winter (DJF) Spring (MAM) Summer (JJA) Autumn (SON)
P value Trend P value Trend P value Trend P value Trend
1961-2010 0.32 P 0.38 N 0.19 N 0.04" N
1971-2010 0.90 P 0.63 N 0.07" N 0.13 N
1981-2010 0.19 N 0.01" N 0.12 N 0.21 N
1991-2010 0.04 N 0.06 N 0.05 N 0.02” N

Correlation is significant at 0.001" and 0.05", P = positive trend, N= negative trend

According to Water and Power Development
Authority (2010), the total discharge of Kanshi river from
1961 to 2010 was 289.72 (m*/s) and discharge from 1971
to 2010, 1981 to 2010 and 1991 to 2010 was 232.40
(m%/s), 170.40 (m%s) and 106.30 (m®/s) respectively.
Figure 4 shows that the average water discharge
decreased from 1991 to 2010 was -5.76 (m‘/s). The
reduced trend was observed in Water discharge (m%/s)
from 1995 to 2000 and followed in the next decade from
2000 to 2010.

The last 20 years from 1991 to 2010 found a
significant and negative trend. Therefore, the highest
flow of water discharge was found in 1992 in the Kanshi
River catchment due to heavy rainfall. The average water
release from 1991 to 2010 was declined, but the 2010
flow was at its peak value. Similarly, in 2010, heavy
rainfall showed that had caused flooding in Pakistan
(Abid et al. 2015). However, it might be estimated that
the average Water discharge from 2011 to 2020 would be
63.130 (m3/sec). If it is reduced by 43.11 % in the usual
water discharge of 53.1045 (m3/sec), then the total water
discharge of the Kanshi river in the next decade from
2011 to 2020 would be 34.685 (m%/s) and if there is a
43.11 % increase in average water discharge of 62.1045
(m3/sec) then the total water discharge might be 89.514
(m3/sec).

From 1961 to 2010, during the autumn season,
the total water discharge had a significant and negative
trend with p values 0.04. While during 1971 to 2010, the
summer season had a substantial and negative trend with
p values 0.07. The water discharge from 1981 to 2010,
spring season had a significant and negative trend with a
p-value of 0.01. So, last 20 years from 1991 to 2010, the
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water discharge in all seasons like winter, spring,
summer, and autumn had a negative and significant trend
with p values 0.04, 0.06, 0.05, and 0.02, respectively
(Table 3). The water discharge trend declined in the
winter; spring, summer, and autumn seasons at the rate of
-0.206, -0.123, -0.520, and -0.209 m3/sec / year during
the last two decades from 1991 to 2010. The highest
change observed in the summer season was due to the
decline in the trend of rainfall and the rise in the mean
temperature in the Kanshi watershed area (Fig. 5 A-D).

Fig. 5E revealed that annual water discharge
decreased from 1961 to 2010 at the rate of -0.0685 m?/sec
/ year due to the decline in the trend of rainfall. Similarly,
during the periods of 1971-2010, 1981-2010, and 1991-
2010 decrease trend at the rate of -0.0327, -0.1070, and -
0.2899 m3/sec / year. The mean temperature in annual
and spring, winter and autumn seasons had risen for the
period 1961-2010. The outcomes of annual and seasonal
rainfall show that the trends were not steady and
consistent. The annual streamflow’s in the Kanshi river
and watershed to reduce up to 41 % with a rise of 1°C
annual mean temperature for the period of 50 years from
1961-2010 (Yaseen et al., 2016). The water discharge of
the Kanshi river has reduced by 44.15 % during the last
two decades from 1991-2010. This substantial and
significant change resulted from climate change or
increased intercession of anthropogenic activities on the
earth's surface. Furthermore, such variations in
streamflow of the Kanshi river due to changes in rainfall
pattern and temperature intensity have negative effects on
the land use pattern and vegetation cover (Shakir et al.,
2010).
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Figure-5. Shows winter (A), spring (B), summer (C) autumn (D) and annual (E) water discharge (m®s) of the

Kanshi river at Palote.

Conclusion: In this study, statistical methods were
applied to investigate the effects of climate change on the
streamflow in the Potohar Plateau region of the Kanshi
watershed. The unexpected decreasing trend of rainfall
during the last two decades is to observe. The water
discharge was also decreased by 44.15 % during the last
two decades. This substantial and significant change
resultant due to climate change or increased intercession
of anthropogenic activities on the earth's surface. The
current study recommended that a water harvesting
structure be constructed for the water resource
management to reduce the impact of climate on the
vegetative cover of Agro-zones of the Kanshi watershed.

220

REFERENCES

Abbas, S., M.S. Hussain, S. Im, S. Lee, and S.A. Shirazi
(2018b). Urban growth and its effect on
temperature trends of Lahore city, Pakistan. J.
Clim. Res. 13(3): 231-245.

Abbas, S., K. Khan and A.A. Khan (2016). REED plus
and their impact on green economy
development: Implication for the sustainable
forest development, Swat Valley, HKH region
Khyber Pakhtunkhwa, Pakistan. Sci. Inter
(Lahore), 28 (5),4657-4664.

Abbas, S., S.A. Shirazi and S. Qureshi (2018a). SWOT
analysis for socio-ecological landscape variation
as a precursor to the management of the
mountainous Kanshi watershed, Salt Range of



Pakistan Journal of Science (Vol. 73 No. 1 March, 2021)

Pakistan. Int. J. Sus. Dev. Wor. Eco. 25(4): 351-
361.

Abid, M., J. Scheffran, U.A. Schneider, M.J. and E.S.D
Ashfag (2015). Farmers' perceptions of and
adaptation strategies to climate change and their
determinants: the case of Punjab province,
Pakistan. Ear. Sys. Dyn. 6(1): 225-243.

Ali M., SJ. Khan, M. I. Asla and Z. Khan (2011).
Simulation of the impact of land-use change on
surface runoff of Lai Nullah Basin in Islamabad,
Pakistan. Landscape and Urban Planning,
102(4), 271-279.

Babur M., M.S. Babel, S. Shrestha, A. Kawasaki and
N.K. Tripathi (2016). Assessment of climate
change impact on reservoir inflows using multi
climate-models under RCPs—The case of
Mangla Dam in Pakistan. Wat. 8(9): 389.

Bokhari S., G. Rasul, A.C. Ruane, G.Hoogenboom, A.
Ahmad (2017). Past and Future Changes in
Climate of the Rice-Wheat Cropping Zone in
Punjab, Pakistan. Pak. J. Meteo. 13(26).

Cao F., L. Dan, Z.Ma and T, Gao (2020). Assessing the
regional climate impact on terrestrial ecosystem
over east Asia using coupled models with land
use and land cover forcing during 1980-2010.
Sci. Rep. 10(1): 1-15.

Chatterjee S., A.S. Hadi, B. Price (2000). Regression
Analysis by example 3" edition, John Wiley and
Sons, New York.

Eckstein, D., V. Kinzel, L. Schafer and M. Winges
(2019). Global climate  risk index 2020.
Available at:
https://germanwatch.org/sites/germanwatch.

Jin Z., D. Ge, H. Chen and J. Fang (1995). Effects of
climate change on rice production and strategies
for adaptation in southern China. Climate
change and agriculture: Analysis of potential
international impacts, (climates change an) pp
307-323.

Kumar, K., K. Rupa Kumar, R.G.Ashrit, N.R. Deshpande
and J.W. Hansen, (2004). Climate impacts on
Indian agriculture. International Journal of
Climatology: A Journal of the Royal
Meteorological Society, 24(11), 1375-1393.

Mahmood, R., S. Jia and M.S. Babel (2016). Potential
impacts of climate change on water resources in
the Kunhar River Basin, Pakistan. Wat, 8(1):23.

Matthews, R.B., M.J. Kropff and D. Bachelet (1994).
Climate change and rice production in Asia.
Entwicklung und laendlicher Raum (Germany).

McDonnell M.J. and Roy E.A (1996). Vegetation
dynamics of a remnant hardwoods- hemlock
forest in New York City. Suppl. Bull. Ecol. Soc.
Am, 77, 294,

Midgley G.F, Hannah L, Millar D, Rutherford M.C and
Powrie L.W (2002). Assessing the vulnerability

221

of species richness to anthropogenic climate

change in a biodiversity hotspot. Glo. eco. And

Biogeogr. 11(6): 445- 451.

S., (2016). Impacts of climate change,
agroecology, and socio-economic factors on
agricultural land-use diversity in Bangladesh
(1948-2008). Lan. Use. Poli, 50: 169:178.

Rees, H.G. and D.N. Collins (2006). Regional differences
in the response of flow in Glacierfed Himalayan
Rivers to climatic warming. Hydr. Process.
20(10):2157-2169.

Shahid, M., Cong, Z., Zhang D (2018). Understanding
the impact of climate Change and human
activities on streamflow: a case study of the
Soan The river basin, Pakistan. Theo. and Appli.
Climato. 134(1-2): 205-219.

Shahid M, Rahman, K U, Balkhair K S, NabiA (2020).
Impact assessment of Land use and climate
changes on the variation of runoff in Margalla
Hills Watersheds, Pakistan. Arab J. Geo. 13(5):
1-14.

Shakir A.S., S, Ehsan (2016). Climate change impact on
river flows in Chitral watershed. Pak.J. Eng. and
Appl. Sci.

Shakoor, U., A, Saboor, I, Ali, A.Q. Mohsin (2011).
Impact of climate change on agriculture:
empirical evidence from the arid region. Pak. J.
Agri. Sci, 48(4), 327-333.

Shaukat R S, Khan M M, Shahid M, Shoaib M, Khan
TA, and Aslam MA (2020). Quantitative
Contribution of Climate Change and Land Use
Change to Runoff inTarbela Catchment,
Pakistan. Pol. J. of Environ. Stu. 29(5).

Shepherd A., T. Mitchell, k. Lewis, A. Lenhardt, L. Jones
L, L. Scott L and R. Muir-Wood (2013). The
geography of poverty, disasters, and climate
Extremes in 2030.London: ODI.

Vannitsem S, D.S. Wilks and J. Messner (2018).
Statistical postproces Forecasts. Elsevier.

Rahman,

Wilks, D.S. (2011). Statistical methods in the
atmospheric sciences (Vol. 100). Academic
Press.

Yaseen, M., G. Nabi, M. Latif (2016). Assessment of
climate change at Spatial-temporal scales and its
impact on stream flows in Mangla Watershed.
Pakistan. Pol. J. Eng. Appli. Sci.

Yasin, M\W., M.R. Khan, M. Amin (2018). Impacts of
Spatio-Temporal Changes in Rainfall and
Temperature on Different Crops in Selected
Districts of Punjab, Pakistan. Sar. J. Agri. 34(2)
400-413.

Zhang, H. (1993). The impact of the greenhouse effect on
double rice in China. Climate Change and its
Impact pp 131-138.


https://germanwatch.org/sites/germanwatch

