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Abstract: This paper is an effort to quantify and map the water supply system and the spatial distribution of domestic
water consumption pattern in the Rehankot- a densely populated area in Dir Town. Perennial River, Springs and
Kareez are the main sources of water supply in the area. Public water supply schemes have been developed to collect,
and distribute potable water to the community. To assess the water consumption patterns a questionnaire based
household survey was conducted using random sampling techniques. Global position system (GPS) was also used to
spatially locate the sampling units. Kernal Density Estimation (KDE) was applied to visualize population densities
and ordinary Kriging has been used to visualize the spatial trend of domestic water consumption per day. Average
daily water consumption has been quantified for different income groups and of different family sizes. High income
groups and large families consumption was high. The total water consumption of large, medium and small families
was found 912, 526 and 282 liters (l) per day (d) respectively. Whereas, per capita consumption was found very high
within medium size families is 70 liters consumption (lc/d) and almost same in small and large size families as 57 and
55 lc/d respectively. Similarly based on income distribution pattern the total water consumption was found directly
proportional to their income levels. The overall average per capita consumption was found as 61 l/c/d which are still 9
litres less than the standard consumption value. This study highlights the problems regarding the existing water supply
system in the area and the variability of consumption patterns regarding family size and income distribution.
Keywords: Domestic water, Consumption, Spatial Quantification, Mapping, GPS, GIS.

1. INTRODUCTION
This study is undertaken to quantify domestic water
consumption and map high to low consumption
areas using geo-statistical technique. The amount of
water supplied for domestic purposes is not sufficient
and residents are facing problems throughout the
year particularly in summer season. Therefore,
this attempt has been made to highlight the spatial
distribution of domestic water consumption.
Domestic water supply and safe drinking water
is one of the fundamental human rights [1-4].
However, years of national and international efforts
have not overcome the problem of clean drinking
water supply yet. Worldwide, 783 million people

do not have access to clean drinking water [5].
Accordingly, more than 3 million people have lost
their lives and 2.4 billion suffered numerous form
of water borne diseases associated to poor water
quality [6]. The United Nations has projected that
almost half of the world population will face water
stress by the year 2050 [7]. Water stress is the
condition when annual water availability per capita
ranges from 1000m3 to 1700m3 while water scarcity
is the condition in which water availability remains
less than 1000m3 [8]. The factors generating water
stresses include unprecedented increase in demand
for agriculture, domestic water, industrial usage,
energy generation, changes in consumption patterns
of consumption, and unaccounted water [9]. The
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standard daily water requirement for a person
is 50 litres irrespective of individual economic
status [10]. The per capita water availability and
consumption vary from place to place and even
within different income brackets. The water supply
system includes: - water pumping, and its supply
through main, secondary and tertiary pipelines, and
finally to the end users [11]. The main determinants
of water supply system are sufficient amounts
of water and efficient network that make water
available for 24 hours for the end users [12].
Domestic water consumption is a function of
socioeconomic and climatic conditions, and public
water policies and strategies [13-14]. It is the
amount of water supplied for indoor and outdoor
household purposes, whereas demand indicates
the amount of water estimated to be required [1516]. The minimum estimated water requirement
per person per day is 7.5l in home for drinking and
preparing food, and the requirement for personal
hygiene is at least 50l/capita/day including personal
hygiene, food hygiene, domestic cleaning, and
laundry needs [17]. In developed countries domestic
water use ranges from 100 to 180l/capita [18-19].
The main objective of this research is the spatial
quantification of domestic water consumption in
Dir Town.
2. MATERIALS AND METHODS
2.1 Study Area
The district of Upper Dir is situated in the Northwest of Pakistan and about 180km from the capital
city of Islamabad. The Upper Dir extends from
35º 04’ to 35º 46’ N-latitude and 71º 32’ to 72º 22’
E-longitude with a total geographical area of 3,699
sq.km [20]. The total population of the district was
enumerated as 575 thousand as in 1998 with an
increase of 58.7 percent since 1981. The average
annual growth rate was 2.8 percent during this
period and population density of 156 persons/sq.km.
The estimated population till 2017 was estimated
as 0.88 million [21]. The elevation of study area
varies from 5577 meters above mean sea level in
the north to 844meters in the south. River Panjkora
fed by rain and melt water, is the main source of
water consumption. The annual rainfall in the area
varies from 823 to 2149m [22, 23]. The studied
community is Rehankot- situated in Dir Urban-

the old settlement with high population density in
the entire district. The estimated population of the
target area is 19810 persons with 2830 households.
The average family size is about 7 persons [24].
For domestic consumption, public water supply
schemes have engineered by Tehsil Municipal
Authority (TMA), district Upper Dir on perennial
Dir River in Panakot, 12km upstream of the study
area (Fig. 1). The storage and purification tanks are
in Panakot in the proximity of river.
2.2 Data Collection and Analysis
This micro-level study on water consumption
pattern has been conducted in Rehankot community
of Dir Town in KP Province. Primary data was
collected from field using questionnaire based
households (HH) survey and Global Position
System (GPS) survey, and secondary data from
concerned government departments.
A detailed structured questionnaire was
designed to conduct surveys in the target
community using random sampling techniques.
A total of 96 households were interviewed. They
were asked questions regarding members of the
family, monthly income in PKR, and daily water
consumption in litres (l) suggested by Edwards and
Martin [25]. GPS survey was also conducted to
acquire the location of sampling units in the form
of latitude and longitude. Similarly, GPS survey
was also conducted to map water supply pipelines
by acquiring two ground control points (GCP) for
straight section, three points for curves and one
point for bend at right angle. Data was prepared and
standardized using MS- excel and then imported
into ArcGIS 9.3.
Data regarding population, households, water
supply and pipe diameter (in inches) was collected
from the Tehsil Municipal Authority (TMA),
District Upper Dir. The municipal boundary of
Rehankot was collected from TMA office. Satellite
image of the target area was downloaded from open
source Google earth at premium resolution. ArcGIS
9.3 was used for digitization of image as a base
layer to develop land use map.
The monthly HH income was classified into
three categories, namely; low income having
<35,000 PKR (150PKR = 1US$, 2019); medium
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Fig. 1 The Study area of Rehankot, Upper Dir, KP Province, Pakistan (Source of Land use: Google Earth image)
Fig. 1. The Study area of Rehankot, Upper Dir, KP Province, Pakistan (Source of Land use:

GoogleCollection
Earth image) and Analysis
2.2 Data

income from 35,000 to 70000 PKR; and, high
income having >70,000 PKR. These income classes
were used to determine variation in domestic
water consumption among various segments of
the community. Similarly, family size was also
classified into three categories, namely; small
family having <5 persons; medium family from 5
to 10 persons and large family with >10 persons.
The daily water consumption was also classified
into three categories, namely; low consumption has
<500 l/day; medium consumption from 500 to 800
l/day; and, high consumption having >800 l/day.
Likewise, the frequency distribution was
performed to make monthly income and family size
classes of the surveyed households. The average

This micro-level study on water consumption
pattern has been conducted in Rehankot

domestic water consumption per day for each
income and family size class was calculated using
the following formula:
C = ∑N/n

Where “C” is the average water consumption
per household/day, “N” numerical value of each
observation and “n” is the number of observations.
While average water consumption per person/day
“c” was calculated using the following formula:
c = C / Fs
Where “c” is the per capita water consumption,
and “Fs” is the average family size.

3
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The total consumption was calculated by using the
following formula:

grandmother. Medium size family was around 65.6
percent, while small and large size families were
8.3 percent and 26 percent respectively (Table 1).
Average family size of the surveyed households was
9 persons with a standard deviation of 5. Similarly,
the monthly HH income was also classified into
three groups out of which about 58.3 percent were
low income with a monthly income of less than
35,000 PKR, around 22.9 percent were middle
income having range of 35,000 to 70000 PKR, and
about 18.8 percent belongs to high income group
having more than 70,000 PKR (Table 2).

T = (p)x(c)
Where “T” is the total consumption in l/day, and
“p” is the total population.
Each household location was digitized in
ArcGIS environment and point layer was generated.
Water consumption data was linked with the point
layer and then Ordinary Kriging technique was
applied to water consumption data to geo-visualize
household water consumption in litres. Kernal
Density Estimation (KDE) - a non-parametric
method to estimate the probability density
functions of a random variable was implemented
using ArcGIS 9.3 to geo-visualize the spatial trend
of family member per unit area (persons/m²). Land
use land cover map of the study area is developed
from Google Earth image in GIS environment.

3.2 Water Consumption
The HH daily water consumption was classified into
three categories out of which about 33.3 percent
were low water consumption with a less than 500
l/day, around 50 percent were middle consumption
having range of 500 to 800 l/day, and about 16.3
percent belongs to high consumption group having
more than 800 l/day (Table 3).

3. RESULTS AND DISCUSSION

The daily domestic water consumption has
3.1 Socioeconomic Conditions of the Studied
been quantified which varies among different
Population
income groups and family size groups. The average
consumption of small family was 282 l/day, of
Total population of the 96 surveyed households was
medium size family was 526 l/day and of large
counted as 843 persons. Family size has divided
family was 912 l/day (Table 4). At household level
into three categories and the family included father,
the water has been commonly used in bathing,
mother, their children, nephews, grandfather, and
washing of clothes, flushing, cooking, washing
Spatial Quantification of Domestic Water Consumption
Table 1. Frequency distribution of various family sizes of surveyed households
Family Size

Frequency

Percent

Valid Percent

Cumulative Percent

<5

8

8.3

8.3

8.3

5 -10

63

65.6

65.6

74.0

> 10

25

26.0

26.0

100.0

Total

96

100.0

100.0

Source: Field Survey July, 2016
Table 2. Frequency distribution of various income levels of surveyed households
Income levels

Frequency

Percent

Valid Percent

Cumulative Percent

<35,000

56

58.3

58.3

58.3

35,000 - 70,000

22

22.9

22.9

81.3

>70,000

18

18.8

18.8

100.0

100.0

100.0

Total
96
Source: Field Survey July, 2016

3.2 Water Consumption

consumption with a less than 500 l/day,
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Table 1. Frequency distribution of various family sizes of surveyed households

Physically, the target area has variation in
utensils, cleaning of house, and for irrigation
Family
Size The residents
Frequency
Percent
elevation.Valid
ThePercent
elevation Cumulative
ranges fromPercent
1379m to
of plants and
lawns.
are not using
1505m
with
change
of
126m
(Fig.
2).
Water
supply
municipal water
for
drinking
and
the
best
sources
<5
8
8.3
8.3
8.3
is basically the responsibility of TMA, Upper Dir.
of drinking water are Springs and Kareez.
5 -10
63
65.6
65.6
74.0
Water supply scheme with capacity of 50,000
> 10 consumption increased
25
26.0 designed to store
100.0
and distribute
Daily water
with 26.0gallons have been
Total
96
100.0
100.0
water in the target community. The water is supplied
the increase in household monthly income. HH
Source:
Field
Survey
July, income
2016
to the community twice a day at 8:00 am and 5:00
low, medium
and
high
monthly
has been
in a system
of water supply pipelines with
consuming
463,
677
and
1054
l/day,
respectively
Table 2. Frequency distribution of various income levelspm
of surveyed
households
4ʺ, 3ʺ and 2ʺ diameter. During 24 hours 100,000
(Table 5). The TMA has designed Nairgah water
l) of waterCumulative
is suppliedPercent
to the target
supply scheme
providing 70 l/day
Income which
levels has been
Frequency
Percentgallons (378541
Valid Percent
community. Water supply pipeline network is
per capita while the quantified average per capita
<35,000 is 61 l/day. The
56 leakage from58.3 gravity based.
58.3
The community is58.3
also fed by two
water consumption
35,000 - 70,000
22
22.9 developed for mosques.
81.3
the distribution
lines at various location
affecting22.9 private systems
One is
>70,000
18
18.8
18.8
100.0
Kareez system- a system of underground tunnels
the supply of water. Analysis reveals that the
estimated daily
water consumption96by the residents
Total
100.0 providing outlet
100.0to groundwater, and another one is
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Spring
system
proving water in 2ʺ pipe. Similarly,
of the target
area
was
12084
l0l
while
TMA
supply
Source: Field Survey July, 2016
depending on the relief and geology the south and
567812 l. Average monthly income of the surveyed
west
of the
area and
has per
5 springs
households
43,000
with average
domestic water
Table 4. was
Average
domestic
water consumption
by various
family
size study
households
person and 3 springs
are
located
in
the
north
which
has500
alsol/day,
been
consumption
of
732
l/day.
On
other
side
based
on
consumption
with
a
less
than
3.2 Water
Consumption
Family
Size
Household consumption(l/day)
Per capita consumption(l/day)
important source of drinking water. There is no plan
family size, average domestic water consumption
Small
282
57middle consumption
50 percent
toaround
store water
of thesewere
springs
(Fig. 2). The risks
was 573
and water
per person
consumption
was
The
HHl/day
daily
consumption
was
Medium
526
70
associated
with
water
supply
are
destructive
flash
the 61 l/day. Water consumption level has been
having range of 500 to55800 l/day,
and about
Large
912
classified
into
three categories
out of which
floods, poor maintenance of damaged or broken
increased with
increase
of family size.
Source: Field Survey July, 2016
16.3 loss
percent
belongs
to highfrom
consumption
pipes,
of water,
connections
main pipe

about

33.3

percent

were

low

water

group having more than 800 l/day (Table 3).

Table
3. Frequency
distribution
of various
water
groups that
of surveyed
reveals
the households
estimated daily water
Daily
water
consumption
increased
with
theconsumption

consumption
by the residents
of Percent
the target
increase
inConsumption
household monthly
income. HH Percent
Water
Frequency
Valid Percent
Cumulative
low, medium
and high monthly32income has
< 500

33.3area

500 - 800 463, 677 and 48
been consuming
1054 l/day,

50.0567812l.

respectivelyTotal
(Table 5).

100.0

> 800

16

The96TMA has

16.7

was 1208410l
while TMA
supply
33.3
33.3
50.0
83.3
Average
monthly income
of the
16.7

100.0

surveyed households
was 43,000 with
100.0
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Field Survey
2016 scheme
designedSource:
Nairgah
water July,
supply

average domestic water consumption of

732l/day. On other side based on family size,
which
has been providing 70l/day per capita
Table 4. Average domestic water consumption by various family size households and per person
The daily
domestic average
water consumption
has
been commonly
in bathing,
washing
of
average
domesticused
water
consumption
was
while
the quantified
per capita water
Family Size

Household consumption(l/day)

Small
282
been quantified
varies
different
consumption
is which
61l /day.
Theamong
leakage
from
Medium
526
income
groups
and
family
size
groups.
The
the
distribution
lines
at
various
location
Large
912
Survey
2016family was
averageSource:
consumption
of July,
small
affecting
the Field
supply
of
water.
Analysis
282l/day, of medium size family was 526

Per capita consumption(l/day)

57
clothes, flushing,
cooking,
washing utensils,
573l/day
and per person
consumption
was the
70
cleaning Water
of house,
and for
irrigation
of plants
61l/day.
consumption
level has
been
55

and lawns.
residents
are size.
not using
increased
withThe
increase
of family
municipal water for drinking and the best

Table 5. Average domestic water consumption by various income groups

l/day
and ofconsumption
large
familyIncome
was (PKR)
912
Daily water
withl/day
the
Monthlyincreased
< 35,000
(Table
household
level
the
water HH
has
increase4).inAt
household
monthly
income.

sources
water are daily
Springswater
and
reveals of
thatdrinking
the estimated
Water
consumption(l/day)
463residents of the target
Kareez.
consumption by the

low, medium and high monthly
> 70000 income has

area was 1208410l
6
1054 while TMA supply

been consuming 463, 677 and 1054 l/day,

567812l. Average monthly income of the

Source: Field Survey July, 2016

The TMA has

surveyed households was 43,000 with

designed Nairgah
supply
scheme
Physically,
the targetwater
area has
variation
in

average
of
5:00
pm indomestic
a system ofwater
water consumption
supply pipelines

35,000 – 70,000

respectively (Table 5).
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Fig.
and and
private
waterwater
supplysupply
network
and springs
Rehankot
Fig.2.2.Public
Public
private
network
andinsprings
in Rehankot

in drains, unhygienic conditions of drains, blocked
drains due to domestic solid water and unchecked
water supply connections from main pipe.
Spatial variation has been observed in the
consumption of domestic water. In the south and
north consumption ranges from 300 to 350 l/day
while in the centre of the study area consumption is
maximum. The areas with maximum consumption
have high income and large family size households
(Fig. 3). The water consumption increases as
household family size and monthly income
increases. High income class and large families
per day consumption is 1054 and 912 l/day
respectively. Low income class and small families
per day consumption is minimum. Similarly, per
person consumption is 57, 70, and 55 l/day in
small, medium and large families respectively. The
head sources of water supply schemes are highly
vulnerable because of non-resilient structure.

Each year, flash flood remains the main causative
factor of head source destruction 5-10 times and
community remains without water for two to three
days with lot of allied effects. Field survey indicates
that the households having access to Springs or
Kareez water are not using TMA water for drinking
purposes.
The cross table analysis reveals that in low
income group 30 and 26 HH were consuming
water less than 500 l/day and 500 to 800 l/day
respectively. In middle income group 17 HH was
consuming water from 500 to 800 l/day, while most
of the high income group were consuming more
than 800 l/day (Table 6). Similarly, analysis further
reveals that small families consuming less than 500
l/day. In medium size families most of the9HH are
consuming water from 500 to 800 l/day while large
family’s water consumption starts from 500 l/day
(Table 7).
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Fig. 3. Surveyed households water consumption, monthly income and family size

Fig. 3. Surveyed households water consumption, monthly income and family size
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The cross table analysis reveals that in low

medium size families most of the HH are

medium
size
families
most
The
cross30table
that in low
consuming
water
from 500
to 800
l/day while
income
and 26analysis
HH were
consuming
Table
6. group
Family
income
levels
andreveals
water consumption
cross tabulation

of the HH are

large family’sconsuming
water consumption
starts 500
from to 800 l/day while
water
less than
500 l/day
and26
500HH
to 800
l/day
water from
income
group
30 and
were
consuming
Water Consumption
Income Levels
Total
500 -l/day
7).family’s
respectively.
middle
income
17 HH
< 500
500
800 (Table
> 800
large
water consumption starts from
water lessInthan
500
l/daygroup
and
500
to 800 l/day
<35,000
30
26
0
56
was consuming water from 500 to 800 l/day,
500
l/day
(Table
7).
respectively.
In
middle
income
group
17
HH
35,000 - 70,000
2
17
3
22
while most of the high income group were
>70,000
13
18
was consuming
water from 0500 to 800 l/day,5
consuming more than 800 l/day (Table 6).
32
48
16
96
while Total
most offurther
the high
income
group were
Similarly,
analysis
reveals
that small

consuming
more
than
800
l/day
families
consuming
less
thanand
500water
l/day.
In(Table 6).
Table
7. Family
income
levels
consumption
cross tabulation
Similarly, analysis further reveals that small

Water Consumption

Family Size

families consuming less <than
500 500 l/day.
500In- 800
<5

8

0

> 800
0

5 -10

24

37

2

63

> 10

0

11

14

25

Total

32

48

16

96

4. CONCLUSIONS
The study concludes that the water supply
system in the study area is not evenly

Total
8 10

consumption is 61l/day while TMA has been
providing 70l/day. It is further concluded that
the water supply system needs improvements
to reduce the losses from leakages and

10
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4. CONCLUSION
The study concludes that the water supply system
in the study area is not evenly distributed in context
of pipelines network and water provision. The
community is also fed by Springs and traditional
Kareez system. The consumption by household and
per person also varies from place to place, income
brackets, and family sizes. Household income and
family size have direct relation with daily water
consumption levels. Daily consumption of the high
income group was more than low income group.
Similarly Large and small families consumption
was 912 l/day and 282 l/day, respectively. This
paper also highlighted spatial distribution of supply
network and consumption. The average per capita
consumption is 61 l/day while TMA has been
providing 70 l/day. It is further concluded that the
water supply system needs improvements to reduce
the losses from leakages and enhance the efficiency
and capacity of existing water supply system.
Similarly, the TMA water is not hygienic because
of the lack of effective filter system at source. The
proper filter system and flood resilient structures
for water diversion and storage at source area are
highly recommended. Capacity of the water supply
system should be redesign on the basis of demands.
The water supply system must be at certain distance
from drains. Proper maintenance is also highly
recommended because the leakage leads to loss
of precious water. Water of the several springs is
directly flowing into the drainage system without
storing. The storage tanks for springs water is
highly required. Similarly,
5. ACKNOWLEDGEMENTS
The authors would like to thank the Department of
Public Health Engineering, District Dir Upper, Pakistan
in provision of data. We would also like to thank and
acknowledge the residents of Rehankot community
for providing the data regarding family size, monthly
income and water consumption.
6. REFERENCES
1.

2.

M.J. Hall, B.D. Hooper, and S.M. Postle, Domestic
per capita water consumption in South West
England. Water Environment Journal, 2(6): 626631 (1988).
S.C. McCaffrey, Human right to water: Domestic

3.

4.

5.

6.

7.

8.

9.

10.
11.

12.

13.

14.

15.

and international implications, A. Geo. Int’l Envtl.
L. Rev., 5, 1 (1992).
G.J. Young, J.C. Dooge, and J. C. Rodda, Global
water resource issues. Cambridge University Press
(2004).
S. Farid, M.K. Baloch, and S.A. Ahmad, Water
pollution: Major issue in urban areas. International
journal of water resources and environmental
engineering, 4(3): 55-65 (2012).
WHO/UNICEF Joint Water Supply, Sanitation
Monitoring Programme, World Health Organization,
and UNICEF. Progress on drinking water and
sanitation: Special focus on sanitation. World
Health Organization (2010).
J.J. Cheng, C.J. Schuster-Wallace, S. Watt, B.K.
Newbold, and A. Mente. An ecological quantification
of the relationships between water, sanitation and
infant, child, and maternal mortality. Environmental
Health, 11(1): 4-16 (2012).
C.J. Vörösmarty, P. Green, J. Salisbury, and R.B.
Lammers. Global water resources: vulnerability
from climate change and population growth.
Science, 289(5477): 284-288 (2000).
A.Y. Hoekstra, and M.M Mekonnen. The water
footprint of humanity. Proceedings of the national
academy of sciences, 109 (9): 3232-3237 (2012).
A. Al-Radif. Integrated water resources management
(IWRM): an approach to face the challenges of the
next century and to avert future crises. Desalination,
124(1): 145-153 (1999).
P.H.Gleick. Water and terrorism. Water policy, 8(6):
481-503 (2006).
W.A. Clark, and J.C. Finley. Determinants of water
conservation intention in Blagoevgrad, Bulgaria.
Society and natural resources, 20(7): 613-627
(2007).
World Bank Water Demand Research Team. The
demand for water in rural areas: determinants and
policy implications. The World Bank Research
Observer, 8(1): 47-70 (1993).
M.S. Babel, A.D. Gupta, and P.A Pradhan.
multivariate econometric approach for domestic
water demand modelling: an application to
Kathmandu, Nepal. Water Resource Management,
21(3): 573-589 (2007).
O. Singh, and S.A Turkiya. survey of household
domestic water consumption patterns in rural semiarid village, India. Geography Journal, 78(5): 777790 (2013).
L.S. Araujo, H. Ramos, and S.T. Coelho. Pressure
control for leakage minimisation in water

Spatial Quantification of Domestic Water Consumption

16.

17.

18.

19.

20.

distribution systems management. Water Resource
Management, 20(1): 133-149 (2006).
F. P. Maganga, J. A. Butterworth, and P. Moriarty.
Domestic water supply, competition for water
resources and IWRM in Tanzania: a review and
discussion paper. Chemistry of the Earth Journal,
27(11): 919-926 (2002).
P. R., Hunter, A.M. MacDonald, and R. C Carter.
Water supply and health. PLoS Medicine, 7(11):
e1000361 (2010). https://doi.org/10.1371/journal.
pmed.1000361
E. Friedler, and M. Hadari. Economic feasibility of
on-site greywater reuse in multi-storey buildings.
Desalination, 190(1): 221-234 (2006).
C. Matos, C. A. Teixeira, A. A. L. S. Duarte, and
I. Bentes. Domestic water uses: Characterization of
daily cycles in the north region of Portugal. Science
of the total environment, 458: 444-450 (2013).
Government of Pakistan (GoP). District census

21.
22.

23.

24.

25.

85

report of Dir, 1998. Population census organization,
Islamabad (1999).
Government of Pakistan (GoP). Population census
organization of Pakistan, Islamabad (2012).
S. Mahmood, A.H Khan, and S.M. Mayo Exploring
underlying causes and assessing damages of 2010
flash flood in the upper zone of Panjkora River.
Natural Hazards, 83(2): 1213–1227 (2016).
S. Mahmood, A.H, Khan, S. Ullah. Assessment of
2010 flash flood causes and associated damages
in Dir Valley, Khyber Pakhtunkhwa Pakistan.
International Journal of Disaster Risk Reduction,
16: 215–223 (2016).
Government of Pakistan (GoP). Tehsil Municipal
Authority (TMA), District Dir Upper, Khyber
Pakhtunkhwa (2016).
K. Edwards, and L.A Martin. Methodology for
surveying domestic water consumption. Water
Environment Journal, 9(5): 477-488 (1995).

