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Abstract

 The Upper Indus river basin (UIB) is not only significant because of its freshwater supply for agriculture 
and hydropower electricity generation but also for its contribution to maintaining ecosystem services. Land 
cover and land-use changes (LULC) are linked to socio-economic, and local climatic and hydrological 
conditions. Annual LULC changes in the UIB between 2001 and 2016 are studied using Moderate Resolution 
Imaging Spectroradiometer (MODIS) land cover product. The LULC data from MODIS is correlated to 
ground-based runoff (1984-2016), precipitation and temperature data (1960-2016). Mann Kendall and 
Pearson's correlation tests are used for data analysis. The overall accuracy of the MODIS land product is 87% 
with the kappa coefficient value of 0.82. The mainland cover types in terms of area coverage are barren land 
53%, grassland 31% and permanent snow and ice 15%. Vegetation like forestland, grassland, cropland and 
savanna increased significantly during the period of observation. Most of the barren land is replaced by 
permanent snow and ice and a reduction was observed from 55.29% in 2001 to 52.78% in 2016. On the other 
hand, annual total precipitation and annual river flow exhibit significant increasing trends while the annual 
mean temperature was observed to be slightly increasing. A strong correlation exists between snow and ice-
covered area, vegetation and annual total precipitation. These results might be helpful to the concerned 
departments dealing with land planning, climate change, water resources and power generation.
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1.  Introduction       
    
 Land cover is a dynamic variable 
reflecting the interaction between socio-
economic activities and regional environmental 
changes (Munroe and Muller, 2007). The land 
cover represents the earth surface consisting of 
built-up area, water bodies, barren land, 
vegetation, snow and glaciers etc. On the other 
hand, land use indicates the management of the 
land, such as, amusement, agriculture or 
habitats for wildlife (Wu et al., 2008). 
Anthropogenic activities have been recognized 
as one of the most important causes of LULC 
changes as well as changes in natural 
environments (Bennett and Saunders, 2010). 
Additionally, emissions from industries, 

agricultural activities, and other anthropgenic 
actions affect climate through alteration in 
LULC (Hansen et al., 2012). LULC play 
critical role in the interface between the ground 
and the atmosphere, affecting local, regional 
and global climates (Pielke, 2005). The impact 
is likely to be substantial in areas with forest 
loss or gain as it will result in the alteration of 
carbon exchange (Brown et al., 2014). 

 The Upper Indus river basin (UIB) is not 
only important because of its freshwater supply 
for agriculture and hydropower electricity 
generation but also for the aesthetic beauty, 
high elevated mountains, glaciers, and support 
to maintain biodiversity. That is why UIB has 
attracted international and national researchers.
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A lot of researches have focused on the 
hydrology of the UIB, they have found an 
increase in the stream particularly in the winter 
and spring seasons (Sharif et al., 2013; Khan et 
al., 2015; Adnan et al., 2017; and Yaseen et al., 
2020). In contrast to the global projection for 
snow-covered areas, the UIB is exhibiting 
mixed trends. For instance, recent studies have 
shown that lower elevated basins are 
experiencing a decrease in the snow-covered 
areas while high elevated basins are gaining 
snow-covered area (Forsythe et al. 2012; 
Hasson et al. 2014; Bilal et al. 2019). Similarly, 
the temperature and precipitation trends are 
heterogeneous depending on the climatological 
conditions of the subbasins (Fowler and Archer, 
2006; Khattak et al., 2011; Raza et al., 2015; Ali 
et al., 2017; Bilal et al., 2019; Azam et al., 
2020). LULC changes have strong impacts on 
the microclimate of an area. Air temperature 
and near-surface moisture were reported to 
change in regions where forest is replaced by 
agricultural activities (Karl et al., 2012). Forest 
clearance for agricultural activities is also 
responsible for altering regional daily 
maximum temperature (Bonan, 2001). On the 
other hand, the introduction of irrigated 
agriculture can modify the regional precipi-
tation pattern (Harding and Snyder et al., 2012). 
LULC changes also influence the hydrology of 
the area. In the Tana sub-basin Ethiopia, the 
expansion of cultivation land and decline in a 
woody shrub was responsible for the increase in 
discharges and deterioration of groundwater 
resources (Woldesenbet et el. ,  2017). 
Investigation on LULC changes is crucial to 
understanding the present and upcoming 
changing aspects of deforestation and the roots 
causes for instance, forest fires, urban 
development, agricultural activities, loss of 
flora and fauna, and global climate change 
(Radoux et al., 2014).

 The LULC changes in the UIB and their 
relationship with the observed variation in 
cryosphere, hydrosphere and climatic 
parameters are still unknown.  The present 
research is a pioneer study to fill the gap by 
correlating the LULC changes with climatic 
and hydrological parameters. Continuous 
monitoring of the LULC changes in UIB is 
important in understanding the dynamic forces 
which are responsible for the variation in 

climatic and hydrological parameters. This 
study aims to identify the LULC dynamics in 
the UIB during the periods of observation by 
satellite data and to discuss the correlation 
between LULC changes and the hydro-
meteorological parameters. It is also significant 
to study the LULC changes to provide 
evidence-based support to improve water 
resource management, land management, flood 
and climate change-related policies and 
practices. 

2. Data and Methods

2.1 Study area

 The UIB is located between 72°–76°E and 
34°–37°N having a total land area of 68917.95 
km² as measured at Shatial bridge station. The 
elevation of UIB ranges between 877~8564 m 
ASL (Fig. 1). The UIP is known for the highest 
mount peaks one of them is the Godwin Austin 
(K-2). It is the main freshwater supply 
catchment area to the UIB (Bilal et al., 2019). 
Based on the Randolph Glacier Inventory 6.0, 
around 13082.94 km² area of the UIB is 
enclosed by glaciers. Most of the Indus runoff is 
a result of meltdown from these glaciers 
(Hewitt, 2005).

2.2 Digital Elevation Model

 Shuttle Radar Topography Mission 
SRTM having a resolution of 30m was utilized 
for the delineation of the UIB. The SRTM DEM 
data is freely available at https://earthexplorer. 
usgs.gov/. Before delineation SRTM images 
were mosaicked and the study area was 
demarcated using the ArcMap software version 
10.2. 

2.3 MODIS

 MODIS Land Cover Type (MCD12Q1) 
Version 6 is the combination of MODIS Terra 
and Aqua data. MCD12Q1 has a spatial 
resolution of 500m at yearly intervals (2001-
2016). The (MCD12Q1 provides annually 
updated global landcover maps (Sulla-
Menashe and Friedl, 2018). The latest 
collection 6 MCD12Q1 is consist of the six 
global land cover classification schemes. 
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 International Geosphere-Biosphere 
Programme IGBP is used in the current study. 
IGBP classification scheme has 17 land cover 
classes. A data set of ~ 32 MCD12Q1 images 
(h24v05 and h23v05) was acquired from 
https://earthdata.nasa.gov/. The projected tiles 
were mosaicked, and the study area was 
extracted using a 30-meter digital elevation 
model as a mask in ArcMap 10.2.

2.4. Accuracy assessment

 Statically defensible and transparent 
accuracy assessments are essential to ensure the 
integrity of the products developed and enable 
end-user confidence and uptake (Wulder et al. 
2018). 800 data points were collected randomly 
from the MODIS land cover product. Data 
points were imported to Google Earth Pro as 
Keyhole Markup Language KML layer and 
were checked in Google Earth Pro at different 
time intervals. The overall accuracy of the 
MODIS land cover product was 87%. Cohen's 
kappa coefficient value is 0.82 which means the 
almost perfect agreement between classifica-
tion and reference data. The original 17 classes 
are simplified into 8 classes for a better 
understanding of the land-use changes (Table 1).

2.5 Hydrometeorological data

 Monthly mean temperature and monthly 
total precipitation data from 1960-2016 were 
made available from six weather stations (Fig. 
1) installed by the Pakistan Meteorological 
Department. The monthly mean temperature 
and total precipitation data of six weather 
stations are averaged to get a representative 
annual dataset of the UIB. For the correlation 
between hydrometeorological and LULC data, 
the annual dataset is selected from 2001-2016 
as MODIS land product data is only available 
from 2001-2016. Besides, monthly river flow 
data of the Indus river at the Shatial bridge 
gauging station from 1984-2016 is used in this 
study to investigate the correlation between 
hydrometeorological data and LULC data. 
Monthly average River flow data was supplied 
by the Water and Power Development 
Authority (WAPDA).

2.6 Data analysis

 Annual trends in mean temperature, 
average total precipitation, land cover classes and 
river flow were determined using Kendall's tau 
(τ) and Sen's slope (S) (Mann 1945; Sen 1968;

Fig. 1. Digital Elevation Model of the Upper Indus Basin superimposed with weather stations 
and gauging stations. 
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and Kendall, 1975). The Mann Kendall test is 
non-parametric, it does not need the data to be 
normally distributed, and secondly, the test is 
less sensitive to sudden breaks triggered by 
heterogeneous time-series datasets (Tabari et 
al., 2011). The Mann-Kendall (MK) test is 
applied to distinguish a trend in a series of 
climate and hydrology related data. The null 
hypothesis (H0) is that the data has no trend. 
The alternative hypothesis (Ha) means that the 
dataset pertains a trend. For the correlation 
between LULC and the hydrometeorological 
parameters, Pearson's correlation test is used 
with a 5% significance level.

3. Results and discussion

3.1 Land cover types

 The land cover of the UIB is composed of 
8 land cover classes namely; forestland, 
shrubland, savannas, grasslands, croplands, 
urban and built up, permanent snow and ice and 
barren land. Based on the land cover data from 
2016, mainland cover types are barren land, 
grassland and permanent snow and ice 
account ing  fo r  53%,  31%,  and  15% 
respectively. The higher altitudes in the GB are 
mostly barren due to the harsh environmental 
conditions. At higher altitudes, trees usually 
cannot tolerate the harsh environmental 
conditions and that is why more than 55% of the 
UIB's land is barren. Grassland is the second 
main land cover class occupying 31% of the 
total land cover. These grasslands are vital for 
the ecosystem functioning and sustenance of 
the livestock. The third major land cover of UIB 
is the permanent snow and ice. Due to the 
higher elevation, UIB mostly gets precipitation 
in the form of snow. Permanent snow and ice 
contribute 15% of the total land cover. The total 
population of Gilgit Baltistan is 1.249 million 
with a population density of 17.12 per square 
kilometre. Thus, the built-up area covers only 
0.3 % mainly distributed in valleys along both 
sides of the Indus river. 

3.2 Land-use change 2001 vs 2016

 Analysis of the last 16 years annual land 
use data shows that savannas, grasslands, snow 
and ice, cropland and urban and built-up area 
are experiencing a positive trend. While, the 

area under forestland, shrubland and barren 
land is decreasing (Table 2).

 Forests in mountainous areas are vital for 
socio-economic activities and biodiversity. 
Forests act as a filter, recharging underground 
aquifers, protecting watersheds, preventing soil 
erosion and mitigating climate change. The 
evergreen forest of the UIB is composed of the 
broadleaf and needle leaf forest. The most 
common tree species are Pinus wallichiana, 
Pinus wallichiana, Picea-Juniperus, Picea-
Pinus, Pinus wallichiana, Picea smithiana, 
Pinus wallichiana, Betula utilis, Juniperus 
macropoda, Abies pindrow (Akbar et al., 2011). 
Data analysis shows that forestland in 2001 was 
88 Km² which is reduced to 80 Km² in 2016 
with a net change of -8 Km². Decreasing forest 
in the UIB was also reported by Ahmad and 
Abbasi (2011). However, the overall annual 
trend for forestland is positive. Similarly, the 
area under the shrublands also decreased by -
21% throughout the observation. The possible 
reason for the reduction in forestland and 
shrubland is the dependency of the local 
community on scarce forest resources. People 
use timber mainly for construction and 
fuelwood. However, the land covered by 
savanna is increasing. About 0.34% of the area 
was covered by savanna in 2001 which 
increased to 0.42% in 2016 with a 22% per cent 
change. As mentioned earlier, due to the harsh 
environmental conditions and topography more 
than 53% of the land is barren in the UIB. The 
proportion of barren land was 55% in 2001 
which is reduced to 53% in 2016. Spatial 
analysis showed that a major portion of barren 
land is replaced by snow and ice (Fig. 2). The 
UIB receives a significant amount of 
precipitation as snow in winter. Snow is melted 
as the summer temperature rises which results 
in the continuous fresh water supply for 
downstream agriculture and hydropower 
generation. More than 60% of its river flow 
comes from snow and glaciers melting 
(Immerzeel et al., 2010). The present study 
shows that the snow and ice area increased from 
12% in 2001 to 15% in 2016. Recent studies 
also suggest steady and expanding glaciers and 
snow cover in the Karakoram and Hindukush 
region (Tahir et al., 2011; Forsythe et al., 2012; 
Bolch et al., 2012; Bhambri et al., 2013; 
Gardelle et al., 2013; and Bilal et al., 2019). 
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Table. 2. Comparison of land cover change 2001 vs 2016.

Table. 1. IGBP  classification  and  reclassified classes by combining the count values of the 
              respective classes. 

Fig. 2. LULC changes in the Upper Indus Basin. The black and blue colour 
represents the difference between 2001-2016. The black colour 
represents area loss while the blue colour represents area gain.
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 Grassland and cropland area also 
increased from 31.26% and 0.10% in 2001 to 
31.52% and 11% in 2016. Grassland is vital for 
soil fertility and the sustenance of livestock and 
wildlife. Because of the harsh terrain urban area 
and agricultural activities are restricted to 
riversides in the valley bottom. Urban and built-
up areas increased by 3% from 60 Km² in 2001 
to 62% in 2016. 

3.3. Annual land-use time-series data

 Annual time series data analysis is 
important as it gives a detailed picture with more 
information about the area in question. Analysis 
of Kendall's tau (τ) coefficient values at 5% 
significance level shows some statistically 
significant increasing trends in grassland, urban 
and built-up area and snow and ice-covered area 
during 2001-2016. In contrast, a significant 
negative trend was detected in shrubland and 
barren land (Table 3). Forestland and cropland 
areas also exhibit slightly increasing trends, 
however, trends are not statistically significant. 
The use of annual time series land use data is a 
better option than decadal or randomly selected 
land use data. For instance, the forestland was 88 
Km² in 2001 which is reduced to 80 Km² in 2016 
with a net change of -8 Km². However, analysis 
of the annual time series data from 2001-2016 
indicated an overall increasing trend in 
forestland. Thus, decadal and randomly selected 
LULC change data carries a considerable amount 
of uncertainties by neglecting the significant 
LULC changes between two time steps. 

3.4. Hydrometeorology

 The UIB is located between 877-8564 
meters above sea level. The mean temperature 
fluctuates from -6°C in January to 17°C in July. 
Due to the greater elevation, lower temperature, 
lower pressure, orographic processes, winter 
westerly disturbances and the presence of 
perennial snow and glaciers a higher spatial 
variability exists in the hydrometeorological 
parameters (Bilal et al., 2019). In lower elevated 
areas like Gilgit (1550 m ASL) the summer 
temperature goes up to 30°C and drops to 7°C in 
winter. Annual average data assessment of six 
weather stations suggested a considerable rise in 
the annual total precipitation (τ =+0.198, p<0.05) 
and a slight non-significant increment in the 
annual mean temperature (τ =+0.042, p>0.05)  
(Fig. 3). Archer and Flower (2004) also reported 
an upward tendency in the total precipitation. 

 The river flow of the UIB is greatly 
dependent on the glacier and snowmelt. Seasonal 
snow is accumulated in winter which is melted 
down by the increase in summer temperature. 
Peak river flow at Shatial gauging station is 
observed in July and August 6000-6500m3s-1. 
Monthly runoff data at the Shatial gauging 
station also showed a substantial increase in the 
river flow (τ =+0.286, p<0.05) throughout 
observation 2001-2016. Similarly, total annual 
precipitation is significantly increasing (τ 
=+0.192, p<0.05) throughout observation in 
contrast to the non-significant positive trend in 
mean annual temperature (Fig. 3). These results 
are in agreement with the recent findings of 
Azam et al. (2020) and Yaseen et al. (2020). 

Table. 3 LULC changes based on the annual time series data from 2001-2016. 

Note: * represent significance p<0.05.
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Fig. 3. Long term variation in (A) annual mean runoff 1984-2016, (B) total annual precipitation and 
(C) mean annual temperature in UIB from 1960-2016. τ is Kendall's tau, S= Sen's slope.
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3.5. Correlation 

 Mann Kendall trend test has indicated that 
urban and built up, grassland and permanent 
snow and ice area has increased significantly, 
while the area covered by shrubland and barren 
land has decreased significantly over the period 
of observation 2001-2016 (Table 3). Land cover 
classes are correlated with climatic parameters. 
For example, variation in the temperature and 
precipitation can alter the growth of shrublands, 
forest cover, snow and ice cover and eventually 
runoff. Five land cover classes (snow and ice, 
grassland, built-up area, shrubland and barren 
land) were selected based on the significance of 
the Mann Kendall trend test to look for the 
possible correlation among the land cover classes 
as well as with the climatic parameters. The 
selected land cover classes and climatic 
parameters were analyzed by Pearson's 
correlation at a 5% significance level (Fig. 4).

 According to Pearson's correlation, a 
statistically significant negative correlation 
exists among shrubland, grassland, urban and 
build-up, and snow and ice-covered area. This 
indicates that a significant portion of shrubland 
has been replaced by these land cover classes. A 
similar strong negative correlation is observed 
between urban and built up, shrubland and barren 
land. Most of the population and agricultural land 
is situated at the bottom valleys where shrubland, 
barren land and savanna are the most common 
land classes. This negative correlation explains 
that shrubland and barren land has been 
converted to urban and agricultural land over the 
period of observation. 

 Similarly, the area covered by permanent 
snow and ice has a significant correlation with 
shrubland and barren land. As stated, earlier the 
snow and ice area has increased significantly 
with the net change of 4706 km² which has 
resulted in the decline of shrubland and barren 
land. Most of the areas at high altitudes are barren 
because of the harsh weather conditions making 
it not suitable for woody vegetation to exist. The 
spatial analysis also indicates that most of the 
barren land is replaced by permanent snow and 
ice at high altitudes. These outcomes are also 
established by the former research in the sub-
basins of the UIB. Bilal et al. (2019) have found 
that snow cover in the UIB is increasing. Similar 

increasing trends were stated by Hasson et al. 
(2014). 

 It was further found that precipitation has a 
significant positive correlation with the snow and 
ice-covered area (Table 4). As the precipitation 
increases the snow cover also increases this is 
because most of the precipitation fall in the UIB 
as snow rather than rain especially in areas that 
are situated more than 5000m (Fowler and 
Archer, 2004; Immerzeel et al., 2010). 
Precipitation was further observed to have a non-
significant positive correlation with forestland, 
savanna, grassland and cropland. This is a 
generally accepted phenomenon, an increase in 
soil moisture will increase vegetation growth. A 
similar positive correlation was found between 
vegetation growth and precipitation in the 
Huang-Huai-Hai River Basin, China (Yan et al., 
2017). A similar weak direct correlation was 
observed between runoff, precipitation and snow 
cover and ice. This correlation is due to the 
dependency of the Indus River flow on glaciers 
and snowmelt. Mukhopadhyay and Khan (2015) 
estimated that upstream of Tarbela Reservoir 
70% of the annual flow is meltwater of which 
44% by snowmelts and 26% is contributed by 
glacial melts. A major portion of the UIB (90%) 
is not exposed to the summer monsoon. A small 
area about 10% upstream of the Tarbela reservoir 
is unprotected by high mountains and is directly 
exposed to the summer monsoonal precipitation 
(Immerzeel et al., 2010).

4. Discussion

 LULC changes have a profound impact on 
the hydrological processes (López-Moreno et al., 
2011). The possible effects of LULC changes in 
mountainous areas involve variations in 
evapotranspiration, discharges and snowmelt 
processes (Andréassian, 2004). Snowmelt rates 
are slower under forests as the thick canopy 
blocks most of the incoming solar radiation. The 
observed slight increasing trend in forestland 
could be one of the factors to the substantial 
expansion in the snow and ice cover area. Recent 
research on the cryosphere also suggest stable 
and advancing glaciers and snow cover in the 
Karakoram and Hindukush region (Forsythe et 
al., 2012; Bolch et al., 2012; Bhambri et al., 
2013; Gardelle et al., 2013; Tahir et al., 2011; and 
Ullah et al., 2016). 
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There has been growing interest that how plants 
will respond to more extreme precipitation in 
changing climatic conditions influenced by 
natural and anthropogenic activities. Changes in 
the soil water content due to variation in 
precipitation is likely to affect vegetation. 
Climatic characteristics like precipitation and 

temperature determine the probability of an area 
being a forest, savanna or desert (Hirota et al., 
2010). Upward trends in the rainfall may 
encourage the growth of woody vegetation in 
savannah environments (Holmgren et al., 2013; 
Kulmatiski and Beard, 2013). The observed 
increasing trend in precipitation is very crucial

Table. 4. Correlation between land cover classes and hydrometeorological parameters. Bold values present 
significance p<0.05.

Fig. 4. Correlation between the hydrometeorological and land cover classes. 
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for ecosystem transformation. An increase in the 
amount of precipitation is reported to boost 
vegetation growht in semi-arid and dry areas 
(Xiao et al., 2015). In the present study, the 
observed increasing trend in vegetation can be 
attributed to the increased precipitation. The 
latest research also indicates that vegetation 
greenness has increased in the Northern 
Hemisphere especially in China (De Jong et al., 
2011; Piao et al., 2015; and Liu et al., 2016;).  

 On the other hand, changes in vegetation 
also influence land-atmospheric interaction. 
Vegetation dynamics are reported to play an 
essential role in regulating the monsoon rainfall 
distribution in West Africa (Hales et al., 2006; 
Xue et al., 2012). According to Snyder et al. 
(2004, 2010) reduction in the tropical forest 
cover is closely linked to increased warming and 
reduced precipitation. Therefore, an increase in 
the overall vegetation could also be one of the 
factors behind increasing precipitation in the 
UIB. 

 Indus river is the main fresh water supply 
source to the downstream areas for agriculture 
and hydropower generation. The significant 
increase in the annual Indus river flow is of great 
concern for the downstream flood-prone areas. 
Previous studies also support increasing runoff in 
UIB. Similar increasing trends were also 
reported in the UIB by (Ahmad et al., 2012; 
Sharif et al., 2013; and Khan et al., 2015). 
Variation in vegetation also affect runoff by 
c a n o p y  i n t e r c e p t i o n  a n d  i n c r e a s e 
evapotranspiration. Research suggests that forest 
cover has encouraging influences on the 
hydrological cycle, an increase in forest cover 
enable large-scale transportation of water vapour 
and promote precipitation at local to global scales 
(Liu et al., 2008; Sheil and Murdiyarso, 2009; 
Jiang and Liang, 2013). Even though large snow-
dominated watersheds like UIB are usually 
robust to forest cover alteration as in comparison 
to large rainfall controlled watersheds (Zhang et 
al., 2017). Vegetation does play an important role 
in regulating the streamflow at the sub-basin 
level within the UIB. Tough, LULC time series 
data is available from 2001-2016, a significant 
increase in the grassland and snow and ice cover 
area could be attributed to the changing 
precipitation regime of UIB. Further research is 
needed to project the LULC changes in changing 

climatic conditions in UIB and their possible 
impacts on human and ecosystem services.

5.  Conclusion
 
 The present study utilized spatial-temporal 
assessment techniques, which increases our 
understating about the pronounced LULC 
changes in the UIB. Satellite and ground data 
have been used to study long term trends and 
interrelationships  between LULC and 
hydrometeorology of the UIB. The overall 
accuracy of the MODIS land cover product was 
87%. Cohen's kappa coefficient value is 0.82 
which means a good agreement between 
classification and reference data. The MODIS 
land product is a reliable and efficient dataset for 
the identification of land cover classes in large 
basins like the UIB.

 The UIB is a snowmelt and glacier melt 
basin. It is vital for the sustenance of biodiversity, 
highest peaks, storage of fresh water and 
continuous water supply for agriculture and 
hydropower. The UIB has observed significant 
variation in LULC pattern as well as in 
hydrometeorological parameters during 2001-
2016. A significant increase in the land cover area 
has been observed in grassland, grassland urban 
and snow-covered area. The precipitation regime 
is going through a significant increase while the 
mean temperature is slightly decreasing. Data 
analysis also revealed that Indus River runoff has 
increased over the period of observation. The 
observed increase in  the total  annual 
precipitation could be the reason for increased 
vegetat ion  in  the  UIB.  Furthermore, 
intensification of the rainfall regime is globally 
expected to increase the woody vegetation. 
Positive changes in forestland, grassland, 
savanna and snow and ice cover area could be 
attributed to the changing precipitation regime of 
UIB. Modelling of the sub-basins within the UIB 
will further enhance our understanding of 
vegetation and increasing precipitation regime. 
The findings of the present research work are 
expected to help city developers, and local 
governments for planning and development, 
hazard, flood management and knowledge about 
LULC in the UIB.
.
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