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POPULATION DISTRIBUTION AND
WATER RESOURCES IN PAKISTAN

Growing population, lack of water resources, the massive amount of water withdrawal, and migra-
tion of people from rural to urban areas are creating a water scarcity issues in Pakistan. However, the
suitable quantity of water resources is decreasing due to the unsustainable extraction of water resources
whereas the land availability for the construction of domestic areas is reducing because of migration of
people and urban areas are becoming overcrowded.

Therefore, the aim of present work is to analyse the population distribution in the different province
of Pakistan as well as the amount of total blue water, people access to drinking water and water with-
drawal activities. To determine the outcomes/results the datasets have been downloaded from various
sources i.e. SEDAC (NASA), World pop, Joint Research Centre (JRC-GHS), Gridded Population of the
World version 4 (GPWv4) and aqueduct map 2.0. Population distribution and water resources maps
have been investigated in the implementation of mapping algebraic approach in the context of Quan-
tum Geographic Information system (QGIS). Classification, overlapping, clipping, masking and other
GIS techniques are applied with the help of raster and vectors datasets. By using zonal statistics tool,
we examined the number of people living in each province of Pakistan. However, through the overlap-
ping of population density and water resources maps, we derived the outcomes that in which part of the
country people are extracting the massive amount of water resources and where people are facing the
water scarcity related issues.
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MakicTaHAaFbl XaAbIK MeH CY KOPAApPbIHbIH, TapaAybl

Cy KOpAapblIHbIH, >XXeTiCreyLiAiri, CyAblH, Kern MOALLEPAE aAblHYbl, XaAbIKTbIH, aybIAAQH KAAaAapFa
KOLWin-KOHybl MeH yAarbl ecyi lNeKicTaHAafbl Cy TanwWbIAbIFbIH TYAbIPYAQ. AAaiAQ, CY KOPAAPbIHbIH,
YTbIMCbI3ManAAAAHbIAYblCAaAAAPbIHAHKYHAEAIKTI MaiAAA@HbICTaFblCY KOPAApbladakbin,aAyi ayMaK TapbliH
CaAy YLIIH XXepAiH GOAYbl TYPFbIHAAPAbIH KOLLi-KOHbIHA GaAAHbICTbl a3asiAbl, aA KAAAAbIK, >KEPAEP
ToAbIN KeTeAi. OcblAanlla, OCbl MaKaAaHbIH, MakcaTbl [ToKiCTaHHbIH, 8PTYPAI NMPOBUMHLMSIAAPbIHAAFbI
XaAbIKTbIH YAECTIPIAYiH, COHAaM-aK, Cy OeTiHiH MOALLEpPiH, aybl3 CyFa KOAXKETIMAIAIKTI XK8He CyAbl
TYTbIHYAbl KaMTamachi3 eTy. HaTuxkeaepai aHbikTay yuwiH SEDAC, World Pop, Joint Research Center
(JRC-GHS), World Version 4-HiH (GPWv4) Gridded Population >keHe akBeaykTOp KapTachl 2.0 CUSKTbI
BPTYPAI AEPEKKO3AEPAEH XKYKTEAAL. XaAbIKTbl XKaHe Cy 6OAY KapTaAapblH epKiH KPOCC-MAAT(OPMaAbIK,
reoaknapattblk, >xyre (QGIS) KoHTeKkCiHAEe KapTara aArebpasblk, Ke3KapacTapAbl >Ky3ere acbipy
Ke3iHAE 3epAEAEHAI. PacTPAbIK XKOHE BEKTOPAbIK, AEPEKTEP KMbIHTbIFbIMEH XKiKTeAy, GipiH-6ipi Kbl
aAy, KMo, MacKMpoBKa oHe 6acka aa [AX aaici KOAAAHBIAAbL. 30HAABIK, CTATUCTUKAABIK, KYPaAAbl
KOAAQHY apKbiAbl 6i3 [eKicTaHHbIH 8p6ip NMPOBMHUMACHIHAA TYPATbIH aAAaMAAPAbIH CaHbIH 3ePTTEAIK.
AereHMeH, XaAblKTbl XX8HE CYAbIH TbIFbI3BAbIFbIH KapTaAapMEH TOATbIPY apKbiAbl 6i3 €A XaAKbIHbIH
GOAIri Cy pecypcTapbiHbiH YAKEH KOAEMIH LibIFapbir, Cy TamlbIAbIFbIMEH GaiAaHbICTbI MpoBAeMaAapra
Tan GOAFaH HOTMXKEAEPAT AAADIK.

Ty#iH ce3aep: xaablk, cy pecypcrapbl, [akictaH, QGIS.
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PacnpeAeAeHMe HaCeAeHUs1 U BOAHbIX peCcypCcoB B lMakucraHe

HexBaTka BOAHbIX PECYPCOB, OFPOMHOE KOAMYECTBO 3a60pa BOAbI, POCT M MUMPALIMS HACEAEHWS U3
CEAbCKMX PaiOHOB B rOPOAA CO3AQIOT MPOBAEMbI HEXBATKM BOAbI B MakucTaHe. OAHAKO MOAXOASLLee
KOAMYECTBO BOAHbIX PECYpPCOB YMEHbLUAeTCs M3-32 HepaLMOHAAbHOIO MCMOAb30BaHMSI BOAHbIX
pecypcoB, B TO Bpems Kak AOCTYMHOCTb 3eMAU AAS CTPOMTEABCTBA AOMALLIHWX TEPPUTOPUIA YMEHBLLIAETCS
M3-3a MUIPaLIMU AIOAEI, a TOPOACKME PAMOHbI CTAHOBSTCS NMEPENOAHEHHBIMU. TakMm 06pa3oM, LEABIO
HacTosLen paboTbl IBASIETCS aHAAM3 PACMPEAEAEHMSI HACEAEHMS B PA3AMUHbIX MPOBUHLMSX [akmcTaHa,
a Takxke o6bema BOAHOM MOBEPXHOCTW, AOCTYMa AlIOAEN K MUTbEBOM BOAE M BOA03abOpOB. AAg
OMPEAEAEHUSI PE3YAbTATOB HABOPbl AQHHbIX ObIAM 3arpy>KeHbl U3 Pa3AMUHBIX MCTOUYHMKOB, HAMpPUMED,
SEDAC (NASA), World pop, O6beanHeHHoro nccaepobareabckoro ueHtpa (JRC-GHS), Gridded Popu-
lation of the World version 4 (GPWv4) 1 kapTbl akBeayka 2.0. KapTbl pacrnpeseAeHnst HaceAeHus 1
BOAHbIX PECYPCOB ObIAM UCCAEAOBAHbI MPW PeaAmn3aLLm aArebpanyeckoro noAXoAa K KapTMpOBaHMIO B
KOHTeKCTe CBOBOAHOM KpoccnAaTopMeHHOoM reorHpopmaumorHon cuctembl (QGIS). Kaaceudmkaums,
rnepekpbITUE, OTCEYEHME, MacKMpOBaHune 1 Apyrie metoAbl [TMC NpUMEHSAMCh C MOMOLLbIO HAboPOB
pacTpoBbIX M BEKTOPHbIX AaHHbIX. MCMOAb3yS WMHCTPYMEHT 30HAAbHOWM CTaTUCTWMKM, Mbl W3YYUAM
KOAMYECTBO AIOAEM, >KMBYLUMX B KaXKAOW npoBuHUMKM [NakmcTaHa. OAHaKo, MyTeM HaAOXKeHUs KapT
NMAOTHOCTU HaCeAeHMS U BOAHBIX PECYPCOB, Mbl MOAYYMAM PE3YAbTaTbl, B KOTOPbIX YaCTb HAaCEAEHUS
CTpaHbl AOObIBAET OFPOMHOE KOAUUYECTBO BOAHbBIX PECYPCOB U A€ AIOAM CTAaAKMBAIOTCS C MpobAemMami,

CBS3aHHbIMM C HEXBATKOM BOADI.

KAloueBble cAoBa: HaceaeHMe, BOAHbIe pecypchl, NakncTaH, QGIS.

Introduction

The pressure on water resources has been in-
creasing and remains to grow worldwide, driven
by rising food and energy demands and increasing
standards of living (Vordsmarty, Green, & Lam-
mers, 2000). Global water withdrawals have in-
creased in the last century, which is almost twice
the rate of human population growth (Falkenmark,
1997). The proportion of urban populations in-
creased from 43% in 1990 to 52% in 2011, and it is
predicted to grow to 67% by 2050 (United Nations,
Urban population, development and the environ-
ment, 2008). Urbanization is expected to accelerate
with population growth and social development in
the novel century (Heilig, 2012). Urbanization de-
velopments in developing countries mostly differ
from previous urban transitions in terms of scale,
speed, and morphology, and they should obtain suit-
able attention and generates extraordinary impacts
on environmental systems such as urban heat island
effect, water run-off change, biodiversity decrease,
and anthropogenic carbon emission (Chen, Cao,
& Liao, 2016). Many governments craft policies
to encourage urbanization for example, China has
recently organised a new urbanization plan, which
is expected to boost domestic demand (Bai, Shi, &
Liu, 2014). Although extensive study has been con-
ducted on urbanization, the definition of «urban»
itself is vague, changing over time and space (Co-
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hen, 2004). Consequently, the content of «urbany
area maps vary largely depending on the methodol-
ogy used and the data source (Friedl, et al., 2010).
In 2014 researchers used the 2010 census data, and
2010 parcel data of USA to highlight the population
distribution on high resolution gridded population
surface they also used the dasymetric and heuristic
sampling method with 30*30 m spatial resolution
and accuracy has been assessed by National land
cover database to produce land cover-based popula-
tion product and then compared it with high resolu-
tion gridded population surface (HGPS) (Jia, Qiu, &
Gaughan, 2014).

The scientists adopted the Statistical model-
ling and areal interpolation method with Land use
land cover data (LULC) at 30m spatial resolution,
LULC data 1 m resolution and parcel data. How-
ever, accuracy assessment performed at block level
and validated at parcel level, overall relative error
(ORE), mean absolute error (MAE), and root mean
square error (RMSE) were used to check the accura-
cy of prediction. Therefore, Population distribution
assessed based on the average population on each
dwelling unit 8 models were developed and tested
and model 7 (Dasymetric model) produced accurate
results than others and produced a map of Um-Al-
hamam Riyadh, Saudi Arabia. Um-Alhamam ward
has an overall area of 4 km? and contains 488 blocks
and 2839 parcels (Alahmadi, Atkinson, & Martin).
Scientists agree that an understanding of popula-
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tion distribution is essential for urban planning and
sustainable development studies and for exploring
the interrelationship between humans and their en-
vironment on diverse spatial scales. Urban planning
adopted tasks including new town planning (NTP),
urban infrastructure planning (UIP), and urban traf-
fic planning (UTP) must forecast the population size
and its development trend based on long-term statis-
tics and then make a foresighted blueprint (Yin, et
al. 2015). As urban areas are more vulnerable to be
hit by water crises around the world and may impact
the vast number of population and economic activi-
ties (Hellstrom, Jeppson and Karman, 2000).

The aim of this study is the analysis of popu-
lation distribution, people access to drinking water,
amount of water withdrawal and available blue wa-
ter in Pakistan. To reach the aim of the study we
required several types of datasets such as population
data, remotely sensed data, census data. To obtain
the population data we adopted distinct sources like
World pop, Joint Research Centre (JRC) Global Hu-
man Settlement (GHS), Socio-economic Data and
Application Centre (SEDAC-NASA-Columbia),
Food and Agricultural Organisation (FAO) and
water resource datasets have been downloaded by
World Resource Institute (WRI).

Materials

Description of the study area

2.1.1. Location and Demography

The Islamic Republic of Pakistan is in the
continent of Asia, the coordinates between 30.3753°
N, 69.3451° E and it is situated eastern and northern
hemisphere with a height of 8,125 m (above sea
level. Islamabad is the capital of Islamic Republic
of Pakistan, which is located on a latitude of
33.7294° N, and longitude of 73.0931° E. Pakistan
shares its borders with four neighbouring countries
Iran, China, India, and Afghanistan. In the east of
Pakistan is India, which has a 2,912-km border
with Pakistan. Iran is in the west of Pakistan, which
has a 909-km border with Pakistan. Afghanistan
located at the northwest of Pakistan; with a shared
border of 2,430 km., China is towards the northeast
and has a 523-km border with Pakistan. Pakistan
estimated population till January 1%, 2017 was
194.9 million and covers an area of 796,095 km?.
An administrative unit of Pakistan consists of four
provinces (KPK) Khyber Pakhtunkhwa Province,
Punjab, Sindh, Gilgit-Baltistan, Baluchistan and
four territories (FATA) Federally Administrative
Tribal Areas, Azad Kashmir and (ICT) Islamabad
Capital (Figure 1).

TURKMENISTAN

AFGHANISTAN

ARABIAN SEA

Figurel — Representing to the territories and
provinces of Pakistan

Ground Water Resources in Pakistan

To know the groundwater resources of Pakistan
is important for that research. Ground water resources
of Pakistan occur in the Indus Plain, spreading from
Himalayan foothills to Arabian Sea, and are depos-
ited in alluvial deposits. The Plain is approximately
1,600 Km long and covers an area of 21 Million
hectares and is blessed with widespread unconfined
aquifer, which is fast becoming the supplemental
source of water for irrigation. The aquifer has been
constructed due to direct recharge from natural pre-
cipitation, river flow, and the continued seepage from
the conveyance-system of canals, distributaries, wa-
ter channels and application-losses in the irrigated
lands during the last 90 years. This aquifer, with a
potential of around 50 MAF, is being exploited to
an extent of about 38 MAF by over 562,000 private
tube wells and about 10,000 public tube wells. It is
estimated that, out of a total accessible potential of
about 0.9 MAF, 0.5 MAF is already being exploited,
thereby leaving a balance of 0.4 MAF that can still
be utilized. This creates misconception, as the aqui-
fers are not continuous but are limited to basins due
to geologic conditions. It is noted that, in two of the
basins (Pishin-Lora and Nari) groundwater is being
spoiled, beyond its development potential, creating
mining conditions and causing a huge overdraft of
groundwater that is threatening to dry up the aquifers
in the long term (Majeed, 2010).

Rainfall trends in Pakistan

The inconsistency of rainfall has increased geo-
graphically, across seasons, and annually in Asia
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over the past few decades. Decreasing trends in
rainfall patterns along Pakistan’s coastal areas and
arid plains have also been detected (Houghton, et
al., 2007). According to Pakistan Meteorological
Department, most important parts of Pakistan expe-
rience dry climate. Humid environments prevail but
over a small area in the north. The whole of Sindh,
most of Baluchistan province, most parts of the Pun-
jab and central parts of Northern Areas obtain less
than 250 mm of rainfall per year (Rehman & Shan,
2010). There is no clear altitudinal trend of rainfall,
which is covering to the whole country. The re-
searcher selected 30 stations from extreme north to
south and east to west and dataset spreads over a pe-
riod of 30 years (1976-2005). The selected stations
have been divided into five dissimilar microclimatic
zones (Rehman & Shan, 2010).

Data Collection

The main significance of current work is the col-
lection of spatial data sets and the generation of a
complete database for mapping algebra approach.
Meanwhile, the main concept is that the information
is stored and made available to all potential users,
this approach should be followed in other countries
worldwide.

The objective is to assess and compare the vari-
ous population density and water resources maps.
To fulfil the objective of the study it is an essen-
tial to download dataset for population mapping
and to determine the water resources. The datasets
downloaded from several sources in which we have
SEDAC (NASA-Columbia), World Pop, and FAO.
SEDAC (NASA-Columbia) is providing estimates
of population density for the years 2000, 2005,
2015, and 2020, created on counts consistent by na-
tional censuses and population registers, as raster
data to facilitate data integration. The fourth ver-
sion of SEDAC Gridded Population of the World
(GPWv4) is gridded with an output resolution of
30 arc-seconds, or ~1 km at the equator (NASA,
1958). World pop is providing an estimate of the
number of people residing in each 100*100m grid
cell for every low and middle-income country with
Geographic projection WGS84. Through integrating
census, satellite survey, and GIS datasets in a flex-
ible machine-learning framework, high-resolution
maps of population count and densities for 2000-
2020 are produced, along with additional metadata
(WorldPop, 2013). FAO is providing the informa-
tion about the population density was derived from
Land Scan 2000-Global Population Database with a
spatial resolution of a 5*5 arc and Geographic pro-
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jection WGS 1984 (FAO, 1975). Aqueduct Global
Maps 2.1 data include indicators of water quantity,
water variability, water quality, public awareness of
water issues, access to water, and ecosystem vulner-
ability. Aqueduct country and river basin rankings
dataset shows countries and river basins average
exposure to five of Aqueduct’s water risk indica-
tors baseline water stress, inter annually variability,
seasonal variability, flood occurrence, and drought
severity (World Resources Institute, 1982).

Methodology

Starting from the given background the aim of
this research is to examine the utility of mapping
algebra approach based on QGIS, in the case of water
resources and people of Pakistan. First, different
vector and raster layers have been imported with the
help of QGIS. Secondly, all the raster layers were
clipped for the study area (Pakistan) the Pakistan
map has been clipped from global raster dataset by
using the processing toolbar. Whereas the Global
aqueduct map has been clipped for the study area
(Pakistan) and the new vector layer has been created
(Layer> create layer> new shape file layer) as well
as features have been extracted by using the feature
extraction tool from attribute toolbar. Raster layer
has been clipped by using the processing toolbar
(Processing toolbar > GDAL extraction > clip
raster by mask layer). However, the vector layers of
Pakistan consist of three different maps depicting the
total water withdrawal in cubic kilometre per year,
Total blue water in cubic kilometre per year, Access
to water in percentage and raster layer showing
the population densities in different provinces/
regions of Pakistan with the unit of persons per sq.
Kilometre. The Total withdrawal is the total amount
of water extracted from freshwater sources for
human use. The Total blue water for each catchment
is the collected runoff upstream of the catchment
plus the runoff in the catchment. Access to water
measures the percentage of population without
access to improved drinking-water sources. Higher
values indicate areas where people have less access
to safe drinking water and consequently higher repu-
tational risks to those not using water in an equitable
way. Therefore, the zonal statistics tool has been
used to check the population density of each raster
layer, which gives us the results in an attribute table
in integers form. Finally, population distributed
raster layer has been overlapped and compared with
other vector layer of Pakistan to assume about the
amount of water withdrawal in different provinces
of Pakistan.
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Results and discussions

The outcomes derived from the application of
mapping algebraic approach with the help of census
and other ancillary data are presented now. Results in
the form of raster and vector maps are elaborated and
discussed. Through mapping algebraic approach, we
analysed the population density maps whereas the
impacts of population density have been analysed
by overlapping with the aqueduct layer.

Aqueduct Global map 2.0

According to the Figure 2 as you can see most
of the blue water resources approximately > 100
km? exist in the northern part of the country and in
the north-east of Pakistan the amount of total blue
water is about 50-70 km?* while in the north-west of
the country the blue water resources are 30-50 km?.
When we assess the “blue water” resources towards
southern part of the country the given map (Fig.2)
showing the scarcity of the resources which is about
10-30 km?3, but some southern part reserved > 100

km? though in the south-western portion of Pakistan
the total is about 10-30 km? whereas, in the south-
eastern part of Pakistan the country is also facing
the lack of water resources and accessible water are
30-50 km?.

According to the water withdrawal map of
Pakistan as in Figure 3 the northern part of the
country the total water withdrawal is about 10-30 km?
per year and in the north-east of the country the water
withdrawal is approximate > 100 km* per year while
in the north-west the water withdrawal is in between
30-50 km?® per year. Whereas, in the southern part of
the country the water withdrawal is 10-30 km* per
year while in the south-west the water withdrawal is
<10 km?® per year and in the southeast of the country
the water withdrawal is > 100 km? per year.

As you can see in Figure 4 higher values indicate
areas where people have less access to safe drinking
water. According to the given map, each inhabitant
in the entire country have low to medium (2-5%)
access to safe drinking water.

Total Blue Water in
Pakistan

A

Total Blue Water

[1<10km3

[ 10-30 km3
[ 30-50 km3
[ 50-70 km3
Bl > 100 km3

Aqueduct map of Pakistan was
generated by World Resource
Institute (WRI) in 2013.

100 0 100 200 300 400 km
I T

Figure 2 — The map of Pakistan showing the average amount of blue water resources in Pakistan
(Source: World Resource Institute WRI)

The outcomes derived from the SEDAC
(GPWv4) data sets are explained below. As given
Figure 5 showing the population density per person
per grid cell (~1km) in different regions/districts of
Pakistan. While the assumption made for the year
2020 during this assumption, we predict that most of

the population will be settled in the Punjab province
which is 31° north and 72° towards eastern part of
the country and it is the second largest province by
area after Baluchistan. In Punjab, the population
will be highly dense which > 1000 Persons per
km? is. In the northern areas of Pakistan, which are
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35.35°N and 75.9°E, the total population in 2020
will be 1-5 Persons per km? In KPK, (Khyber
Pakhtunkhwa) province the total expected popula-
tion for the year 2020 will be 25-250 Persons per
km?, which is 34.00°N and 71.32°E. Baluchistan
is the largest province of Pakistan with respect
to the area forming the southwestern region of
Pakistan. Their predictable population for 2020 is
1-5 Persons per km? and the total area is 347,190
km? it lies 27.7 °N and 65.7°E. The Federally
Administered Tribal Areas (FATA) is a semi-
autonomous tribal region in 33° north and 70° east
of Pakistan, consisting of seven tribal agencies/
districts and six frontier regions, and are directly
governed by Pakistan’s federal government through
a special set of laws called the Frontier Crimes
Regulations (FCR). The expected population of
2020 for this region is 5-25 Persons per km? and the

total area is 27,220 km?. Azad Kashmir province
is situated in the 32.22°N and 73.28° towards east.
The total predictable population of Azad Kashmir
province is 25-250 Persons per km? for the year
2020 while the total area is 13,229 km?2. Sindh is one
of the fourth province of Pakistan in the southeast
of the country. Sindh is the third largest province of
Pakistan by area, which is 140,914 km?, and it lies
25.89°N, 68.52°E. The population density of Sindh
15 250-1000 Persons per km?. Federal capital territory
(FCT) Islamabad is the capital city of Pakistan and it
is the 10™ largest city of Pakistan, which is located in
the Pothohar Plateau in the north-eastern part of the
country with 33°'N 73°E their expected population
for the year 2020 will be > 1000 Persons per km?. In
the northern areas of Pakistan, which are 35.35°N
and 75.9°E, the total population in 2020 will be 1-5
Persons per km? and the total area is 72,971 km?.

Water withdrawal map of
Pakistan

Total water withdrawal

[ < 10 km3/yr

] 10-30 km3/yr
] 30-50 km3/yr
[ 50-70 km3/yr
I > 100 km3/yr

Aqueduct map of Pakistan was
generated by World Resource
Institute (WRI) in 2013.

100 0 100 200 300 400 km
N .

Figure 3 — The map of Pakistan showing the total water withdrawal in Pakistan
(Source: World Resource Institute WRI)

Gridded Population of the World (GPWv4)

The outcomes derived from the Figure 6 about
dissimilar provinces of Pakistan is that most of
the population is living in Punjab province, which
is extremely high > 1000 Persons per km? If we
assess the population density of northern areas
for the year 2015 it is about 1-5 Persons per km?.
In 2015, Khyber Pakhtunkhwa (KPK) province
population density is >1000 Persons per km? but
towards the north-west of the (KPK), the population

ISSN 1563-0234

is about < 1 Persons per km?. In 2015 Azad Kashmir
(AK) province population density is about 25-250
Persons per km? According to the 2015 analysis,
the Federally Administered Tribal Areas (FATA)
population density is 5-25 Persons per km? The
population density of Sindh province in 2015 is
25-250 Persons per km? In 2015, the Baluchistan
population density is < 1 Persons per km? and the
estimated population density of Islamabad is > 1000
Persons per km? for the year 2015.
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Access to water in
Pakistan

Access to water

[ < Low (<2%)

[ Low to medium (2-5%)

[ Medium to high (5-10%)
I High (10-20%)

I Extremely high (>20%)

Aqueduct map of Pakistan was
generated by World Resource
Institute (WRI) in 2013.

100 0 100 200 300 400 km
I .

Figure 4 — The map of Pakistan showing the people access to water in Pakistan
(Source: World Resource Institute WRI)

Population distribution map of
Pakistan

A

Population density

[ ] < 1 Persons per km2

[ 1 1-5 Persons per km2

[ 5-25 Persons per km2

[ 25-250 Persons per km?
[ 250-1000 Persons per km2
I > 1000 Persons per km2

Population distribution map of Pakistan
provide an estimate of population for the
year 2020.
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Figure 5 — Population density in different regions of Pakistan for the year 2020 (Source: SEDAC)

The given Figure 7 explaining the outcomes
derived for the year 2005 as the population density
of Punjab province is > 1000 Persons per km? and in
northern areas, the population density is < 1 Persons per
km?. Whereas the population density of Khyber Pakh-

tunkhwa (KPK) province has been determined about
> 250-1000 Persons per km? and towards the north-
west their population is < 1 Persons per km? while the
population density of Azad Kashmir (AK) is 25-250
Persons per km? If we look at the population density
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of Federally Administered Tribal Areas (FATA) it’s
about 5-25 Persons per km? though the population
density of Sindh province is 25-250 Persons per
km? and the population density of Baluchistan is < 1
Persons per km? The capital of Pakistan (Islamabad)
population density is > 1000 Persons per km?.

The given Figure 8 illustrating us the
population density for the year 2000. As you can
see the population, density of Punjab province is
about > 1000 Persons per km? and if we analyse
the population density for northern areas their
population density is < 1 Persons per km?. Although,

the population density of Khyber Pakhtunkhwa
(KPK) province is about > 25-250 Persons per
km? and towards the north-west their population is
< 1 Persons per km? while the population density
of Azad Kashmir (AK) is 1-5 Persons per km?.
Whereas, the population density of Federally
Administered Tribal Areas (FATA) it’s about 5-25
Persons per km?, however, the population density of
Sindh province is 25-250 Persons per km? and the
population density of Baluchistan is < 1 Persons per
km? and the population density of Islamabad is >
1000 Persons per km?.

Population distribution map of
Pakistan

L0

A

Population density

[ ] < 1 Persons per km2

[1 1-5 Persons per km?2

[ 5-25 Persons per km?2

[ 25-250 Persons per km2
I 250-1000 Persons per km?2
Il > 1000 Persons per km?

Population distribution map of Pakistan
provide an estimate of population for the
year 2015.
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Figure 6 — Population density in different regions of Pakistan for 2015 (Source: SEDAC)

Food and Agriculture Organization (FAO)

Figure 9 has been clipped for Pakistan from
the Global dataset of Food and Agricultural
Organisation (FAO) and representing the population
density for the year 2000. As northern areas which
are located 35.35°N and 75.9°E their population
density 1-5 Persons per km? while in Punjab
province the population density is > 1000 Persons
per km? which is 31° north and 72° towards the east-
ern part of the country. In Federally Administered
Tribal Areas (FATA) which is 33° north and 70°
east it has a population density < 1 Persons per
km?, Azad Kashmir 32.22°N and 73.28° towards
east their population density is 25-250 Persons
per km? and Baluchistan which lies 27.7 °N and

ISSN 1563-0234

65.7°E with a population density 1-5 Persons per
km?. Whereas, the population density of Sindh is
250-1000 Persons per km? it lies 25.89°N, 68.52°E.
In (KPK) the population density is >1000 Persons
per km? but towards north-west the population
density in (KPK) is 1-5 Persons per km? and it lies
34.00°N and 71.32°E of Pakistan. In Islamabad, the
population density is 250-1000 Persons per km? and
it is situated 33°43'N 73°04'E.

World Pop

The given Figure 10 has been directly download-
ed from World pop website and it is representing to
the population density of Pakistan for the year 2000.
According to this figure as you can see the northern
areas of Pakistan, which are located 35.35°N and
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75.9°E their population density < 1 Persons per km?.
The population density of Punjab province is > 1000
Persons per km? and it is situated 31° north and 72°
towards the eastern part of the country while Fed-
erally Administered Tribal Areas (FATA) located
33° north and 70° east it has a population density
1-5 Persons per km?. The Azad Kashmir is located
32.22°N and 73.28° towards east their population
density is 25-250 Persons per km? and Baluchistan
which lies 27.7 °N and 65.7°E with a population
density 1-5 Persons per km?. Whereas, the popula-
tion density of Sindh is 250-1000 Persons per km? it
lies 25.89°N, 68.52°E. In (KPK) the population den-
sity is >1000 Persons per km? but towards the north-
west, the population density in (KPK) is < 1 Persons
per km? and it lies 34.00°N and 71.32°E of Pakistan.
In Islamabad, the population density is > 1000 Per-
sons per km? and it is situated 33°43'N 73°04'E.

Through the implementation of zonal statistics
(Raster toolbar > Zonal statistics) given in Figure
11, 12 illustrates the number of people living in each
province of Pakistan with respect to different years
and provinces.

To make a comparison of population density
map with water resources map I choose the water

withdrawal map of Pakistan Figure 3 and popula-
tion density map of Pakistan in 2015 in Figure 6
(Gridded Population of the World (GPW), 2018).
While by means of the spatial analyst tools the ras-
ter layer has been reclassified and by conversion
tools this raster layer has been converted in to pol-
ygon (Spatial analyst tools > Reclass > Reclassity),
(Conversion tools > from raster > Raster to poly-
gon). To determine the results about the number of
Persons per km? and amount of water withdrawal
the overlapping technique has been done by using
the analysis tools (Analysis tools > overlay > Un-
ion). However, the different geographic features
have been identified randomly (Feature Identifier)
with the help of overlapped population density map
and from each province of Pakistan. I obtained five
points from raster (Population map) and from vec-
tor layer (Water withdrawal map) whereas three
points from each territory/region to assess the wa-
ter withdrawal with respect to the population den-
sity of Pakistan. As you can see in a given Figure
13, the Punjab province is highly populated area as
compared to the other provinces and territory while
the large amount of water is being extracted from
that Punjab province.

Population distribution map of
Pakistan

L0

Population density

| < 1 Persons per km2
[ ] 1-5 Persons per km2
[ 5-25 Persons per km2
[ 25-250 Persons per km2
I 250-1000 Persons per km?2
Il > 1000 Persons per km?2

Population distribution map of Pakistan
provide an estimate of population for the
year 2005.
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Figure 7 — Population density in different regions of Pakistan for 2005
(Gridded Population of the World (GPW), 2018)
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Population distribution map of
Pakistan

Population density
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Population distribution map of Pakistan
provide an esitmate of population for the
year 2000.
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Figure 8 — Population density in different regions of Pakistan for 2000
(Gridded Population of the World (GPW), 2018)

Population distribution map of
Pakistan
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Population distribution map of
Pakistan provide an estimate of
population for the year 2000
(Source: FAO).
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Figure 9 — Population density in different regions of Pakistan provide the estimate
of population for the year 2000 (FAO, 2017)
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Population distribution map of
Pakistan
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Population distribution map of
Pakistan provide an estimate of
population for the year 2000
(Source: WorldPop).
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Figure 10 — Population density map of Pakistan for the year 2000 (WorldPop, 2013)
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Figure 11 — Depicting the population of Pakistan with respect to years
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NUMBER OF INHABITANTS IN EACH PROVINCE/TERRITORY
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Figure 12 — Representing the provinces of Pakistan
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Figure 13 — Representing to the amount of water withdrawal km?*/year
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Conclusions

Through overlapping of population densi-
ty map 2015 (Gridded Population of the World
(GPW), 2018) in Figure 6 with water withdrawal
layer Figure 3 we derived the outcomes that in
which part of the country people are extracting
the massive amount of water resources and where
people are facing the water scarcity related issues.
According to Figure 4 in Pakistan, people have low
to medium access to water (2-5%). In Punjab prov-
ince, the population density is about > 1000 Per-
sons per km? while the water withdrawal amount is
> 100 km? per year and it is located 31° north and
72° towards eastern part of the country. Whereas,
in northern areas, which is located 35.35°N and
75.9°E the population density is < 1 Persons per
km? and the amount of water withdrawal is 10-30
km? per year. Khyber Pakhtunkhwa (KPK) prov-
ince lies 34.00°N and 71.32°E their population
density is approximate >1000 Persons per km? but
towards the north-west of the (KPK), the popula-
tion is about < 1 Persons per km? and the amount of
water withdrawal over there is 30-50 km?* per year.
The Federally Administered Tribal Areas (FATA)
is in 33° north and 70° east of Pakistan with a popu-
lation density 5-25 Persons per km? and water with-
drawal amount is 30-50 km* per year. Azad Kash-

mir province is situated in the 32.22°N and 73.28°
towards the east with a population density 25-250
Persons per km? and water withdrawal amount is
approximate > 100 km?* per year. Sindh is the third
largest province of Pakistan by area, which lies in
25.89°N, 68.52°E while the population density of
Sindh is 25-250 Persons per km? and the amount
of withdrawal is > 100 km® per year. Baluchistan
is the largest province of Pakistan with respect to
the area it lies 27.7 °N and 65.7°E the population
density < 1 Persons per km? and water withdrawal
amount are < 10 km?® per year. Federal capital terri-
tory (FCT) Islamabad is the capital city of Pakistan
and it lies 33°'N 73°E with a population density
> 1000 Persons per km? and the water withdrawal
amount is 30-50 km® per year. After assessing the
population density Figure 12 and water withdrawal
capacity Figure 13, we realized that most of the
people are living in the Punjab province and ex-
tracting the massive amount of water as compared
to the other provinces/territory of Pakistan.

Student and researchers who want to apply the
same approach discussed here my recommendation
is to access the cited literature for comprehensive
descriptions of required procedure. Whereas, pre-
planned dataset strategies can save time and addi-
tional struggle as well as producing more meaning-
ful results for monitoring purposes.
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