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Infrastructure Risk Atlas

Pakistanis amongthe top 10 countriesmost affected by climate change with increasingly
erratic weather patterns exposingthe country to variousnatural disasters Pastdisasters
have revealedthe vulnerability of infrastructure, particularly residential buildings,which
have caused significant financial and human losses Weaknessesn construction and
planninghavecontributedto thesedevastatingmpacts

Toaddressthis, there wasa clearneedto identify and assesghe risksfacedby residential
infrastructure acrossPakistan This Risk Atlas specificallymaps the level of risk at the
district level, basedon the structural distribution of buildingsand their susceptibilityto
earthquakeandflood hazards

Theprimary goalof this publicationis to assistboth governmentorganizationsand private
entities in proactivelyidentifying communitiesmost in need of support, basedon their
infrastructure vulnerabilities By providingthis detailed risk assessmentthe Atlasaimsto

improve resource allocation and guide policy developmentfor more effective disaster

prevention, resiliencebuilding and longterm urban planning | hope that this will help

protect livesandassetsan the face of growingclimatechallenges

Lt. GenInam Haider Malik HI(M)
Chairman NDMA
Dec 2024




Infrastructure Risk Atlas

The Infrastructure Advisory& ProjectDevelopment(IA&PD)wing of the National DisasterManagementAuthority (NDMA),Pakistanis
pleasedto launchthe first-ever Infrastructure RiskAtlasof Pakistan Thisgroundbreakingpublicationis a significantstep towards better
understandingandmanaginghe risksto infrastructureacrossthe country.

We would like to extendour heartfelt gratitude to the PakistanBureauof Statisticsfor providingthe crucialdatabasethat wasusedin
formulating this RiskAtlas Their contribution hasbeeninvaluablein ensuringthe accuracyand comprehensivenessf the information
presented We alsoacknowledgeand expressour sincerethanksto all the stakeholdersvhoseinput, expertiseand collaborationwere
instrumentalin the developmentof this Atlas Theircollectiveefforts have ensuredthat the final publicationreflectsthe diverseneeds
andconcerngelatedto infrastructurerisksin Pakistan

A specialnote of appreciationgoesto the ExecutiveDirector of IA&PD whoseunwaveringsupport, guidanceand leadershiphavebeen
vital in bringingthis publicationto fruition. Furthermore this initiative would not have materializedwithout Engr Marium Qudisawhose
supporthasbeenthe keyto successfutompletionof this project

ThisAtlasrepresentsthe combinedefforts of manyand we hopeit servesasa valuabletool in enhancingresilienceand preparedness

acrossthe nation'sinfrastructure
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. -

Pakistanis the 5" most vulnerablecountry that is positionedstrategicallyat the crossroadsf SouthAsia,CentralAsiaand the Middle
East It is a country with rich historical legacy, diverse culture and economic potential. However, it faces multiple economic and
environmentalchallengesThe geographicabketting of Pakistanmakesit susceptibleto varioushazards It lies on the confluxof several

tectonic plates,includingthe Indian, Eurasiarand Arabianplateswhich makesit vulnerableto a number of geographicahazards These

natural hazardsranging from earthquakesand floods to landslides,droughts and cyclones,pose a significantrisk to the O 2 dzy G N

infrastructure,economyandthe well-beingof its population

Thenorthern and westernregions,locatedin the seismicallyactive HimalayanMountain range,are prone to catastrophicearthquakes
due to major fault lineslike the Main Mantle Thrust(MMT) and the North-SouthFault The 2005 earthquake with a magnitudeof 7.6,
causedover 80,000 deaths and widespreadinfrastructure damages,highlighting the need for seismicrisk assessmentdo protect
infrastructure

Additionally,the countryfacesextremeweatherevents,includingmonsoonfloods, particularlyaffectingthe IndusRiverplainsof Punjab
and Sindh Flooding, exacerbated by poor urban planning, inadequate flood protection and deforestation, regularly damages
infrastructure The 2010 floods, which affected nearly one-fifth of the country and the devastating2022 floods, causingaround $30

billion in damagesemphasizehe urgentneedfor assessinlood risksto safeguard | { A anfiadstyicéie




Infrastructure Risk Atlas

Theformulation of InfrastructureRiskAtlasist I { A idriesfifyinitiative to systematicallyaddressthe pressinggapin data on the
country's building infrastructure Despite being highly disasterprone, Pakistanlacksa comprehensivedatabasethat records critical
information about its infrastructure, includingthe type, condition and vulnerabilitiesof buildings This absenceof data has made it
challengingto assesghe structural risksposedby natural disasterssuchas earthquakesfloods and storms,aswell ashumaninduced
hazards ThelnfrastructureRiskAtlasaimsto fill this void by providinga detailed and holisticunderstandingof infrastructureconditions
acrossthe country;.

ThisRiskAtlaswill be instrumentalin identifying districts that are denselypopulatedwith structurally weak and vulnerablebuildings
Suchinsightswill allow policymakergo pinpoint regionswhere immediateinterventionsare necessaryo mitigate risks By highlighting
the geographicadlistribution of infrastructurevulnerabilities the Atlaswill guideefforts in prioritizingdisasterrisk reductioninitiatives. It
will alsoaid in fostering a more focusedapproachtoward capacitybuilding and retrofitting programs,ensuringthat high-risk regions
receiveadequateattention.

Furthermore,the InfrastructureRiskAtlaswill serveasa critical decisionrmakingtool for both governmentagenciesand private sector
stakeholders By enablingmore informed and efficient allocation of resources;t will enhancethe O 2 dzy” ahiiy @ #espondto and
recoverfrom future disasters Thisinitiative representsa significantstep toward improving Pakistan'soverall infrastructure resilience,

ultimately supportingin buildinga saferand more sustainablduture.




Infrastructure Risk Atlas

A proper systematicmethodologywas adopted for compilation of the Infrastructure RiskAtlas It consistsof five phaseswhich are

depictedgraphicallyin the flow chart

- W Overlapping Hazard
Formulation Acquisition of Isjtgmg% gg"ssi’g'g?gg)ﬁnngg Maps with Infrastructure
of Objective Data . S Infrastructure Risk Maps
Vulnerability Maps

a. Formulationof Objective

Thefirst stepin compilationof the infrastructurerisk atlaswas definingthe objectives Threeobjectiveswere formulated which are as
follows:

A Toclassifythe residentialinfrastructureof Pakistarinto variousbuildingtypes

A Toassesshe vulnerabilityof identified structuraltypes

A Toformulate aninfrastructurerisk atlasfor residentialstructuresof Pakistan
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b. Acquisitionof Data:
After the formulation of objectives,data was acquiredfrom the PakistanBureauof Statisticsregardingthe total number of housesin

Pakistan Thisdatawasgatheredand maintaineddistrict wise.

c. Defining StandardParameters
In this step literature review was performed to determine standard parametersfor the classificationof residential structures Various

researchpaperswere reviewedand ultimately EuropeanMacro SeismicScale EMS98) wasmodified for Pakistarand selectedfor classifying

the structuresinto varioustypes Thisstandarddescribeghe classificatiorparameterson the basisof roof andwall types

Buildings (census 1998, see Fig. 1)

1

Material used in Material used in
roofs

walls
I

[ [ ! I 1 [ I 1

Backed Unbacked
bricks! | bricks/ Earth| | \Wood Others RCC/RBC | |  Cement/ Wood / Others
Bamboo Iron sheets Bamboo
Blocks/ Stone bound
Backed Blocks /| | . Unbacked Unbacked [
i Backed bricks/ | wood + Wood bricks+ bricks + Others +
bricks/ Stones + St + Wood Others
Stones + RCC Iron sheets ones= Woo others Wood
= —— | |
Brick Concrete Block Stone
Masonry Masonry Masonry ‘ Timber Adobe

Figure 1:Classification parameters for defining structure types
SourceElaboration of MultHazard Zoning and Qualitative Risk Maps of
Pakistan by Muhammad Shahid Siddique
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Adobe Structures Block Masonry Stone Masonry Brick Masonry Wooden Structures

d. Classificatioron Basisof Defined Standards
Afterwards, the vulnerability of various identified structural types was determined accordingto EMS98 modified for Pakistanand

Building Resiliencdndex vulnerability score which resulted in ranking of the identified structural types againstEarthquakeand Flood

hazards
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The table 1 shows the vulnerability score derived from
MHVRA, NDMA which was used for different types of

structuresagainstearthquakeandflood hazards

e. Formulationof Infrastructure RiskMaps.
In the last step, hazardmapsof earthquakeand flood that
havealreadybeencompiledby NDMAon district level were

overlaidwith vulnerabilitymapsin order to generatedistrict

wiseinfrastructurespecificrisk maps

Vulnerability Score

Type of Structureg
Flood Hazard

Brick Masonry 3.66
Block Masonry 4.24
Stone Masonry 54
Timber 4.82
Adobe 7.14

Earthquake Hazard

3.79

5.56

2.5

7.14

Table 1:Vulnerability score of structures against flood and earthquake hazard
SourceMHVRA NDMA, Pakistan
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National Maps Earthquake Hazard
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Vulnerability Map Most Vulnerable Districts
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National Maps Earthquake Hazard

A e A R A R A R R A R A A R A R A R A R A R A A A R A R R A R A R R R A R A R R K A R A KA A R R A R A A A R A R A A A A R A A A A A R AR AN A AN R EN AR NNARRNEERAEEEREEEEEEEaRETann <&

Infrastructure Risk Map Most at Risk Districts

Chitral A Khuzdar
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National Maps Flood Hazard
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Vulnerability Map Most Vulnerable Districts
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National Maps Flood Hazard
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Hazard Map Most Hazardous Districts
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National Maps Flood Hazard
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Infrastructure Risk Map Most at Risk Districts
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t I 1 A aniddt pkbusand agriculturallyrich province,is
home to 127 million people and features diverse
landscapesjncluding fertile plains, vast river systemsand
historical landmarks The geographicalfeatures contribute
to the province'sagriculturalprosperity and also exposeits
infrastructureto variousrisks

Punjabfacessignificanthazardssuchasflooding, especially
during the monsoon season Its reliance on river-based
irrigation makesit vulnerable to embankment breaches,
riverbank erosion and flash floods, which can severely
damage homes, roads, bridges and irrigation systems

Additionally, the northern region is prone to earthquakes
due to its proximity to the Himalayanseismiczone,further
threateninginfrastructurestability.

Rapid urbanization in cities like Lahore, Faisalabadand
Multan has also strained infrastructure, increasing
vulnerability to system failures in transportation, sewage
and energy networks, particularly during extreme weather
events The Infrastructure Risk Atlas aims to provide a
detailed understanding of these risks, focusing on
earthquakes and floods, and assessesthe resilience of
t dzy cresmléntalinfrastructureat the district levelagainst
thesetwo major hazards

Infrastructure Risk Atlas

1- Murree

2 - Lahore

3 - Mandi Bahauddin
4 - Nankana Sahib

5 - Toba Tek Singh
6 - Wazirabad

Figure 2:District Map of Punjab Province
SourceWikipedia
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Provincial Maps * Punjab

Vulnerability Map Most Vulnerable Districts
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Provincial Maps * Punjab Earthquake Hazard
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Provincial Maps * Punjab

Vulnerability Map Most Vulnerable Districts
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Provincial Maps * Punjab

Hazard Map Most Hazardous Districts
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Provincial Maps * Punjab
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Khyber Pakhtunkhwalocated in northwest Pakistan,is a
region of dramatic landscapes,from the towering Hindu
KushMountain rangeto the fertile plainsof the RiverKabul
Thegeographicateaturesmakethe provincevulnerableto a
varietyof naturalhazardghat impactits infrastructure

Upper
Chitral

Lower [
Chitral y o=

~y Upper
"1 »* Kohistan

~Upper /'
. ':)pir > Swat /

KP lies on the edge of the seismicallyactive Himalayan
region,makingit proneto earthquakeghat havehistorically
causedsignificantdamageto buildings,roads and bridges
The provincealso facesriverine flooding, particularly along
the Kabul, Swat and Indus rivers, worsened by monsoon
rains Flashfloods and overflow from rivers often disrupt

"1 4 Kolar F‘alas N~ J

Lower Shlngll Balagram
Bajaur " Dir <

Ma\akand ~ ;;'
M"’"nand Buner
~») ( ; erdan 79

3

Khyber 4 Nowshera“

\\ Oraknl ::\:‘;'\.“i e
Kurram - D
Kohat

transportation, agriculture and infrastructure, causing - e afL _

© ) ) L W—— 1 - Lower Kohistan
widespread damage The mountainous terrain and LS Karsk 2 - Torghar
. . . . f €5 3 - Charsadda
inadequatedrainagesystemdurther heightentheserisks North /Bannu 4 - Peshawar

Waziristan |

Lakki
A \ Marwat

Additionally, rapid urbanization in cities like Peshawar,
Abbottabad and Mardan has overloaded infrastructure,
including sewageand water supply systems,exacerbating
vulnerabilityto systemfailures, particularly during extreme
weather events The atlas aims to provide a detailed
understandingof these risks, focusingon earthquakesand
floods and assessesthe resilience of KR &esidential
infrastructureat the district levelagainsthesehazards Figure 3:District Map of Khyber Pakhtunkhwa Province
SourceWikipedia
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Sindhlocated in south-easternPakistan,is a region known

for its rich culture, thriving economyanddiverselandscapes,

which influence its infrastructure needs and risks The
provincefeaturesexpansivealluvialplains,semtarid regions
and coastal areas along the Arabian Sea,with the Indus
Riverplayinga vital role in agricultureandirrigation.

Sindhfacessignificantinfrastructure risks, particularly from
flooding during the monsoon seasonand the overflow of
the Indus River These floods regularly damage roads,
bridges and irrigation systems, with inadequate urban
drainage especiallyin Karachiexacerbatinghe impact The

LINE @ ihgt SuSiferswith temperaturesoften exceeding
40°C, stress infrastructure such as energy networks and
transportation systems,increasingvulnerability to climate-
inducedchallenges

Althoughlessseismicthan other regionsof Pakistan,Sindh
is prone to low-magnitudeearthquakeswhich candamage
buildings and utilities. Rapid urbanization in cities like
Karachihas led to congestionand strained infrastructure,
worsening the risks of system failures during extreme
weather events The atlas providesan overviewof Sindh's
residentialinfrastructureandits vulnerabilityto hazards
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Figure4: District Map ofSindhProvince
SourceWikipedia
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