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Natural hazards are dynamic and unpredictable events that are a continuous threat to global socio-economic
development. Humans’ reactions to these catastrophes are influenced by their proximity to the hazards and their ability to
anticipate, resist, cope with, and recover from their consequences. Due to climatic changes, the risk of multiple natural
hazards is expected to increase in several regions of Pakistan.
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| 1. Introduction

Climate change and increasingly extreme weather events have caused a surge in natural hazards in Pakistan. Major
hazards such as inland floods, storms, earthquakes, landslides, droughts, cyclones, and tsunamis & cause harm to
people and a country’s economy. The effect of disasters differs significantly from country to country and is primarily
determined by a community’s physical and socio-economic strength. The economic losses caused by extreme events
have been reported to be higher in developed countries 2B than in developing countries, but the opposite is true for
human casualty figures. In recent years, Pakistan is facing a substantial rise in the frequency and severity of weather
events and earthquakes. This has a detrimental effect on underprivileged communities, including the men and women
living in them. According to the German Watch Report 2019 4, Pakistan is constantly affected by catastrophes. It ranks
among the most affected countries due to natural hazards concerning human deaths, with around 512 fatalities annually
between 1998 and 2020 Bl On 4 January 2010, a massive mound of rocks crashed down the hill at Attabad, a town in
Gilgit-Baltistan, north Pakistan €. The massive landslide buried parts of the town and the adjacent village of Sarat in the
confined strip of land of the Hunza River. This landslide event did not appear suddenly [ZI. The slope had been showing
signs of developing fissures for years. While this was bad enough, it caused a second calamity due to the first. The debris
produced a huge obstacle of a hundred meters high and one kilometer wide, blocking the Hunza River’s passage & and
covering up the Karakorum Highway (KKH). As a result, the entire territory upstream, the Gojal Tahsil, was isolated from
Pakistan. Following that, a lake formed behind the obstacle, which kept expanding until August 2010. It had grown to
about thirty kilometers long at that point [&l. One town was entirely flooded, while four others were partially flooded. Large
portions of the KKH were flooded, causing major communication difficulties between the towns. Furthermore, hazards that
originate outside of Pakistan’'s borders can affect Pakistan's society and economy. There is a need to develop new
institutional frameworks LYLLIL2 yith the mission of developing multi-disaster risk management strategies. For better risk
assessment and management planning, an integrated approach should be adopted by the researchers and scientific
community, as set forth in multi-hazard early warning systems for disaster risk reduction reported by the World
Meteorological Organization (WMO) 231, Natural disasters, such as earthquakes and landslides, may strike without
warning 141151, Droughts or famines are examples of slow-moving events 281, A series of major disasters have hit Pakistan
in recent years 4. There is a pressing need for an increased understanding of spatial discrepancies in natural hazards
due to climate change within a country and mapping regions that require resources to increase resilience and achieve
adaptation and sustainable development goals.

| 2. Spatial Variations of Natural Hazards in Pakistan

Pakistan is exposed to a wide range of natural and manmade hazards. The wide range of natural hazards that Pakistan
faces is due to the geological, topographic, and meteorological diversity of the country L8820 Natural disasters may
occur on a variety of geographical and temporal dimensions. These occurrences vary greatly, ranging from a few seconds
to several months 9. Landslides, avalanches, and earthquake impacts are short occurrences that last only seconds to
minutes. Other occurrences continue longer, ranging from a few hours to many days, such as heavy rain, flash floods,
winter storms, debris flow, and earthquake. Cold and heat waves are long-term occurrences that can last anywhere from a
few days to a few months (21, The Indus Plain, which runs from north to south through Pakistan, covers more than 60% of
the nation. The provinces of Baluchistan and Khyber Pakhtunkhwa are mountainous. Baluchistan is categorized as a
semi-desert environment, with irrigated rice and wheat crops only present in the Indus Valley and lowlands and some
northern woods. Pakistan is made up of high-contrast regions with drastic temperature differences across seasons and
locations



2.1. Floods

Pakistan is one of the top ten nations globally for frequent and severe global climate events such as floods, cyclones,
heavy rains, excessive heat, etc. Pakistan is one of South Asia’s most flood-prone countries. Pakistan is among the five
South Asian countries with the most significant yearly average number of flood-affected individuals. For many years, the
average world temperature has risen due to rise in atmospheric carbon dioxide and other greenhouse gas concentrations
(22123] |t has increased by 0.6 degrees Celsius during the previous century and is expected to rise by another 1.0 to 4.0
degrees Celsius through the end of the present century. Floods in several regions of Pakistan during the rainy season are
the most recent severe climatic occurrences to affect Pakistan 241, Since 2010, Pakistan has witnessed flooding virtually
every year, resulting in massive losses of life and property. Climate change is also threatening the country’s water
security. Increasing temperatures in the country’s mountainous ranges were expected to cause glacier melting, impacting
the Indus River system’s flows [23. Floods occur virtually every year, destroying large areas of land and standing crops
and affecting and displacing millions of people. It has been the country’s most common natural danger since its founding
in 1947. Flooding has become more common over the last few years as a result of global warming and fast climate
change. Pakistan has seen several catastrophic flood disasters since its inception. The severity of flood hazards at the
district level in Pakistan between 1970 and 2020 is shown in Figure 1. Figure 1 shows that southern part of Sindh and
Punjab and some districts of KPK and Kashmir are very highly affected by the floods. This map was made on the basis of
the occurrences of flood events in the past 50 years from 1970-2020. In addition, the districts of Washuk and Kharan of
Baluchistan, most of districts Gilgit Biltistan, and some districts of Punjab, Sindh are found to be highly affected to floods,
and most of the districts of Baluchistan and Punjab and some of the districts of KPK and Sindh were less affected by the
floods.

PAKISTAN FLOOD HAZARD MAP 1970 - 2020

Legend
Flood Hazard

I vy
High
Medium

Low

Very Low
[ Provincial Boundary

s

Arabian Sea

0 75 150 300 KM
b

Figure 1. Pakistan Flood Hazard Map 1970-2020 showing intensity of flood at district level.

Riverine floods in the Indus River Basin, storm floods, glacial lake outburst floods (GLOFs) 2827 and flash flooding
linked with cyclone activity are the four primary types of floods that affect Pakistan regularly. Floods caused by rivers
primarily occur in the Indus River Basin and inundate floodplains along major rivers (Indus, Jhelum, Chenab, Ravi, Sutlej,
and Kabul). Such riverine floods are particularly severe in Punjab and Sindh Provinces, where they have recently inflicted
exceptionally significant damages almost yearly. Agriculture is particularly affected in this area by damage to standing
kharif crops. However, in certain situations, the flooded areas do not dry out in time, causing rabi crops planting to be
hampered. Water spills do not return to the main river channel in the lower Indus River (Sindh province), which runs at a
higher elevation than the neighboring plains. The 2010 floods, for example, were enormous, impacting virtually all of
Pakistan. The damage was estimated to be worth USD 9.7 billion, as shown in Figure 2. Agriculture and cattle were
severely affected, and the water also destroyed many homes and damaged roads and irrigation systems. According to
Pakistani officials, more than 1700 people died as a result of this flooding, and more than 20 million people were affected
(28129130 The number of people displaced by the flooding outnumbered those displaced by the 2004 Indian Ocean
tsunami, the 2005 Kashmir earthquake, and the 2010 Haiti earthquake combined. In Sindh Province alone, the 2011
floods impacted another 8.9 million people and damaged 1.5 million houses in 37,000 communities B, Flash floods are
caused by highly localized connective rainfall or cloudbursts that occur in small- to medium-sized basins in hilly terrains
and at the foot of mountains and hills. Such occurrences, which are common in Baluchistan, Khyber Pakhtunkhwa, and
the northern provinces, can cause significant damage to crops and animals and substantially influence urban centers. The
Nullah Lai, for example, overflowed and swamped surrounding buildings, bridges, and highways in July 2001 as a result
of prolonged severe rains. According to government estimates, at least 10 individuals were killed, 800 homes were
demolished, and 1069 homes were damaged in Islamabad. Twenty-six people died, and hundreds of houses were
destroyed in Karachi in 2009. The overall damages attributable to significant flood occurrences in Pakistan total to more
than USD 38.171 billion 32 during the last 67 years (1953 to 2020), with 50 percent of total direct losses occurring in the



last decade after 2010. Figure 2 shows the districts that were affected by 2010 floods. Three provinces, namely Punjab,
Sindh, and KPK, were severely affected by this flood. About 84 districts out 154 districts of Pakistan were affected due to
this flood. Most of the districts around the River Sindh were severely affected by this flood.
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Figure 2. Map showing number of deaths, injuries, damaged homes, and affected population by province and region as of
30 August 2010. Source: 2010 Flood water analysis by OCHA B3],

2.2. Drought

Drought is one of the probable repercussions of global warming, resulting in a significant drop in water table levels and the
drying up of wetlands. Pakistan is one of the nations predicted to be impacted the worst by global warming B4E3!, prought
has wreaked havoc on districts across Pakistan’s southern and eastern regions. With low rainfall and severe temperature
fluctuations, 60% of the country is categorized as semi-arid to dry, most notably in Baluchistan, Sindh, and the southern
portion of Punjab. Arid areas receive less than 200 mm of rain per year, making them particularly sensitive to even minor
changes in rainfall patterns or the over use of the limited water supply. The most vulnerable regions endure a two- or
three-year drought in each decade. Climate change is susceptible in areas with no surface water and low or brackish
groundwater. Drought is a complicated phenomenon that is intimately tied to its socio-economic environment B8I37 |t js
generally associated with poverty and non-adaptive land, water, and agricultural activities, resulting in groundwater
overexploitation, deforestation, and depletion of grazing areas.

Drought has a variety of acute and long-term consequences for the ecosystem of Pakistan’s impacted areas. In most
parts of Pakistan, agricultural production is heavily reliant on rainfall. Drought has been handled in most parts of Pakistan
with the help of its vast and unique canal network. However, drought continues to be a problem in the places where there
are no irrigation networks. Baluchistan Province, for example, is exceedingly arid, and there are no proper systems of
canal networks to deal with this network. Almost half of Baluchistan receives less than 125 mm of rain per year, and the
remaining areas receive little more than 250 mm of rain 28], Droughts are also severe and common in the Thar Desert,
which lies beyond the Sutlej and Indus Rivers' left-bank floodplains B9, Droughts were so bad in 2000 and 2002 that
people’s livelihoods were devastated. In the Baluchistan and Sindh Provinces, over 3.3 million people were impacted,
thousands of people were forced to move, and millions of cattle were destroyed 4142l According to one estimate, 15
million cattle died, resulting in USD 2.5 billion in economic damages. Because of the severe drought in 2001, the
economic growth rate was lowered from an average of 6% to only 2.6 percent. Severe food and water shortages have
been reported in the Tharparkar area of Pakistan’s Sindh Province since the beginning of March 2014. Several children
have allegedly died of starvation, prompting the regional administration to proclaim a state of emergency 3. Rainfall was
30% below average between March 2013 and February 2014. However, other observers believe that the recent deaths
are the consequence of a combination of causes, including chronic poverty aggravated by the drought and a disease
epidemic that killed animals. Figure 3 map illustrates the situation of droughts in all districts of Pakistan. The drought
situation map of Pakistan was developed based on the water-balance technique used to identify drought-prone districts.
Any area receiving annual rainfall less than the mean annual rainfall for the study period of 1970-2020 is considered to be
experiencing meteorological drought.



Drought Situation Map of Pakistan
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Figure 3. lllustration of the situation of droughts in all Pakistani districts.
2.3. Cyclones

There were 22 cyclones recorded in Pakistan Science from 1970-2020 24, While cyclones are common in the Arabian
Sea, cyclones may cause severe damage to low-lying coastal areas. Typhoons primarily strike Sindh’s coast rather than
Baluchistan’s. Cyclone 2A, a category three storm, wreaked havoc on the coastal regions of Badin and Thatta 42! in 1999,
destroying 73 villages and displacing over 600,000 people. Property and agricultural disasters of up to USD 12.5 million
have also been reported. According to the report of World Disaster 48], cyclones often batter Pakistan’s 960 km long
coastal strip, inflicting extensive death and property destruction, particularly in the coastal districts of Gawadar, Badin, and
Thatta.

2.4. Earthquakes

Earthquakes occur when the ground slips along a fault plane, causing ground shaking. Friction at the margins of active
tectonic plates causes them to become stuck, accumulating tensions along the edges 4. Ground shaking caused by
earthquakes is a major contributor to infrastructure damage and the occurrence of secondary hazards such as landslides,
flooding, tsunami, fire, liquefaction, and ground deformation (28],

With active Himalayan mountains in the north, Hindu Kush mountain ranges in the northwest, and Suleiman mountain
ranges in the southwest, Pakistan is one of the world’s most seismically active areas 4259 The Indian tectonic plate, sub
ducting beneath the Eurasian continent at a 31 mm/year pace, caused a high seismic hazard in Pakistan and the
neighboring Indian and Afghan territories. The formation of the world’s tallest mountain ranges, the Karakoram, Himalaya,
and Hindu Kush mountain ranges, originated from the collision of the Indian and Eurasian plates 51, The mountain ranges
of the Hindu Kush, Karakorum, and Kohe-Suleiman are particularly susceptible, and the resultant destruction can be
enormous due to poor building construction B2, The most recent catastrophic earthquake occurred in 2005 231, Over
85,000 people died, 138,000 were wounded, and 3.3 million people were displaced as a result of the disaster 24,
Hospitals, schools, and emergency services such as the police and armed forces were also shut down. There was too
little infrastructure, and communication was severely hampered B3 Due to the low quality and limited seismic resistance
of structures, small and frequent earthquakes also inflict significant damage. A 6.4 magnitude earthquake struck Quetta
and the adjacent regions on 28 October 2008, killing 160 people and wounding 370 others in Baluchistan B8, As a
consequence of the earthquake, many homes were damaged. The quake’s epicenter was 60 km northeast of Quetta. An
earthquake of a magnitude of 7.2 struck Balochistan on 18 January 2011, killing numerous people and destroying 200
structures B4, The quake was 50 km west of Dalbandin’s epicenter. On 16 April 2013, a powerful earthquake of a
magnitude of 7.7 struck Quetta, causing vibrations throughout Pakistan, Iran, India, and several Gulf nations B8, The
earthquake’s epicenter was in Iran’s Sarawan region, near the Pakistan—Iran border. According to reports, around 34
people were killed, 80 were wounded, and 10,000 homes were destroyed as a consequence of the quake. A 7.5
magnitude earthquake hit Pakistan’s main cities on 25 October 2015, including the northern regions on Sunday, killing at
least 200 people and injuring over 1000 more due to building collapses, landslides, and other quake-related events 59,
On 24 September 2019, a magnitude 5.8 earthquake struck Pakistan-administrated Kashmir and parts of Punjab Province
60 killing at least 37 people, including women and children, and wounding over 500 others, many of whom were severely
injured. The quake hit Azad Jammu and Kashmir's Mirpur area in the south. Hundreds of homes were partly demolished,
roads were damaged, and the region’s hospitals were overwhelmed with casualties. Figure 4 illustrates a map of
earthquake severity levels of all Pakistani districts. Most of the northern districts of Pakistan and north-western districts of
Balochistan Province are vulnerable to earthquakes.



wore wove nooe o0e

uake Hazard Map of Pakistan(1970-2022) @

Legend
[ Provincial_Boundary

7 Indian Occupied Kashmic
Pak_Districts
[ No Affected Districts
[ Low Affected Districts =
[ Moderately Affected Districts 'E
I Hiohy Afected Disticts
I Sxvomely Afiectod Disticts

wooe wo0e ooe T500E

Figure 4. Pakistan Earthquake Hazard Map 1970-2020 showing the severity of earthquakes at district level.
2.5. Landslide

The term landslide has been used to describe the movement of earth material of varied sizes and origins for a long time.
Landslides may vary from minor weather zone disturbances to the deep-rooted displacement of massive rock slab 61,
Their effect will be determined by their kind, depth of material, the pace of movement, environmental stressors, the
volume of material invaded, and closeness to that slide, among other factors 82, A large portion of the country is covered
by steep and geomorphologically active mountains, apart from the huge alluvial Indus Basin, which is prone to periodic
catastrophic floods and desertification (including waterlogging) €3l In Pakistan, most landslides were discovered,
recorded, and examined for analysis and statistical distribution. A huge landslide swept down the slopes of the isolated
Hunza Valley in the Gilgit Baltistan region of northern Pakistan on 4 January 2010 B4185] Twenty people were killed, and
twenty-six houses were destroyed when the town of Attabad was buried. The Hunza River was blocked by the landslide,
and the newly created lake’s quickly increasing waters endangered communities even below and above the reservoir (€8],

Several studies and methods have been formulated to predict slope stability in terms of safety factors EAG8I6AIQI7A]
Landslides and mass wasting frequently occur in the country’s hilly north and northwest. Landslides and slope collapses
are frequent in Pakistan's mountainous regions, especially during the monsoon season Z2. These steep regions are
densely populated, putting enormous strain on natural resources, especially land resources. In Pakistan, the Himalayan
Region has the most slide-affected regions. In the steep regions of the north and northwest regions, deforestation has
increased soil creep. Landslides occur along roads constructed in mountain terrains such as the Muree Hills, Pir Punjal,
and the Hindu Kush during the rainy season Z3. In Pakistan, no systematic and comprehensive research has been
conducted to assess the issue’s scope. Figure 5 depicts a map showing the severity of landslides in Pakistan at the
district level. The authors appreciate the reviewer’s remarks. The landslide zoning map is based on the number of
occurrences of landslides in the past 50 years. The districts where landslides occur frequently are classified as severely
vulnerable to landslides, while the districts where low landslides occur rarely are termed as less severe landslides.
According to the map, the northern districts of Pakistan are highly vulnerable to the landslides.
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Figure 5. Pakistan Landslide Hazard Map 1970-2020 showing the intensity of landslides at district level.

Natural occurrences such as earthquakes and rains contribute to the landslide issue. In Pakistan, improper infrastructure
projects, housing, deforestation, overgrazing, and insufficient agricultural techniques are the leading causes of slope



destabilization, resulting in landslides 74, These landslides not only endanger lives, property, and the environment but
also result in significant economic losses owing to the disruption of communication and infrastructure networks.

2.6. Heatwave

Heatwaves are a common natural climatic hazard that has noticeable consequences for both people and biophysical
systems. Worldwide, the frequency of reported hot days has been three times greater than recorded cold days during the
last decade. A heat wave is a prolonged stretch of hot weather that is unusually hot for the time of year. A heatwave is also
a long stretch of hot weather often accompanied by high humidity (3. The World Meteorological Organization (WMOQ)
defines a heat wave as “when the daily maximum temperature for more than five consecutive days surpasses the average
maximum temperature by 5 degrees Celsius over the usual temperature of a region”. Heatwaves are frequent in
Pakistan’s plains during the months leading up to the monsoon season (May and June) [Z8],

Heat wave occurrences may be divided into two categories based on their physical characteristics: dry and wet heat
waves. Dry heat waves are characterized by dry weather, clear sky, and high solar radiation inputs. Windy conditions may
also be present, which may exacerbate heat stress. Dry heat waves are most common in continental or Mediterranean
climates or where the air is heated adiabatically 278, On the other hand, moist heat waves are marked by extremely hot,
uncomfortable, humid circumstances throughout the day and night, frequently with nighttime cloud cover, which inhibits
the escape of heat collected during the day and therefore offers no respite at night 2. Heat waves such as these are
common in temperate and marine climates in the mid-latitudes, and they may be indigenous in certain areas. Heat waves
are more likely to occur in places with a highly changeable summer climate or a clear hot season as a consequence of
these features. They may, therefore, arise from various large-scale meteorological circumstances and climate-related
mechanical processes.

In June 2015, Pakistan was hit by a severe heat wave, resulting in many deaths, particularly in Karachi B2, From the 17th
to the 24th of June, most of the country was engulfed in a heat wave. High temperatures were reported in the southern
regions of the nation on 20 June. Temperatures varied from 49 degrees Celsius in Larkana and Sibi to 45 degrees Celsius
in Karachi B2 Muyltan in southern Punjab reported a temperature of 40 degrees Celsius, while Sibi and Turbat in
Balochistan Province saw temperatures of 49 degrees Celsius. The regions of Pakistan where a heat wave with maximum
temperatures of more than 45 °C swept over included much of southern Punjab, northern and western Sindh, as well as
Karachi [83]. Due to the heatwave, heatstroke-related deaths were recorded in Karachi, Hyderabad, Noshero Feroz, Dadu,
Badin, Thatta, and Tharparkar.

As mentioned above, Pakistan is having trouble with the average temperature rising as a result of climate change. In
Pakistan, heatwaves are increasingly more frequent than ever. Figure 6 demonstrates the prevalence of heatwaves in
various Sindh districts as well as the majority of south Punjab districts. Heatwaves also occur in Karachi, the largest
metropolis in Pakistan. Baluchistan’s District Chaghi, Kech, was severely impacted by previous heatwaves. The impact of
urban heat waves has increased in many Pakistani cities due to fast and unsustainable growth. In Pakistan, deforestation
is a significant contributor to heatwaves. A significant contributor to Pakistan’s rising trend of heatwaves is also the trend
of global climate change.
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Figure 6. Pakistan Landslide Hazard Map 1970-2020 showing the intensity of heatwaves at district level.

2.7. Glacial Lake Outburst Floods (GLOFs)

Glacial lake outburst flood (GLOF) is another frequent natural disaster. Pakistan's Karakoram Himalayas are experiencing
a phenomenon of GLOF B4, |n the upper catchments of Pakistan’s main rivers, there are 2600 glacial lakes, all of which
are proglacial. These glacial lakes may jeopardize all development projects in the immediate downstream region of the
lakes, including different hydroelectric power projects, bridges, highways, and low-lying population concentrations. In
2008, five GLOF incidents were recorded from the Hunza Valley’'s Gojal hamlet, inflicting significant damage to the



infrastructure of these regions. Although the local community has made effective small-scale measures to drain a few
lakes in the Ghulkin Glacier, Pakistan currently lacks a comprehensive mitigation scheme to minimize the danger
presented by the GLOF hazard 28], The GLOF event may not always directly impact human settlements, but it may create
secondary dangers in certain instances, such as in the case of Pingal Lake in Gupis Tehsil.

Many glacial lakes are created along the lateral moraines along the glacier’'s edges. The lateral moraines form a linear
high that usually runs parallel to the glacial drift direction. This forms a glacial lake by creating a linear depression
between the lateral moraine and the projecting boulders. Global warming is the source of heat in the Himalayas,
Karakoram, and Hindukush, amplifying glacier melting, lake creation, and outburst B!, A debacle, jokulhlaup, alluvion, or
glacial lake outburst flood are all names used to describe the abrupt release of high water flow from glaciers. Because
there are numerous glacial lakes in their catchment regions, the areas of Kalam, Bahrain, and Madyan in Swat Valley are
susceptible. They may be affected by a GLOF event in the future. Kalam is located at the confluence of five main
tributaries of streams that flow straight into over 15 glacial lakes, including Kandol Lake (€8],

Similarly, Bahrain is vulnerable to more than ten glacial lakes, which may wreak havoc on the city of Bahrain, which is
located on the Bahrain River’s debris fan. Shiringal is the other populated area of the Swat Valley, with nine glacial lakes,
including a couple of lakes in the catchment area of the nearby Barikot Village. In Chitral, a few GLOF events have been
reported from Yarkhun Lasht or Yarkhun Valley, including Boni, which may be linked to the glacial lakes of the Broghil area
87, The intensity of GLOF at the district levels in Pakistan is shown in Figure 7. Any GLOF event may be triggered by
several causes, including seismic activity, volcanic activity, landslides, rockfall, etc.
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Figure 7. Pakistan GLOF Hazard Map 1970-2020 showing the intensity of GLOF at district level.
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