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Flood is one of the most damaging natural disasters as the recent floods have

shown their serious impact on Pakistan. Flood control and regulation policies

are essential to reduce the risks of economic downturn, a threat to human

existence, and to sustain the ecology. The severity of flood catastrophe

activities represents a constant and severe issue in the world. Floods are

rising year by year in severity and duration, causing negative impacts on the

social and economic conditions of the nation concerned. While the frequency

of floods cannot be avoided, their adverse impacts can be considerably reduced

by adopting careful planning and efficient training. This paper reviews the

socioeconomic impact of floods, and the existing condition of flood control

policies outlines the flood protection problems and discusses opportunities for

successful and efficient flood control in Pakistan. The paper also intends to

propose several suggestions for efficient and sustainable flood control in

Pakistan.
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1 Introduction

Floods are one of the major sources of anthropological and

ecological destruction. It affects the socio-economic conditions,

worsens public health, generates unemployment, damages the

ecosystem, etc. (Allaire, 2018; Parida, 2019). Currently, public

and private institutions are struggling to formulate and evaluate

risk management and adjustment strategies, involving systems

for flood prevention and advance alerts with urbanization

patterns and land use planning under consideration in the

wake of urban flooding. One major reason is the land

adjudication and administration system of Pakistan is colonial

in nature and lacks judicial augmentation, providing a chance for

flawed urbanization (Shafi et al., 2022). However, policymakers

face substantial hiccups in the mitigation of natural disasters’

aftermath globally. In this wake, countries with stable economic

structures and administration have reported fewer mortalities

and lower socioeconomic damages as compared to developing

countries (Anbarci et al., 2005; Kahn, 2005).

Certain approaches are utilized to manage floods and

mitigate their aftermath. Here, Effective Risk Avoidance

involves a detailed understanding of the effects of floods on

the public, the economy, and the efficiency of disaster

management strategies. The realistic approaches focus on the

potential risks and benefits analysis. Currently, prevention

approaches are often decided based on active expert analysis

of floods. However, cost-benefit analysis is seldom used in

mitigation planning, possibly because of insufficient empirical

evidence on a broad range of types of losses. Government and

non-governmental sectors also transfer their resources from

production to restoration and rehabilitation practices which

slow down the growth of Gross Domestic Product (GDP) and

overall Human Development Index (HDI) (Sadia et al., 2013; Isik

et al., 2021).

The South-Asian Subcontinent, with The Great Himalaya

Glaciers, remains at primary risk. Though currently, the rainy

season remains the major reason for the flooding in the region

the presence of glaciers and the rise in average temperature

remain a permanent threat to the region. Floods are the most

common natural disaster in the region with 40% occurrence rate

(Chaudhry, 2017). Furthermore, urban flooding reasoned by

solid waste management and decreases in urban vegetation

has affected 9.6 million people in Bangladesh, India, and

Nepal, with 6.8 million from India only. South Asia floods:

9.6 million people swamped as humanitarian crisis deepens

(IFRC, 2020).

It has been observed that the average global temperature has

been rising at a higher rate since 1980. Due to this glaciers are

melting rapidly, generating glacial lakes and associated hazards.

Glacial Lake Outburst Floods (GLOFs) are extremely destructive

because of large volumes of water flowing in narrow river

channels. The greatest number of GLOFs, out of all the

natural disasters that have occurred worldwide, have been

reported in Central Asia (Carrivick and Tweed, 2016; Nie

et al., 2017; Mohanty and Maiti, 2021). Global warming as the

sole reason GLOFS, the Hindukush-Karakoram-Himalaya

regions of Pakistan, which contribute more than 50% of the

entire flow of the Indus River System (a major water system), has

observed a higher melting rate of glaciers. This condition has led

to an increase in the frequency of glacial-related hazards in this

Himalayan region. GLOFs which are either caused by the sudden

failure of the “dams,” or in the absence of the dams release huge

volumes of water and debris wreak havoc downstream. GLOFs

have the potential to massively harm people living in the

Himalayan region, especially Indus River Basin (Ashraf et al.,

2012; Ashraf et al., 2021; Ahmad et al., 2022).

Achieving sustainability in the country in terms of economic,

social, political, and environmental issues is discussed more

thoroughly nowadays because the phenomena of globalization

as well as global warming are based to meet today’s requirements

without compromising the ability of future generations (Işık

et al., 2021). The rising CO2 emission worldwide will be rising

government spending as the result increases real GDP per capita.

So, state policymakers are trying to limit or minimize

CO2 emissions (Işık et al., 2022). Pakistan is among the most

vulnerable countries to floods and water-related disasters as

Pakistan has the most glaciers outside the arctic circle. The

climate changes and monsoon season have significant impacts

on socio-economic degradation, specifically on agricultural

production and livestock. The regular occurrence of flood

catastrophes affects different regions of Pakistan (See Table 1).

Floods are expensive environmental disasters, leading to

property and agricultural land destruction. Floods are typically

short-lived occurrences that can occur with a tiny alert

(Commission, 2007). Pakistan has experienced an

unprecedented increase in floods in the last 20 years. Fifty-

four (54) floods of differing intensity hit Pakistan, placing it

10th on Global Environment Risk Index (Kreft et al., 2015;

Rehman et al., 2015; Sardar et al., 2016). Pakistan is

positioned within a hazard-prone region and is bare to a

variety of natural catastrophes like floods (Rafiq and Blaschke,

2012). The past of the region’s flooding is relatively lengthy.

Many significantly disastrous floods caused considerable harm to

economic development. Table 2 provides the history of floods in

terms of losses incurred. Each flood is caused by heavy rainfall in

the Indus River catchments and its main tributaries (GoP Annual

Flood Report, 2017). According to the World Health

Organization (WHO) twenty (20) million residents in

seventy-eight (78) areas were affected by 2010 floods, taking

one thousand eight hundred (1800) life’s, causing damage, or

destruction of nearly two million houses with a cumulative cost

of $9.7 billion. Public infrastructure i.e., roads, bridges, hospitals,

schools etc., were immensely affected, deteriorating accessibility

to health, education and mobility resulting in poverty,

deprivation, and psychological and social trauma necessitating

rehabilitation and restoration (Sardar et al., 2016).
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There are typically five forms of flooding frequently

occurring in the country, such as flash floods, river floods,

tidal floods, marine floods, and pluvial floods. The heavy

rainfall in canals’ catchment areas triggers pluvial floods of

canals or dams, and water goes out towards the dry land and

affects the area (Yaqub et al., 2015). Main floods in Pakistan are

linked with the low depressionmonsoon rainfalls that form in the

Bay of Bengal and spread west/northwest through India to

Pakistan (Kronstadt, 2010). Apart from Monsoon rains,

meltdown of glaciers causes flashfloods in hilly areas

rendering massive destruction. However, urban flooding is

solely related to monsoon rains and unplanned urbanization

restricting drainage passages and encroachments. Furthermore,

coastal floods are mostly caused by tropical storms in South-East

Sindh and Makran regions (Yaqub et al., 2015). Pakistan faces

severe floods from July to September period owing to heavy

monsoon rains in all the regions of Pakistan inundating the Indus

River Basin. Hydrologically, the region can be categorized into

TABLE 1 Most vulnerable districts of Pakistan for flood and flash flood (NDMA, 2019).

Province River/Flash flood

Balochistan Bolan, Chagai, Gwadar, Jaffarabad, Jhal Magsi, Kech, Kharan, Khuzdar, Lasbela, Nasirabad, Nushki, and Sibi

KP Buner, Charsadda, Chitral, D I Khan, Dir Upper, Dir Lower, Kohistan, Kurram, Lakki, Marwat, Malakand, Mansehra, Mardan,
North Waziristan, Noshera, Orakzai, Peshawar, Shangla, South Waziristan, Swabi, Swat and Tank

Punjab Bakkar, D G Khan, Gujranwala, Gujrat, Jhang, Khushab, Layyah, Mianwali, Muzaffargarh, Narowal, R Y Khan, Ranjanpur,
Rawalpindi, Sialkot and Sheikhupura

Sindh Badin, Dadu, Ghotki, Jacobabad, Jamshoro, Kamber, Karachi, Kashmore, Khairpur, Larkana, Sanghar, Shahdadkot, Shikarpur,
Sukker, T M Khan and Thatta

TABLE 2 Historical flood damages in Pakistan (period 1950–2017) (GoP Annual Flood Report, 2017).

Year Direct losses Lost lives (number) Affected villages (number) Flooded area (Km2)

1950 488 2,190 10,000 17,920

1955 378 679 6,945 20,480

1956 319 160 11,609 74,406

1957 301 83 4,498 16,003

1959 234 88 3,902 10,424

1973 5,134 474 9,719 41,472

1975 684 126 8,628 34,931

1976 3,845 425 18,390 81,920

1977 338 848 2,185 4,657

1978 2,227 393 9,199 30,597

1981 299 82 2,071 4,191

1983 135 39 643 1,882

1984 75 42 251 1,093

1988 858 508 100 6,144

1992 3,010 1,008 13,208 38,758

1994 843 431 1,622 5,568

1995 376 591 6,852 16,686

2010 10,000 1,985 17,553 160,000

2011 3,730 516 38,700 27,581

2012 2,640 571 14,159 4,746

2013 2,000 333 8,297 4,483

2014 500 367 4065 9779

2015 170 238 4,634 2,877

2016 6 153 43 —

2017 — 172 — —

Total 38,171 12,502 197,273 616,598

Frontiers in Environmental Science frontiersin.org03

Manzoor et al. 10.3389/fenvs.2022.1021862

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1021862


three main divisions: Indus Basin, Kharan Basin, and Makran

Coastal Drainage Zone. Such basin’s flooding features differ

significantly and require a detailed understanding (Tariq and

van de Giesen, 2012). The flood hazard map indicates the most

vulnerable districts of Pakistan with major river systems

(developed after (NDMA, 2019) as shown in Figure 1. A

topographic map of Pakistan with recent flood events is

shown in Figure 2. The list of the most vulnerable districts of

Pakistan concerning Flood and Flash Flood is shown in Table 1.

The geographical distribution of Pakistan’s 2010 floods’ direct

and indirect damages is shown in Figure 3 and Figure 4

respectively.

Global Warming and climate change are serious issues,

concerning Pakistan. Our article represents the impact of global

warming and climate change. As evident the cloud bursting

phenomenon is quite new for Pakistan, the same is the case with

Glacier Bursts. Keeping floods as the focal point of the study we

maintain this proposition that climate change is one of the primary

reasons for wreaking havoc in Pakistan. With this background, this

article examines the recent and emerging developments in

catastrophe situations to evaluate the effects of floods on the

socio-economic conditions of the higher flood-risk areas. The

purpose of this study is to assess the socioeconomic cost of

floods and to strengthen flood control policies in Pakistan, which

is a resource-limited and vastly populated developing nation, and

highly dependent on the agricultural sector. The paper utilizes a

literature synthesis approach, extracting data from various resources

ranging from published articles to government documents.

Moreover, ESRI topographic layer was used to develop a

topographic map of Pakistan. The study emphasizes that

exploration of flood mitigation criteria is also needed as the

floods in the country are becoming more regular and severe.

2 Material and methodology

This study reviews the existing literature on the flood, flood

management, and socioeconomic cost in Pakistan focusing on

riverine and extreme floods (2010). The theoretical framework of

the study is shown in Figure 5.

FIGURE 1
Flood hazard map indicates the most vulnerable districts of Pakistan with a major river system map developed after (NDMA, 2019).
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The present study compiled and comprehensively analyzed

numerous scientific and analytical reports, scholarly articles

relevant to flood management studies, economic surveys of

Pakistan, and other relevant reports released by different

scholarly, consulting, and consultant institutions to extract

and synthesize main studies on floods and flood management

in Pakistan. A comprehensive empirical literature review was

performed by using Google Scholar and a related search engine.

The literature that has the greatest relevance to Pakistan was

cited. The study also reported crucial findings and suggestions.

The past research suggests various review methods, empirical

analysis, and meta-analysis (Toya and Skidmore, 2007; Jonkman

et al., 2008; McMullen and Lytle, 2012). The studies aim to create

an empirical link by collecting data such as the impact of floods

on GDP (Kirigia et al., 2004; Rufat et al., 2015). But in the case of

Pakistan, the data available is insufficient to either adopt or

develop any complicated method, however empirical analysis of

the facts and figures provided through reports, government

documents, and policy papers, and correlate these with studies

reviewed. The focus of this study remains to provide insight into

the flood problem by reviewing it through data synthesis and

textual analysis approach, which will access the impacts of floods.

This study will establish an understanding of the importance of

the topic, where impact analysis will ensure the need for extended

studies conducted in the Netherlands and Africa (Kirigia et al.,

2004; Jonkman et al., 2008).

FIGURE 2
Topographic map of Pakistan with recent flood events (Source: ESRI topographic layer used).

FIGURE 3
Geographical distribution of Pakistan’s 2010 floods direct
damages; Source: Pakistan floods 2010 preliminary damage and
needs assessment (Asian Development Bank, 2010).
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3 Floods and their impacts

Our study will steer through past research which includes a

broad range of topics concerning measuring the impact of floods

i.e., agriculture and livestock, impact on human health, the

economic cost of floods, flood forecasting, flood warning

mechanisms, and flood management.

As, the recent floods have devastated the country, and have

inundated more than 40% of Pakistan, we can only speculate the

losses in wholistic terms. It has been recorded that more than

30 million people have been displaced, with most parts of the

Sindh province remaining under imminent threat. So currently,

the estimates can only be compared in terms of Macro losses, like

no. of people migrated, an area inundated, infrastructure

destruction, etc. but the exact figures will remain ambiguous.

As far as the scale and scope of the current flood are concerned,

we can only conclude this fact that it has immensely damaged the

country as compared to the flood of 2010.

3.1 Impact on agriculture and livestock

The impact of the flood on the agriculture sector can be

divided into the following six categories: 1) Livestock evacuation

in an urgent situation; 2) Avoidance of spring field exposure,

allowing livestock to be sheltered ormoved to certain other flood-

free places; 3) Harm to crop and grass productivity in worst-

affected areas with massive loss of pasture 4) Driven production

loss and affected the performance of cultivation and agricultural

land; 5) Destroyed irrigation structures and facilities at the farm;

6) Loss of advantageous soil invertebrates, in particular

earthworms, elevated risk of animal disease, including

infection of liver fluke (Morris and Brewin, 2014). As

agriculture remains the largest sector of Pakistan’s economy,

employing 43 percent of the population, its yearly contribution to

the GDP period 1969–2011 is shown in Figure 6.

Climate change typically has minor effects on the world food

supply, but the consequences of climate change are widely

distributed unevenly. Low-income economies, such as those in

South Asia and Africa, experienced most of the casualties. By

taking the data from 1989 to 2015 and by using the Feasible

General Least Square (FGLS) model (Ali et al., 2017) studied the

climate changes impact on Pakistan’s major crop yields. The

results showed that except for wheat, the impact of rainfall on the

FIGURE 5
Theoretical framework of the study.

FIGURE 4
Geographical distribution of Pakistan’s 2010 floods indirect
damages; Source: Pakistan floods 2010 preliminary damage and
needs assessment (Asian Development Bank, 2010).
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production of any other selected crop is negative (Iqbal et al.,

2018). Evaluated the impact of Pakistan’s 2010 flood on Khyber

Pakhtunkhwa’s agriculture sector and found that after the flood,

the family income of agricultural labor dropped, resultantly, in

the usage of chemical fertilizers and other agricultural inputs also

declined. The floods have adversely affected agricultural output

where there was a considerable fall in wheat, maize, and sugar

cane output. In Pakistan, the floods and heavy rains have not only

affected agriculture crops, livestock, and forests but also

devastated necessary facilities such as tube wells, domestic

water storage facilities, animal shelters, private seeds

inventories/pesticides, and agricultural equipment (Iqbal et al.,

2018). Baluchistan and KPK experienced mostly heavy rains,

while Punjab and Sindh experienced mostly slow-rising floods on

the canal. 2011, 2012, 2013, and 2014s floods damaged residential

and agricultural properties, livestock, and crops. (Ashraf et al.,

2013). proposed that floods made food shortages and food

insecurity for the citizens as they had to utilize polluted

resources, particularly water.

Due to the 2010s flood, the agriculture industry has suffered a

total loss of about Rs. 429 billion. For example, the profitability of

cotton production decreased to 11.76 million bales as compared

to the expected production of 14 million bales. Rates of the inputs

of agricultural products such as urea, and chemicals, diesel had

increased dramatically (Bukhari and Rizvi, 2017). According to

(Rehman et al., 2015), twenty percent of the country’s overall

landmass was inundated, affected by the 2010s flood, with

cumulative damages of above USD 10 billion. The agriculture

sector’s contribution to GDP is shown in Table 3 showing a

significant decrease in the fiscal year 2010–11.

The flood caused the loss of millions of livestock including

around 200,000 dead in the 2010 flood in Pakistan. The final

number of losses was higher. The Food and Agriculture

Organization (FAO) announced that after the disaster,

millions of surviving animals were confronting a food

shortage situation that was alarming. The call for

5.7 million dollars has been made by UNO for emergency

assistance for livestock. However, funds of 1.4 million dollars

have been mobilized by FAO to secure feedstuff and the

healthcare of livestock. Currently, the full scale and scope

of the catastrophe are not clear, which will require more

resource allocations once the situation becomes clearer

(Deen, 2015).

3.2 Impact on human health

Floods pose an enormous challenge to the healthcare system

and its efficacy. For example, it can damage access to drinkable

water by infiltrating the aquifers, thus increasing the

transmission of waterborne diseases. The health concerns are

classified as direct and indirect. Where direct effects arise from

deep water and flooding penetration, including death, debris

injury, environmental pollution, and hypothermia. Indirect

effects include threats related to the water disruption to the

natural and physical environment, including communicable

diseases, obesity, famine-related diseases, and displaced

population-related diseases. The number of people affected by

the different diseases by the 2010’s flood is shown in Figure 7

(Ahern et al., 2005; Du et al., 2010).

The floods’ health effects could also be categorized as

instantaneous medium and long-term. Flooding can also

develop a high number of breeding grounds for insect and

infection-borne diseases such as malaria. There have been

various reports of increased risk throughout Asia, Africa, and

Latin America in historically tropical countries. Public medical

professionals and relief workers also warn after natural disasters

that the dead bodies of affected people can trigger disease

outbreaks such as cholera. The anxiety induced by such

statements enables societies, local governments, and

institutions to dispose of affected people quickly without

identification. This leads to psychological stress for family

members alive and causes legal issues including land,

insurance claims, and inherited wealth (Kondo et al., 2002;

Morgan et al., 2005).

Reacher et al. (2004) evaluated the impact of floods on public

health by taking the data of massive floods for the period of

12 October 2000 in the region of Lewes in the south of England.

They found that floods are linked with an earache, psychological

distress, and gastroenteritis. Psychological damage may illustrate

some of the additional physical illnesses recorded by affected

people, and likely even by children. Strategies to encourage the

adaptation of the community to disasters, where flood

management has deteriorated will provide logistical assistance

for flood victims and adequate therapeutic help. However, in

Bangladesh, studies conducted on the causes and spread of

diarrhea at the expense of flooding. It highlighted the

important demographic, economic, and social aspects from

the preview of amenities provided by the system and how the

FIGURE 6
Agriculture sector’s contribution to gross domestic product
(GDP) period 2011–2019 (Economic Survey of Pakistan
2018–2019) (Gop Pakistan Economic Survey, 2019).

Frontiers in Environmental Science frontiersin.org07

Manzoor et al. 10.3389/fenvs.2022.1021862

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1021862


provision of food and clean drinking water becomes essential

during and after flooding (Kunii et al., 2002).

The prevalence of diarrheal disease and its associated

epidemiological factors were examined by (Mondal et al.,

2001), by applying a systematic random sampling analysis on

the data of two identified flood-prone regions in West Bengal’s

Midnapur area. The research found the diarrheal disease to be the

most severe morbidity in flood-prone communities. Some habits,

such as using pond water for utensil washing and cooking

purposes, hand washing after soap-less defecation, inadequate

washing hands before feeding, open area defecation, storing of

drinkable water in large mouth containers, etc., were found to be

correlated with increased diarrhea attack levels, both in research

and control community during flooding to the pre-flooded

period (Mondal et al., 2001).

Access to medical care and drugs is of central concern in the

flood-affected areas of Pakistan, as is the reconstruction of

community health facilities in the region. According to the

WHO, 2010s flood affected more than 20 million people,

many of whom were homeless. At that time, at least 8 million

people required urgent humanitarian aid. More than 400 of the

approximately 3000 clinics and hospitals in flood-affected areas

had been affected or closed, thereby restricting the availability of

urgent and daily healthcare. The availability to clean water for

drinking and standards of health and safety were severely

affected, though the risks of occurrences of waterborne

diseases. Specific health issues, such as tuberculosis, skin

diseases, severe respiratory diseases, and starvation, were of

utmost concern (WHO, 2010).

3.3 Economic cost of floods

The future of the world economy is more uncertain than it

has ever been, and this uncertainty is sensitive to uncertainties

relating to a range of economic policy decisions made by all

parties involved, including governments (Işık et al., 2019).

Natural climatic risks have direct interaction with core

macroeconomic factors and can affect economic development

andmarket performance rapidly. Jonkman et al. (2008) described

a framework established for the assessment of flood damage in

the Netherlands and suggested that the economic loss resulting

from the floods relies on the country’s vulnerable location,

coastal zone, and economy. According to (Toya and

Skidmore, 2007), high-income economies, high schooling,

more transparency, more robust financial structures, and

reduced government suffer fewer casualties from natural

disasters. They argue that private preference for safety nets

rises because of increasing people’s wages because higher

salaries encourage individuals to mitigate the danger by

investing extra in precautionary measures.

With improved GDP growth, citizens could have improved

facilities, alarming networks, and flood-prone precautionary and

protective steps that can mitigate the effect of floods. Sadia et al.

(2013) examined the impact of natural disaster deaths on

Pakistan’s GDP per capita from the disaster by taking the

data for the period 1975 to 2009, using the ordinary least

square model, and found a strong positive impact on per

TABLE 3 Agriculture sector’s contribution to gross domestic product (GDP) period 1969–2011 (Economic survey of Pakistan, 2010–2011) (GoP
Economic Survey, 2011).

(At constant factor cost) (%)

Years 1969–1970 1999–2000 2004–2005 2008–2009 2009–2010 2010–2011

Commodity Producing Sector 61.6 49.3 48.7 47.1 47.6 46.7

Agriculture 38.9 25.9 22.4 21.8 21.2 20.9

Major Crops 23.4 9.6 8.4 7.3 6.9 6.5

Minor Crops 4.2 3.5 2.7 2.5 2.2 2.3

Livestock 10.6 11.7 10.6 11.3 11.4 11.5

Fishing 0.5 0.4 0.3 0.4 0.4 0.4

Forestry 0.1 0.7 0.4 0.3 0.3 0.2

FIGURE 7
Number of people affected by the different diseases by the
2010’s flood (GoP, 2011).
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capita GDP from disaster-related deaths, human capital, and life

expectancy.

Ahmad et al. (2011) proposed that two levels of flood damage

could be evaluated. The harm to facilities (infrastructure) and

mortality can be called the first tragedy accompanied by second

disasters like the families facing poverty due to the death of

earning hands. The risk of the second catastrophe may be higher

than that of the first. The risk of natural hazards along with

people’s socio-economic insecurity presents a major threat to the

system of Pakistan’s government.

Sardar et al. (2016) discuss three threats linked to floods:

death, property destruction, and non-fatal community

consequences, and calculated the effect of these disasters on

Pakistan’s GDP growth for the duration 1972–2013. Their results

showed that the per capita GDP development and emergency

prevention reduce the severity of flood risks associated with it.

Most notably, and contrary to evidence from several nations,

flood intensity accentuates flood-related hazards in Pakistan

which indicate a lack of understanding of previous flood

experience. Concerning the flood-to-economic growth

connection, their analysis showed that flood-related threats

have a substantial negative effect on the economy’s GDP

performance. Property loss causes economic development with

the greatest effects.

3.4 Housing

According to the economic survey of Pakistan in 2011,

approximately 392,786 houses were affected, and 728,192 were

lost. In the districts of Muzaffargarh and Rajanpur in Punjab,

Nowshera, and D. I. Khan in KPK and Jaffarabad, Jacobabad,

Shikarpur, and Thatta in Sindh, the harm was more noticeable

also shown in Figure 1 and Table 1. The geographical distribution

of Pakistan’s 2010 floods direct and indirect showed in Figure 3

and Figure 4, respectively. The flood damages and reconstruction

costs by sector as shown in Table 4.

4 Flood management in Pakistan

The flood prevention strategy is a relatively complicated

problem in Pakistan. In each of the four provinces, the

complexity of the issue differs because of their specific

physiographic, climatic, geographical, and socioeconomic

circumstances (Chaudhri, 1981). Early severe flooding

happened in 1950, 1956, and 1957 after independence.

However, no systematic flood control program was

implemented at the national level, owing to scarce funding

and administrative structures. Protection and control of

flooding remained the exclusive responsibility of regional

governments until 1976. That improved after 1973 destroying

floods that took 474 lives and caused damage of 160 billion

Pakistani Rupees (Tariq and van de Giesen, 2012).

4.1 Evolution of flood management
system in Pakistan

In 1973 Pakistan faced severe floods which led to the

establishment of the Federal Flood Commission (FFC) in

1977. The commission worked under the Ministry of Water

and Power and was established to implement nationwide flood

management, particularly concerning the Indus River Basin. The

main functions of the FFC include developing national flood

management measures; approving flood management plans

drawn up by local governments and federal entities;

examining flood damage to facilities in the public sector, and

analysis of repair and rehabilitation plans; flood forecasting, and

alert program enhancement measures; providing guidelines on

standards for the management of flood protection reservoirs

(GoP Annual Flood Report, 2009).

The first National Flood Protection Plan (NFPP-I) was

developed after the creation of the FFC, with a spending

timeline to be introduced throughout the 1978–1988 decade.

A Federal Coordination Cell (now reshaped as FID Cell) was

formed in 1982 to organize the Provincial Irrigation

Departments ’ operations, especially in the drainage region. In

1987 Dam Protection Council was set up to examine established

dams via DSO WAPDA and proposals for new dams etc. (GoP

Annual Flood Report, 2009).

In Pakistan, flood control initiatives consist primarily of

flood-protection embankments, spurs, studs, and sophisticated

flood-prediction strategies. The provincial governments have

TABLE 4 Flood damages and reconstruction cost by sectors (Rs. in
Billion) (Pakistan: Flood Impact Assessment, 2011).

Sectors Damages Reconstruction cost

Transports and communication 113 200

Irrigation 24 37

Energy 26 9

Agriculture 429 22

Education 27 43

Health 4 4

Water and sanitation 9 6

Environment 1 18

Governance 6 5

Disaster risk management — 2

Housing 135 126

Private sector 24 9

Livelihoods support — 58

Financial sector 57 39

Total 855 578
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developed numerous flood-protection systems to address local

flood challenges (Baig, 2008). According to Ahmed et al. (2014)

flood risk reduction in Pakistan was handled primarily by federal

and provincial authorities, which typically need to be

reconsidered to find innovative methods and strategies to

counter the threat. Flood management institutions and their

responsibilities are presented in Figure 8.

4.2 Flood warning system in Pakistan

According to Jain et al. (2018), Flood Forecasting and

Warning System (FFWS) main aim is to inform the public

and other stakeholders of an imminent flood as early and

effectively as possible. In Pakistan, the mechanism of flood

warning and control undertakes three phases: 1) The PMD

tracks the monsoon weather pattern, which produces either

from the west in the Arabian Sea or from the East in the Bay

of Bengal, in the first stage. Their movements are monitored for

the upper catchments lying in Pakistan or over the border, and

estimates are generated one to 2 days in advance for expected

rains and the severity of such rains. In the case of rains, the

volume of rainfall is estimated and evaluated above the rim

stations for their possible run-off relationship) after that is the

stage of flood creation that starts with the generation of runoff

from the rim stations and flows down into the Indus River and its

tributary. Projected rainfall and flow data and real upstream

flows are the hydro-meteorological portions of the flood

prediction method 3) ultimately, the hydrological part of the

forecasting network is to track and control the route of the flood

wave below the rim station of the rivers at the downstream

locations. This is handled by WAPDA and controlled in

respective provinces by the irrigation departments (Hussain,

2015).

The early warning system of Pakistan is efficient to some

extent; however, the flood warning system only aims to provide

information, rather protective measures. In our opinion, as we

have also mentioned in the study, such acts can only help lessen

the losses to be incurred. However, the implementation in the

form of evacuation, protection, and migration is based upon the

behavioral choices of the people of the area. We can mention the

example of Mardan, where legal force was used to vacate the city

during the 2022 floods. Thus, flood warning system calculates

and provides relevant information. However, the impact must

reach the grassroots level, furthermore, there is a strong need of

creating a civic sense among the people of Pakistan. As can be

seen in the case of Sawat River flash floods, it is speculated that

most of the socio-economic loss incurred was caused by

illegitimate activities, land grabbing on the riverbed, and

around the torrent flow, which was against the River

Protection Ordinance, 2002.

4.2.1 Flood forecasting division’s flood
forecasting models

The FFD employs the Flood Early Warning System (FEWS)

and the Indus Integrated Flood Analysis System (IFAS) for flood

forecasts. In terms of urban areas, flood prediction and warning

systems were developed in the Nallah Lai Basin (Afsa et al., 2013;

Sugiura et al., 2014). Since 2007 the FFD has used the flood

forecasting framework FEWS built by Delft Hydraulic in the

Netherlands. The FEWS contains (1) the rainfall-runoff interface

Sacramento Soil Moisture Accounting (SAC-SMA) and (2) the

SOBEK, an interface for hydraulic fluid routing (Shrestha et al.,

2019). The Layout contains data from forty-four (44) WAPDA

telemetry stations. The rainfall-runoff process performance

determines the entrance into the routing mechanism (Awan,

2003). Early warning mechanism components are shown in

Figure 9.

From the perspective of South Asia, the hierarchical

institutional structure Flash Flood Guidance System with

Global Coverage (FFGS) can provide warnings about 6–24 h

in advance for South Asian countries, including India, Nepal,

Bhutan, Bangladesh, and Sri Lanka. However, the respective

NDMA’s of these countries perform the same functions as

Pakistan, Since Bangladesh and India are more densely

populated than Pakistan, the riverbank protection in India

and Bangladesh is much more rooted at the state level, and

powers are transferred to the grassroots level for

FIGURE 8
Evolution of flood management and relief system in Pakistan.
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implementation. But, as the cultural roots of the

subcontinent remain the same along with legal roots, the

implementation and behavioral intention part remain at

certain risk.

4.2.1.1 Criticism

The present flood forecasting method of the FEWS model,

however, has minimal regional scope, and rainfall-runoff

knowledge and downstream routing of the Tarbela and Kabul

rivers are not integrated with the model. The tributaries included

in the FEWS are not determined by the amount and rate of

discharge necessary for reliable flood forecasting (Shrestha et al.,

2019). The FFD also introduces the IFAS established by the

International Center for Water Hazard and Risk Management

(ICHARM) under the Critical Reinforcing of Pakistan’s Flood

Warning and Management Capacity Program and the Japan

Aerospace Exploration Agency (JAXA), with UNESCO funding.

More than thirty-nine (39) districts in Pakistan are protected by

FIGURE 9
Early warning mechanism components (Hussain, 2015).

FIGURE 10
Flood management institutions and their responsibilities developed after (Ali, 2013; Rana et al., 2021).

Frontiers in Environmental Science frontiersin.org11

Manzoor et al. 10.3389/fenvs.2022.1021862

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1021862


flood prediction and early warning services from the IFAS

(Ahmad, 2015; Mustafa et al., 2015).

Disaster management institutions in Pakistan are relatively

new and need time to strengthen their foothold. National disaster

management authority (NDMA) claims a preparedness-oriented

approach, but at the core, the country’s disaster management

system is still operating on a top-down approach. Practically, it is

more relief-focused, and season-based planning is being

implemented. Under the 18th amendment of the constitution

of Pakistan, PDMAs are not legally bound to follow NDMA. As a

result, NDMA just acts as a general policy-defining institution.

Mutual coordination needs to be encouraged to cover potential

oversights. District disaster management authorities are

composed of officials from different local institutions and are

virtually non-existent in the field. Thus, a dedicated DDMA is

needed, which could act as a catalyst in disaster risk reduction

(Rana et al., 2021).

There is also a need for regular technical and institutional

capacity assessments for effective disaster preparedness and

response. Consequently, ad-hoc disaster risk management is

happening in the study areas. More research could be

conducted to identify potential weaknesses in these urban

institutions. There is a need to improve local institutions’

image in front of communities as strong distrust further

complicates flood risk reduction initiatives. Local institutions

and communities need to work together to realize the full

potential of the disaster management cycle and disaster risk

reduction approach (Rana et al., 2021). Flood management

institutions and their responsibilities are shown in Figure 10.

To cope with the situation, there must be a multi-pronged

approach, as suggested there is a strong need for water reservoirs,

which can be fulfilled through water policy. Secondly, the early

warning system and relevant institutions must reach the

grassroots level to cope with the emergency in a better way.

Thirdly, the whole management machinery of the area remains

dependent upon a certain institution, Pakistan Administrative

Services. There is a strong to segregate the departmental

responsibilities and develop new departments ensuring

implementation. Lastly, the citizens must have a civic sense or

understanding of the nature of the information provided to them

in the wake of floods.

In April 2018, Pakistan’s four provincial chief ministers

endorsed the country’s first regional water policy. The

National Water Policy’s goal is to address the growing water

problem and include an overarching policy structure and

recommendations for a robust action plan. The National

Water Policy provides a specific policy structure and

collection of water protection standards based on which the

Provincial Governments will devise their development plans and

water conservation, water improvement, and water management

projects (GoP National Water Policy, 2018).

5 Conclusion

Floods are a frequently occurring phenomenon due to

heavy monsoon rains in Pakistan. The size and magnitude of

the floods that Pakistan has confronted in the last few years

would have been a problem for any nation. Recent severe floods

have shown that there is a lack of adequate cooperation between

flood control agencies, due in part to shortcomings in current

technological capacities, such as warning signals, preparedness

initiatives, disaster response, and systemic flood prevention

measures. This is important to further develop flood

monitoring and alert systems to reduce the damages of

potential floods. Although Pakistan’s flood warning and

detection systems have shown their effectiveness, the

forecasting ability of the network is still weak. At the same

time the institutions, NDMA and PDMA, operate at national

and provincial levels, dispersing the rehabilitation

responsibilities to local bureaucracy rather than establishing

a grassroots-level structure with reference to small cities and

villages. It also makes rehabilitation procedures weak and

ineffective in most areas. Nonetheless, a cohesive response

by the Pakistani community and the combined efforts of all

the international and domestic agencies concerned remained

crucial. Only providing damage reimbursements to flood

victims is not the remedy; we need to get rid of this

problem. Pakistan’s water management also needs to develop

more reservoirs—lakes, and dams as a way to combat floods.

The government should generate and incorporate robust public

awareness initiatives to educate the public on flood risks and

flood preparedness. In conclusion, to achieve effective flood

control, a risk-based proactive strategy is needed.
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