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Abstract

The current study used a threshold approach to determine the number of drought events, scarcity, 
their mean and maximum duration whereas New Innovative Trend analysis (ITA) was used to determine 
the spatio-temporal pattern of hydrological drought from 1961 to 2010. The results revealed a trendless 
pattern of scarcity at Dainyor station excluding extreme pattern which increased significantly whereas 
the mild pattern of water scarcity was observed at Gilgit station which was found to be increased 
significantly while other factors of hydrological drought were found trendless. The extreme pattern 
of water scarcity was found to be increased at Garhi Habibullah station whereas the scarcity pattern 
increased significantly at Naran station. Overall, the extreme pattern of scarcity increased considerably 
in the UIB. A significant increase in the maximum duration of drought events and an insignificant 
increase in the extreme pattern of the maximum duration of the drought was observed at Naran. Though, 
it was observed an increase in the mild pattern of maximum duration at Dainyor whereas a decrease at 
Gilgit. However, the maximum duration pattern decreased significantly at Garhi Habibullah. All other 
patterns of maximum duration occurred in the trendless region. 
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Introduction

Drought is one of the most destructive and 
widespread natural disasters [1, 2]. Mostly hydrological 
drought is recorded due to a significantly lower level 
of hydrological variables than normal [3]. Drought 
significantly disturbs the hydrological cycle and the 
streamflow observed lower than the normal levels 
of the region [4]. Drought has a negative impact 
on agriculture, community, ecology, economy, and 
politics [5]. Many studies have been conducted around 
the world to investigate the drought pattern in North 
America [6], Amazon basin [7], South Korea [8], 
Nigeria [9], Canada [10]. Droughts-prone disasters 
have become a rising challenge in different parts of 
the world like Africa [11], East and South parts of Asia 
during 1960-2010 [12]. [13] determined the complex 
influences of meteorological drought time-scales on 
hydrological droughts. A hydrological drought index 
(the Standardized Streamflow Index; SSI) was linked 
to the Standardized Precipitation Evapotranspiration 
Index (SPEI) to evaluate the drought severity. Overall, 
it was observed a positive response of SSI to SPEI 
at shorter time-scales for natural basins adjoining 
the United States. Similarly, [14] used standardized 
precipitation, water level, and runoff indexes to monitor 
the drought in the Vistula basin Poland. Another, study 
conducted by [15] determined the agricultural-related 
drought risks through satellite images in Ukraine. 
The eastern countries of Asia including China have 
suffered more from extreme droughts as compared to 
the rest of the world [16, 17]. A significant portion of 
Bangladesh was affected by drought during the Kharif 
Season and the highest return period for moderate 
and severe categories of droughts were observed in 
this region [18]. Similarly, climate change has also 
increased the frequency of meteorological droughts 
in Malaysia [19]. However, the moderate drought and 
wet events in India were found to be relatively more 
than that of severe and extreme droughts [20]. The 
drought hazardous index showed an inverse relationship 
with precipitation and elevation and it increased 
with low elevation and precipitation [21]. Droughts 
are becoming common in the future due to climate 
change [22, 23], which emphasizes on understanding 
the patterns of droughts severity, and duration [24].  
Drought events had also been perceived in India during 
July 2002 [25]. Indus River passes through the territory 
of India, Pakistan, and China. Streamflow in the Upper 
Indus Basin (UIB) is characterized by extreme events 
such as seasonal droughts and floods having different 
magnitudes. The precipitation regime has also been 
shifted from the south (dry alluvial plains of Sindh 
Province) to the north (Himalayan Mountains) part of 
the UIB. Conversely, flood events have been observed 
in the southern part of the UIB during the spring 
seasons [26].  

Pakistan had faced severe types of drought events. 
Most of which occurred during the late 1960s, mid-

1980s, late 1990s, and early 2000s. The drought event 
of 1998 had decreased agricultural growth by 2.6% 
between 2001 and 2002 [27]. The drought events of this 
region were classified as moderate (1969), severe (1998), 
and normal (2005), respectively. The worst drought 
spell of Pakistan’s history was observed between 1999 
and 2000. 

It has been observed an increasing trend in drought 
events during the last 12 years [28]. The drought 
spell of 2001-2002 resulted in a water shortage of up 
to 51% of normal supplies in contrast to 40% of the 
previous year. The drought spell of 2000 has also 
damaged the livestock of more than 30,000 in Sindh 
and Baluchistan provinces [29], and [30] considered this 
drought as vulnerable to Pakistan’s economy. Moreover, 
Balochistan and Sindh provinces had experienced 
extreme meteorological conditions between 1961 and 
1990, and these extreme drought events directly or 
indirectly affected a large population of this region 
[31]. The drought spell of 1993-2002 has directly or 
indirectly affected nearly 8,989,631 peoples and lost 
6,037 lives [32]. 

Pakistan is an agro-based country, and the survival 
of agriculture is reliant on water resources. The severe 
shortage of rainfall in Sindh, Balochistan, and South 
Punjab provinces caused drought events which resulted 
in water shortage and ultimately low economic activity 
in this region. The drought spell caused a huge loss 
of sheep, goats, cattle, horses, donkeys, camels, and 
poultry which was estimated up to Rs. 15 billion in 
the livestock sector [33]. Overall, the loss of financial 
assets estimated to (Rs.3.500 00 PKR) in Balochistan, 
(Rs.1.630 000) in Sindh, (Rs.4.400 000) in Khyber 
Pakhtunkhwa, and (Rs.5.500 000) in Punjab [34]. The 
previous history of drought events in Pakistan incites 
us to identify new trends and patterns of hydrological 
droughts in UIB. However, it is still unclear whether 
such recent, unprecedented events are part of 
spatiotemporal drought patterns that could be identified 
in historical streamflow observations. 

Still, there is a lack of investigations on the 
spatiotemporal distribution of drought events, water 
scarcity, and duration. This situation requires using 
more accurate novel methods of innovative trends to 
enhance the analytical accuracy in data-scarce regions 
of the UIB, Pakistan. The main hindrance is the 
unavailability of historical hydrological information 
of the UIB in the way of understanding the pattern of 
hydrological drought events. Moreover, the streamflow 
gauging stations installed in remote areas are not 
easily accessible and have missing records of different 
seasons. [35] investigated the trends in drought events 
with respect to time distribution, return period, and 
extreme precipitation in UIB. There is still a lack of 
knowledge to understand the drought characteristics. 
So, the novel innovative trend (ITA) patterns were 
examined to precisely determine the trend pattern of 
hydrological drought for UIB which is a great source 
of water for agriculture and industry in Pakistan. 
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Thus, the objectives of this study include to reveal  
the statistical characteristics of hydrological drought 
event’s parameters and to detect the spatiotemporal 
trends in terms of duration and severity at different 
periods in UIB. So, the knowledge of the trend pattern 
of drought is essential to manage the inflows-outflows 
of dams and barrages located downstream of UIB. The 
outcomes of the current study will prove beneficial 
in managing regional water resources and to save the 
country’s economy from possible loss. 

Study Area

The part of the Indus basin above Mangla Dam is 
known as UIB. Gilgit, Hunza, and Kunhar are major 
tributaries of the UIB. The Mangla Dam receives 
11% of the Kunhar River flow. Being in the Western 
Himalayas, the major part of the Kunhar basin lies at 
an altitude above 1500 m and its coordinates are 34°N 
and 74°E as presented in Fig. 1. The drainage area 
of the basin is approximately 2535 km2. It receives 
precipitation from the summer monsoon and winter 
westerlies. The seasonal precipitation shows two peaks 
in the part of the basin influenced by the monsoon 
while only one precipitation peak is detected in the 
part of the basin affected by the westerlies based on the 
analysis of the observed precipitation record of Naran 
meteorological station. 

The Hunza River basin is greater than the Kunhar 
basin. The Hunza River basin has a drainage area 
of 13,713 km2 (Fig. 1), geographically extends from 
36.05°N, 74.04°E to 37.08°N, 75.77°E. It is located at the 

high-altitude of the central Karakoram region having a 
mean elevation of 4,631 m. Approximately 4,152 km2 
(or 30%) of the catchment area is glaciated. The Hunza 
River carries the principal amount of water from May 
to September which is 90% of the total annual flow.  
The peak flow is generally observed in July. 

The Gilgit River basin is another major tributary 
of UIB having a catchment area greater than Kunhar 
and less than the Hunza River basin. The Gilgit River 
basin with a drainage area of 13,471 km2 (Fig. 1) 
encompasses the eastern part of the Hindu Kush Range 
and drains southeastward into the Indus River. Gilgit 
River streamflows are measured at Gilgit and Alam 
Bridge hydrometric stations. Geographically, the basin 
extends from 35.80°N, 72.53°E to 36.91°N, 74.70°E. 
The elevation of the basin ranges from 1250-7730 m 
a.s.l. Approximately 982 km² (or 8%) of the catchment 
area is above 5000 m elevation which is glaciated and 
it accounts for 4% of the UIB cryospheric extent [36]. 
Gilgit River basin also receives precipitation from both 
westerlies and Indian summer monsoon. The Gilgit 
River basin has 585 glaciers and 605 glacial lakes, 
whereas, out of 605 glacial lakes, 8 are potentially 
dangerous [37].

Materials and Methods

Dataset

The daily streamflow data collected from the Water 
and Power Development Authority (WAPDA), of 

Fig. 1. Map of the study area.
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Pakistan from 1961 to 2010 are presented in Table 1.
Criteria for the Selection of Threshold Value

Hydrological drought is defined using a threshold 
from the time series of a given station for a given 
period. A drought event is said to be the period during 
which the runoff is below the threshold level. Therefore, 
the role of the threshold value is important for defining 
the drought event. The past researchers used different 
thresholds to determine the drought event. Mostly, 
the median, mean, fixed threshold, and the variable 
threshold were being used to define the drought event. 
The threshold is defined as Q80 of flow values in 
flow duration curves. The drought event is defined as 
the threshold value greater than the mean value for 
the given period. After the threshold, the parameters 
of drought events are taken as drought duration and 
drought severity. Drought duration is the year, where 
streamflow is below the threshold level (D). The longest 

value of duration is called the annual maximum drought 
duration (AMD). Furthermore, the largest value of the 
severity is represented as the Annual Maximum Series 
(AMS). In this study, the minimum and inter-event 
duration were considered as 10 days. The current study 
eliminated minor drought events from the analysis by 
excluding events with durations of less than 10 days, 
similar to other researchers [38-40]. The diagram 
explaining the criteria for the selection of threshold 
levels for hydrological drought is displayed in Fig. 2.

Sen’s Innovative Trend Analysis 

Sen’s innovative trend analysis (ITA) shows the five 
different types of trends i.e. monotonically positive, 
monotonically negative, non-monotonically increasing, 
and decreasing and no trend. The graphical procedure 
of ITA was described by [41]. ITA divides the time 
series into equal parts but does not identify the number 
of data values and their subgroups whereas the new 
method revealed its number of data and data groups. 
The 10% of bands are taken as:

      (1)

...where x and x̄ represent the AMS or AMD and mean 
of the AMS or AMD, respectively. The basic two steps 
of the new method are the same as ITA. The time-series 
data is divided into two groups as given in Equation (2) 
and (3). 

Table 1. List of streamflow gauging stations used in the current 
study.

Sr. # Stations Latitude 
(°N)

Longitude 
(°E) Period 

1 Gilgit 34.9 73.65 1961-2010

2 Dainyor 34.55 73.35 1966-2010

3 Gari Habibullah 34.40 73.38 1961-2010

4 Naran 34.91 73.65 1961-2010

Fig. 2. Sketch diagram showing the criteria for the selection of hydrological drought based on threshold levels.
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 (2)
and 

(3)

Both time series are plotted on the vertical axis and 
the number of data values is plotted on the horizontal 
axis. Furthermore, the difference between D = s2 – s1 
also plotted on the vertical axis against the number 
of data values. The difference of values falls on the 
horizontal line (trendless line) with random variations 
show that the trend is not significant. The difference 
line above the horizontal line represents a significantly 
increasing trend and below represents a significantly 
decreasing trend. In the end, the abrupt change is 
determined in both time series and difference between 
the series, which is defined as a subgroup. Before the 
change point, the value is lower and after the change 
point, the value is higher. The new illustration of ITA 
shows the number of data and its subgroups as low and 
high. The new ITA method has been used to evaluate 
the trends of hydrological droughts events in the UIB.

Results and Discussions

Drought Analysis

The drought analysis revealed the maximum value of 
water scarcity at Gilgit. The average scarcity of Dainyor 
was 23% lower as compared to Gilgit whereas Garhi 
Habibullah’s average scarcity was found 49% higher 
than Naran. However, the Naran’s average scarcity 

was found 540 m3/sec lower as compared to Gilgit 
(Table 2). The maximum deviation was found at Dainyor 
as compared to Naran, Gilgit, and Garhi Habibullah. 
The coefficient of variations of Naran and Dainyor was 
found to be similar as compared to Gilgit and Garhi 
Habibullah. The median of Gilgit was 46% higher than 
Dainyor. The median scarcity of Garhi Habibullah 
was 66% higher than Naran. Similar characteristics of 
scarcity were identified for Garhi Habibullah and Naran 
as well as Gilgit and Dainyor, respectively (Table 2).

The numbers of drought events were found to be 
similar at all stations except Garhi Habibullah. The 
mean duration of drought events at Gilgit and Dainyor 
was found to be similar. On the other hand, the duration 
of drought events in the Kunhar River basin (Naran 
and Garhi Habibullah) varied from 41 to 51 days. The 
maximum duration of drought events for Dainyor and 
Naran was found to be similar. The maximum duration 
of Garhi Habibullah was identified as 27% lower than 
Naran. The mean water deficit at Gilgit and Dainyor 
was observed higher than Garhi Habibullah and Naran 
(Table 3). The water scarcity at Gilgit was found to 
be 96% higher than Naran. The maximum deficit 
of Gilgit and Dainyor was found quite similar. The 
maximum deficit of Garhi Habibullah was increased 
by 52% from Naran. Mostly, the parameters of drought 
events for Gilgit and Dainyor were found to be similar 
whereas Garhi Habibullah and Naran showed different 
characteristics (Table 3).

New Innovative Trend Pattern of Scarcity

The spatial and temporal pattern of drought events 
was detected by new ITA analysis. The streamflow of 
three major tributaries of the UIB was analyzed. The 
hydrological droughts were categorized into different 
sub-categories such as light (less than 10%), mild 

Table 2. Statistical analysis of scarcity for streamflows.

Stations Number of 
events/year

Mean Duration 
(days)

Maximum Duration
(days)

Mean Deficit
(m3/s)

Maximum Deficit
(m3/s)

Gilgit 1 65 124 7.17 58.73

Dainyor 1 64 115 5.96 62.55

Garhi Habibullah 2 41 86 3.95 19.30

Naran 1 51 117 0.24 8.65

Streamflow gauging stations X̄ (m3/s) σ (m3/s) CV Median (m3/s)

Gilgit 702.99 499.10 0.71 732.50

Dainyor 544.02 583.13 1.07 395.43

Garhi Habibullah 315.73 211.77 0.67 298.05

Naran 162.07 171.90 1.10 100.03

Table 3. Summary of the different parameters of drought events.
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(10-40%), moderate (40-60%), severe (60-90%), and 
extreme (greater than 90%) [42]. For Dainyor, the light 
values of scarcity were found trendless. Similarly,  
the mild drought scarcity difference of both series was 
found to have a mixed trend and was insignificant. On 

the other hand, the first and second half series have a 
monotonic positive trend for mild drought scarcity 
(Fig. 3). The severity and extreme pattern of scarcity 
increased significantly for this region which indicates 
an alarming situation. 

Fig. 3. New Innovative Trend Analysis (ITA) of Dainyor.

Fig. 4. New Innovative Trend Analysis (ITA) of Gilgit.
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Being the glaciered basin, the Hunza River basin 
under the impact of global warming is releasing more 
runoff mostly in the form of glacier melting which 
ultimately causes extreme events in this region. The 
Hunza River basin is facing drought and flood events 
at the same time in different seasons which ultimately 
causes an unusual pattern of streamflows in Hunza 
River. The ITA approach was used by [43] during the 
summer and winter seasons in eastern China. They 
identified increasing trends that confirm the risk 
management of floods and droughts in extreme seasons 
of this region. 

Fig. 4 shows the pattern of hydrological drought for 
the Gilgit station. Fig. 4 shows that the difference of 
scarcity for two half periods has a significant decreasing 
trend for extreme range. The mild drought pattern 
displayed a significantly increasing trend, especially, 
at the mild and extreme range, whereas the moderate 
category displayed a decreasing trend (Fig. 4). Overall, 
the drought pattern of Gilgit showed an increasing but 
insignificant trend while the extreme class of drought 
exhibited a significantly increasing trend.

Fig. 5 shows the drought analysis at Garhi Habibullah 
using the new ITA method. It was observed a decreasing 
pattern of drought at Garhi Habibullah station. The 
light and severe classes have no trends while moderate 
and mild classes have a decreasing trend. However, the 
extreme class showed a significantly increasing trend. 
Overall, the difference in series for moderate scarcity 
decreased significantly at the 10% band. The average 
scarcity difference of the moderate class was 8.58 m3/
sec, which was 29% higher than mild and 64% than 

the light scarcity class. The severe drought pattern was 
observed about 11.70 m3/sec which was 36% lower than 
the extreme drought pattern (Fig. 5).

Fig. 6 shows the drought analysis at Naran using the 
new ITA method. The light pattern of drought displayed 
insignificant increasing trends whereas mild, moderate, 
severe, and extreme classes exhibited a significantly 
increasing trend. The drought difference series values 
in the extreme class were 84% higher than the mild 
class. The extreme class difference is 2.13 m3/sec higher 
than the severe class (Fig. 6).

New Innovative Trend Pattern of Maximum 
Duration

Fig. 7 showed that the light pattern of maximum 
duration increased significantly whereas the mild 
pattern decreased significantly at a 10% significance 
level at Dainyor. It was found that the moderate, severe, 
and extreme duration of drought pattern occurred 
in a trendless region within the 10% band. The first 
half time series of mild patterns found to be 20 days 
higher from the moderate pattern. The severe pattern of 
maximum duration was found 17 days higher than the 
moderate pattern of the first half time series. However, 
the extreme pattern was found to be 15% higher than 
the severe pattern of maximum duration (Fig. 7).

The light pattern of the maximum duration for Gilgit 
occurred in a trendless region as displayed in Fig. 8. 
The severe and extreme pattern of maximum duration 
was also found trendless at a 10% significance level. 
The moderate pattern of maximum duration displayed 

Fig. 5. New Innovative Trend Analysis (ITA) of Garhi Habibullah.
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a decreasing trend. The mild pattern of maximum 
duration increased significantly at a 10% significance 
level. The moderate pattern of the maximum duration 
for the first half of the ascending series was found to be 
38% higher than the mild pattern. The extreme pattern 
of maximum duration was found to be 19% higher than 
the severe pattern for the first-half series of maximum 
duration (Fig. 8).

The maximum duration pattern of drought events 
decreased significantly at Garhi Habibullah as presented 
in Fig. 9. The extreme pattern of maximum duration 
occurred in a trendless region. The maximum duration 
varied from 25 to 75 days for the light to extreme 
pattern. The mild pattern of maximum duration 
increased 16 days from the light pattern whereas the 
moderate pattern of maximum duration increased 25% 

Fig. 6. New Innovative Trend Analysis (ITA) of Naran.

Fig. 7. New Innovative Trend Analysis (ITA) of the maximum duration of Dainyor.
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from the mild pattern. The extreme pattern of maximum 
duration was found 13% higher than the severe pattern. 
Moreover, the moderate pattern of maximum duration 
was found 11 days lower than the severe pattern  
(Fig. 9).

The new ITA of the maximum duration for Naran 
is displayed in Fig. 10. The light pattern of maximum 
duration was found to be 29 days lower than the mild 

pattern. The light pattern occurred in the trendless 
region. The mild pattern of maximum duration 
increased significantly. The moderate, severe, and 
extreme patterns of maximum duration were found to be 
decreased significantly. The extreme pattern increased 
by 24% more than a severe pattern. On the other hand, 
the moderate pattern of maximum duration decreased 
24% from the severe pattern. The mild pattern was 

Fig. 8. New Innovative Trend Analysis (ITA) of the maximum duration of Gilgit.

Fig. 9. New Innovative Trend Analysis (ITA) of the maximum duration of Garhi Habibullah.
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found to be 29% lower than the moderate pattern of  
a maximum duration of the drought event. The extreme 
drought pattern showed a maximum duration of 72 days 
as compared to 29 days of the light pattern (Fig. 10).

Discussions

Natural disasters, especially, droughts are posing 
serious threats to Pakistan’s society. The country is 
facing drought-like conditions once every six years. The 
droughts occur in any season, predominantly in summer 
as well as in winter for rainfed regions. Previously, no 
study was conducted to determine the drought pattern 
in this region which could be compared with our 
current study. However, [40] determined the threshold 
levels for identification of the droughts in the Kunhar 
River basin whereas another study conducted by [35] 
investigated the climate change influence on extreme 
events. The past studies did not determine the drought 
event intensity, scarcity, and maximum duration for this 
region. So, in the current study, the drought pattern 
with different intensities was evaluated and compared 
with the studies conducted in different parts of the 
world [39, 44, 45]. 

The results obtained in the current study generally 
agree with the findings of previous drought studies 
in Pakistan. [46] found the decreasing trend in water 
scarcity in Pakistan, which is consistent with our 
findings of Gilgit and Garhi Habibullah. The trends of 
extreme scarcity of Dainyor and Naran are significantly 
increasing and similar trends were found in Madeira 
and Tapajos River basin [7]. The moderate scarcity 

of Naran displayed an increasing trend and similar 
findings were observed in other parts of this region, 
specifically, in India. The moderate drought events were 
found to relatively more than extreme drought events in 
India [20]. It has also been reported that downstream 
of the Indus basin was severely affected by the 
drought [47]. [48] also reported the overall increasing 
trends of drought in Pakistan. The provincial analysis 
also displayed significant trends in drought events at 
Punjab, Sindh, and Khyber Pakhtunkhwa. The trends 
of the maximum duration for Gilgit, Dainyor, and 
Garhi Habibullah were found trendless, while trends 
of the maximum duration of drought for Naran were 
found to be significantly increasing. Similar findings 
were reported from the western part of the Himalaya 
(Pakistan) [40]. [49] reported the prolonged drought in 
Pakistan. Moreover, more frequent and extreme drought 
events were reported in South Korea [8]. The longer 
duration of the drought was also predicted in Malaysia 
due to the impact of climate change [19]. However, 
some differences were noted in this study. The trends 
of hydrological drought in Cyprus were found to be 
intensified with respect to time [44] and their results 
were slightly different from our findings. The study 
conducted by [50] observed a decreasing trend in 
spatial and temporal characteristics of hydrological 
drought, especially, during the last three decades in 
Iran. Similarly, [51] used the ITA method and found 
a decreasing trend in hydrological drought in the 
southeastern part of Turkey and also predicted a severe 
drought will hit this region in the near future. 

The current study used a new ITA method for the 
investigation of drought patterns as compared to the 

Fig. 10. New Innovative Trend Analysis (ITA) of the maximum duration of Naran.
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traditional method. The current study determined 
the trend pattern for this region which was missing 
in previous studies. The study conducted by [26] 
determined the innovative trend analysis of precipitation 
for the UIB whereas the current study determined the 
drought scarcity and maximum duration of drought 
with New Innovative trend Pattern (NITP). The results 
suggest that the extreme pattern of drought scarcity 
increased significantly in this region. The maximum 
duration of droughts of the extreme pattern was found 
to be trendless except for Naran. Moreover, the findings 
also revealed that a possible extreme drought pattern of 
scarcity has increased while the maximum duration is 
reduced in different seasons. The increased frequency 
of hydrological drought events in the UIB will have 
severe impacts on the socio-economic life of the people 
living in this region. So, it is essential to monitor the 
trends of drought events with accuracy. Furthermore, 
a long-term assessment of the maximum duration of 
drought is required to manage the supply and demand 
of water resources in Pakistan. Hence, there is a need  
to pay close attention to drought management in 
different seasons to reduce the intensity and maximum 
duration.

Conclusions

The current study determined the hydrological 
drought conditions over the UIB in terms of streamflow 
variations using the new ITA (or threshold method) 
during 1961-2010. The different characteristics of 
hydrological droughts were determined for UIB. The 
water scarcity and maximum duration patterns were 
assessed for the given period. There is a clear pattern of 
drought events, water scarcity, and maximum duration; 
the basins where the occurrence of drought is more 
frequent have the maximum duration and vice versa. 
The results revealed that different intensities of drought 
events have a different pattern but the extreme pattern 
of drought increased significantly. These results depend 
on the threshold level and the minimum duration of 
drought events. The new ITA method identified the 
pattern of drought events scarcity and maximum 
duration.

The water scarcity at Dainyor was found to be 
trendless except for the extreme pattern, which 
increased significantly. The mild pattern of water 
scarcity of Gilgit was found to be increased significantly 
while other patterns occurred in the trendless region. 
The mild and moderate patterns of water scarcity 
decreased significantly for Garhi Habibullah while the 
extreme pattern was found to be increased. Overall, 
the scarcity pattern for Naran increased significantly. 
It was observed that the extreme pattern of scarcity 
has increased significantly in the UIB. The maximum 
duration of drought events at Naran increased 
significantly whereas it was not found a significant 
increase in the extreme pattern of maximum duration. 

The extreme events duration is identified for a short 
duration as compared to a long duration. 

The mild pattern of maximum duration decreased 
at Dainyor while it was increased at Gilgit station. 
All other patterns of maximum duration occurred in 
the trendless region. The maximum duration pattern 
of Garhi Habibullah decreased significantly except 
for extreme patterns. The findings of the maximum 
duration of drought events and scarcity patterns can 
be utilized for future planning of water resources 
management and food security of this region.
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