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Abstract- This paper presents a comprehensive analytical review 

of the evolving spatio-temporal patterns of floods and associated 

damages across Pakistan. Understanding these evolving patterns 

is essential for improving flood risk management and minimizing 

avoidable flood-induced damage. Numerous studies have 

investigated different aspects of flood occurrence, flood 

management practices, and their socio-economic impacts. 

However, most have focused on individual flood events or specific 

flood types. Consequently, a holistic assessment of the spatio-

temporal evolution of flood patterns and the associated damages 

under the influences of climate change and anthropogenic 

activities is still required. To address this research gap, an 

extensive literature review was conducted and historical flood data 

was compiled to investigate the long-term evolution of different 

flood types across Pakistan. Heat maps of annual peak discharges 

recorded at major dams, barrages, and hydraulic control points 

were developed to analyze the temporal and spatial evolution of 

flood patterns. The analysis revealed that 13 distinct flood types 

have been reported in Pakistan over the past 75 years, 

encompassing classifications based on physical origin, 

geographical setting, flood onset characteristics, and special 

triggering mechanisms. Among these, riverine, cryospheric, and 

rural floods have been the most persistent flood types, whereas 

urban flooding, Glacial Lake Outburst Floods (GLOFs), and 

pluvial flooding have become frequent in recent decades. The 

historical analysis further indicates that severe flood events with 

exceptionally high peak discharges were more common during the 

period 1970–2000, whereas recent decades have experienced a 

higher frequency of flood events with comparatively lower peak 

magnitudes. The simultaneous occurrence of multiple flood types 

has resulted in compound flooding in 2010, 2020, and 2022 causing 

exceptionally severe impacts across Pakistan. In particular, the 

2022 flood affected more than 33 million people, resulted in the 

loss of approximately 1.16 million livestock, and damaged 

approximately 2.29 million houses, that makes it one of the most 

devastating flood disasters in Pakistan's recorded history. 

Index Terms—Flooding Types, Pakistan, Evolving Flood 

pattern, Flood damages, GLOF, Urban flooding. 

 

 
 

 

I. INTRODUCTION 

loods are among the most destructive natural hazards 

worldwide. Their frequency has increased in recent 

decades, while their impacts on human lives and infrastructure 

have intensified because of rapid urbanization [1]. Between 

1990 and 2022, floods affected approximately 3.2 billion 

people worldwide, resulting in nearly 218,000 fatalities and 

economic losses exceeding US$1.3 trillion [2]. According to 

the World Bank Group (2020) [3], approximately 992 million 

people were exposed to flood hazards in 2010, and this number 

was projected to increase to 1.3 billion by 2050 [4]. However, 

a subsequent study [5] reported that the number of people 

exposed to flood hazards had already exceeded this estimate by 

39%. 

Furthermore, satellite-based analyses have revealed that the 

global flooded land area has increased by 14.2% [2]. Previous 

studies have also reported that flood risk is likely to increase 

under a warmer climate [6]. Although several studies have 

assessed the impacts of flooding on affected populations and 

regions, relatively few have quantified the future increase in 

flood hazards attributable to climate warming [7]. According to 

the Clausius–Clapeyron thermodynamic relationship, the 

atmospheric water-holding capacity increases by 

approximately 6–7% per 1°C increase in air temperature [8], 

[9]. Consequently, a study by [10] suggested that a 2-3°C 
increase in temperature could increase flood-related fatalities 

by 50% or more. 

The Sixth Assessment Report (AR6) of the 

Intergovernmental Panel on Climate Change concluded that 

anthropogenic greenhouse gas (GHG) emissions since the pre-

industrial era have increased the frequency of extreme 

precipitation events, and continued increases in GHG 

concentrations are expected to further intensify global warming 

[11]. The report further projects that, under 1.5°C of global 

warming, both the frequency and intensity of heavy 
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precipitation and flooding are likely to increase across many 

regions of Africa and Asia [11]. 

Flood frequency is increasing worldwide due to combined 

effect of climatic and anthropogenic factors. Globally, floods 

are one of the most destructive natural hazards, causing 

substantial damages in form of lives lost and infrastructure 

destruction. The IPCC Sixth Assessment Report [11] further 

indicates that anthropogenic climate change has intensified the 

global hydrological cycle, increasing the frequency and 

magnitude of heavy precipitation events in many regions. At the 

same time, rapid urbanization, expansion of settlements onto 

floodplains, population growth, old drainage infrastructure, and 

coastal land subsidence have substantially increased flood 

exposure and vulnerability [5]. As a result, flood hazards are no 

longer confined to developing countries but affect both 

developed and developing countries. This shows, floods as a 

global challenge which require adaptive management rather 

than solely structural protection [2].  

In august 2024, Bangladesh faced flash flood which affected 

more than five million people after intense monsoon rainfall. 

This was attributed to global warming and climate change 

which enhanced the precipitation and limitations in early 

warning communication, which collectively intensified disaster 

impacts. Similarly, Austria, and Poland experienced intense 

rainfall exceeding 300 mm in some areas, demonstrating that 
even countries with advanced flood management systems 

remain vulnerable when rainfall exceeds historical design 

assumptions [2]. In Spain, catastrophic floods in the Valencia 

region received more than 250 mm of rainfall within 24 hours. 

Rapid urban development on historical floodplains and 

inadequate drainage infrastructure significantly increased flood 

damages [2]. These international experiences prove that 

modern flood disasters are gradually governed by the 

interaction between changing climate and anthropogenic 

factors including urbanization, floodplain encroachment, and 

infrastructure limitations. Similarly, these drivers are 

increasingly evident across Pakistan, highlighting the need for 

combined flood forecasting and adaptive flood management 

strategies [2], [5], [11] 

A. Flood Risk in Pakistan  

Pakistan is highly vulnerable to flooding because of its 

climatic and hydrological characteristics. Flood events 

primarily occur during the monsoon season (July to 

September). During this season intense monsoon precipitation 

associated with monsoon depressions generates substantial 

runoff throughout the Indus River Basin. On the other hand, the 

winter season (December to February) is characterized by a 

different hydrometeorological regime, influenced by western 

disturbances [12], [13]. 

Pakistan has experienced many severe flood events in recent 

decades, which resulted in substantial human, social, and 

economic losses. Climate change and global warming have 

been globally recognized as the important factors, which is 

contributing to the increased frequency and severity of these 

flood events [14], [12], [13], [15]. 

Hydrological regime of Pakistan has undergone major 

changes associated with climate change. Rising of air 

temperatures, accelerated glacier melt and shifting of 

precipitation patterns, have changed the hydrological processes 

governing river flows across the country. Historical records 

from 1900-2000 shows continuous increase in average annual 

temperature and projections suggesting an additional increase 

of 0.9-1.5°C by 2050. Such variations are expected to intensify 

extreme precipitation events and accelerate glacier melt, 

resulting in rate of flood risk throughout the Indus River Basin. 

According to the Germanwatch Global Climate Risk Index, 

Pakistan ranked among top ten countries which are most 

affected by climate related hazards over the previous two 

decades. During this period, 153 extreme weather events 

resulted in approximately 10,000 fatalities [16], [17], [18]. 

Different governmental organizations have implemented 

structural and nonstructural measures to reduce flood risk. 

These initiatives remained insufficient to efficiently mitigate 

impacts of flood. Consequently, further developments in flood 

forecasting systems are required along with early warning, and 

integrated flood management systems. These steps are essential 

to facilitate timely mitigation measures and minimize flood 

related losses [14]. 

B. Types of Floods in Pakistan 

Due to Pakistan diverse geography, climatic, and 

hydrological conditions Pakistan experiences a wide variety of 

flood types. It is essential to distinguishing among these flood 

types because each type requires specific datasets and 

forecasting methodologies and disaster management strategies. 

A generalized taxonomy of floods is presented in Figure 1. 

Proposed taxonomy classifies floods into four principal 

categories based on (a) water source and physical origin, (b) 

geographical location of occurrence, (c) onset rate and flood 

duration, and (d) structural or triggering mechanisms. 

Based on water source and physical origin, four major flood 

types occur in Pakistan: 

1. Riverine floods: This type occur when river discharges 

exceed the channel conveyance capacity.  

2. Cryospheric floods: This originate from seasonal 

snowmelt and glacier melt within upstream 

catchments.  

3. Pluvial floods: This is the result of intense rainfall, 

causing surface water accumulation and overland 

flow.  

4. Coastal floods:  This flood inundate low lying coastal 

areas along the Arabian Sea coastline.  

Based on occurrence of these floods, they can be further 

classified as urban floods, rural floods, and mountainous/valley 

floods. When classified according to onset rate and flood 
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duration, they may be categorized as flash floods, slow onset 

floods, and cloudburst induced floods. Further, flooding may be 

triggered by mechanisms which includes glacial lake outburst 

floods (GLOFs), artificial dam failures, and debris dam failures. 

Detailed classification of these flood types is presented in 

Figure 1. Overall, 13 distinct flood types have been identified 

in Pakistan. 

Riverine floods in Pakistan typically require several days to 

propagate from the northern catchments to the floodplains of 

Punjab and Sindh before ultimately discharging into the 

Arabian Sea. These floods occur when monsoon driven river 

discharges exceed channel conveyance capacity, causing 

overbank flow and inundation of adjacent floodplains. 

Cryospheric floods include snowmelt- and glacier melt-induced 

flooding, which is primarily associated with the high-mountain 

catchments of the Hindu Kush–Karakoram–Himalaya (HKH) 

region. Seasonal snowmelt and glacier melt increase baseflow 

and can generate significant meltwater surges. 

Pluvial floods, also referred to as surface water floods, occur 

when rainfall intensity exceeds the local infiltration capacity 

and the capacity of stormwater drainage systems, resulting in 

surface inundation even in the absence of river overflow. In 

contrast, coastal floods occur along low-lying coastal areas of 

Sindh and Balochistan because of storm surges, cyclone-

induced wind setup, high tides, and seawater intrusion. Pluvial 

flooding in urban areas is considered as Urban flooding, it has 

emerged as an increasingly significant hazard in Pakistan as a 

consequence of rapid urbanization making cities such as 

Karachi, Lahore, Rawalpindi, and Hyderabad particularly 

vulnerable. Efficient urban flood management requires advance 

rainfall runoff modelling integrated with suitable designed 

storm water drainage systems. 

On the other hand, rural and agricultural floods are classified 

as one whose prolonged water stagnation causes extensive 

waterlogging over low lying agricultural lands. While, 

mountainous and valley floods are fast and high energy events 

confined within steep valleys and narrow catchments, 

producing highly destructive flood surges in regions, for 

example Swat, Chitral, Gilgit-Baltistan, and other northern 

mountainous areas. Unlike slow onset riverine floods, which 

develop gradually, flash floods are intense hydrological events 

that develop rapidly and often within a few hours of intense 

rainfall or sudden flow release provides very limited time of 

warning. Conversely, slow-onset floods evolve over several 

days or even weeks as floodwaters propagate through the lower 

reaches of the river system and remain stored within extensive 

floodplains for prolonged periods. 

Cloudburst floods constitute a distinct subtype of high-

intensity rainfall-induced flooding, generated by highly 

 

Fig. 1. Taxonomy of floods  
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localized, short-duration precipitation events that produce near-

instantaneous runoff, urban inundation and flooding within 

narrow valleys. In glacierized mountain regions, Glacial Lake 

Outburst Floods (GLOFs) represent one of the most destructive 

forms of flash flooding. These events occur when the natural 

dam impounding a glacial lake fails, releasing large volumes of 

water and sediment downstream. Infrastructure failure floods 

occur because of the breach or failure of hydraulic structures, 

including canals, barrages, levees, flood embankments, or 

drainage systems subjected to excessive hydraulic loading. 

Finally, ice jam or debris jam floods are localized backwater or 

sudden release flood events caused by multiple factors, such as 

obstruction of river flow by accumulation of ice, landslide 

debris or sediment deposits at channel constrictions specifically 

in mountainous river systems. 

As summarized in Table I, each flood type shows distinct 

hydrological and geomorphological characteristics which 

makes it necessary to develop hazard specific forecasting 

approaches and relative mitigation strategies for effective flood 

risk management [16], [12]. For example, forecasting for 

GLOFs requires continuous monitoring of glacial lakes in 

conjunction with thermal and remote sensing observations. On 

the other hand, torrential and flash floods are characterized by 

extremely short response times. Necessitating the need for real 

time rainfall observations, high resolution weather forecasts, 
and physically rainfall runoff models to get maximize flood 

warning lead times. Such flood events are predominantly 

reported in Khyber Pakhtunkhwa (KP), Azad Jammu and 

Kashmir (AJK), Balochistan, and the Dera Ghazi Khan (D.G. 

Khan) region of Punjab. 

The documented occurrences of these flood types in Pakistan, 

as reported in previous studies, are summarized in Table 1, 

including riverine (fluvial) floods [19], [20], cryospheric floods 

[21], [22], pluvial floods [23], [24], coastal floods [25], urban 

floods [26], rural floods [27], mountainous floods [28], flash 

floods [29], slow-onset floods [30], cloudburst floods [31], 

Glacial Lake Outburst Floods (GLOFs) [32], infrastructure 

failure floods [33], and ice-jam/debris-jam floods [34]. The 

corresponding hydrological, hydraulic, and geomorphological 

characteristics of each flood type are also presented in Table I. 

Since different flood types are generated by different 

hydrometeorological and geomorphological processes, each 

requires a dedicated approach for flood forecasting, hazard 

assessment, risk evaluation, and management. 

C. Flood Management Institutions in Pakistan 

Flood management in Pakistan is implemented through a 

multi-institutional framework (Fig. 2) involving meteorological 

monitoring, hydrological observations, flood forecasting, 

disaster risk management, and policy coordination. The 

Pakistan Meteorological Department (PMD) and the Water and 

Power Development Authority (WAPDA) are primarily 

responsible for hydro-meteorological observations. 

 

 
Meteorological data generated by the PMD are integrated 

with river discharge records, reservoir water levels, and 

hydrological observations collected by WAPDA, together with 

discharge data received from the Provincial Irrigation 

Departments (PIDs), by the Flood Forecasting Division (FFD) 

[35] in Lahore to generate flood forecasts and issue early flood 

warnings [13]. 

The Federal Flood Commission (FFC) is responsible for 

national level flood management policy, strategic planning, and 

coordination of structural and non-structural flood protection 

measures. In addition, the FFC compiles and publishes annual 

Table I 

Main flood types in Pakistan 

Flood type Operational definition in Pakistan context Ref 

Fluvial 

(Riverine) 

floods 

River discharge exceeds bankfull capacity 

and spills over the floodplain; dominant 
along the Indus River Basin during high 

monsoon flows. 

[19,
20] 

Cryospheric 

(snow and 

glacial melt) 
floods 

Accelerated melting of snowpack and glacier 

ice elevates baseline flows and produces 

meltwater surges in glacier-fed catchments 
such as Hunza and upper Indus tributaries. 

[21,

22] 

Pluvial 
(surface 

water) floods 

Direct inundation caused by rainfall 

accumulation exceeding infiltration and 

drainage capacity, independent of river-

channel overflow. 

[23,

24] 

Coastal floods 

Inundation of low-lying coastal land caused 

by storm surge, cyclonic wind set-up, high 

tides or seawater intrusion along Sindh and 

Baluchistan coasts. 

[25] 

Urban floods 

Waterlogging and inundation in built-up 
areas where impervious surfaces and 

inadequate stormwater drainage intensify 

runoff; recurrently observed in Lahore and 

Karachi. 

[26] 

Rural / 

agricultural 

floods 

Prolonged waterlogging over low-gradient 
farmland that damages crops, rural 

settlements and infrastructure, especially in 

North Sindh and Punjab plains. 

[27] 

Mountainous / 
valley floods 

High-velocity flood flows confined within 

steep valleys and narrow catchments, 
producing destructive surges such as those in 

the Swat River Basin. 

[28] 

Flash floods 

Floods that develop and peak within about 

six hours of rainfall or structural failure, 
leaving little warning time; common in high-

relief Baluchistan and Swat Basin terrain. 

[29] 

Slow-onset 

floods 

Large-scale floods that build gradually over 

days to weeks as floodwater moves through 

the lower river system and remains over 
floodplains for extended periods. 

[30] 

Cloudburst 

floods 

Extremely intense, localized rainfall events, 

often exceeding 100 mm within about an 

hour, producing near-instantaneous flash 

inundation in steep or urbanized catchments. 

[31] 

Glacial Lake 

Outburst 

Floods 

(GLOFs) 

Sudden release of impounded water when an 

ice or moraine dam retaining a glacial lake 

fails; common in the Hindukush-Karakoram 

and Hunza basin. 

[32] 

Infrastructure 

failure floods 

Flooding caused by breach or failure of 
flood-control structures such as canals, 

barrages, levees and embankments under 

excess hydraulic load. 

[33] 

Ice-jam / 

debris jam 

floods 

Localized backwater flooding caused by ice 

blocks, debris or sediment jams obstructing 
flow at narrow channel bottlenecks in 

mountain streams. 

[34] 
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flood reports documenting recorded flood events, peak 

discharges, and the associated human, agricultural, and 

infrastructure damages. 

Flood forecasts and warning bulletins generated by the FFD 

are communicated to the National Disaster Management 

Authority (NDMA), which is responsible for disaster 

preparedness, emergency response, and national level disaster 

coordination. The NDMA, in collaboration with the Provincial 

Disaster Management Authorities (PDMAs) and District 

Disaster Management Authorities (DDMAs), disseminates 

flood warnings, coordinates emergency response operations, 

implements contingency plans, and supports affected 

communities during flood events [13]. 

The effectiveness of this institutional framework depends on 

timely, continuous, and efficient coordination and information 

exchange among all participating agencies. Weaknesses in any 

component of the system, including limitations in data sharing, 

inadequate monitoring coverage, forecasting uncertainties, or 

delays in information transmission, can adversely affect 

operational response and reduce the overall effectiveness of 

flood management efforts [13]. 

.     

 

D. Efficiency of Flood Risk Management System  

Flood risk management comprises multiple interrelated 

components extending beyond pre-flood preparedness, 

including: (i) flood forecasting, (ii) dissemination of early 

warnings, (iii) emergency preparedness, response, and relief 

operations, (iv) post-flood damage assessment, and (v) recovery 

and rehabilitation. Effective flood forecasting relies on the 

accurate assessment of key hydrological and meteorological 

indicators governing flood generation and propagation. These 

indicators typically include rainfall intensity and duration, 

snowmelt contribution, watershed storage conditions, 

catchment characteristics and area, seasonal timing of flood 

events, and watershed runoff response. The availability of 

accurate and timely data for these indicators enables forecasting 

models to reliably predict flood events and issue early warnings 

with sufficient lead time. Conversely, the absence of high-

quality observational data increases forecasting uncertainty and 

reduces the reliability of flood hazard assessments [16]. 

Similarly, the timely dissemination of actionable flood 

warnings to the relevant stakeholders is critical for minimizing 

avoidable losses through prompt emergency response and 

evacuation. Although post-flood damage assessment, recovery, 

and rehabilitation are long-term processes, they provide 

valuable information for reducing future flood risk, particularly 

when damaged infrastructure is reconstructed or upgraded to 

enhance resilience against subsequent flood events. 

Despite continuous improvements, Pakistan's flood 

management framework continues to face several operational 

and technical challenges, including gaps in the 

hydrometeorological monitoring network, limitations in real 

time hydrometeorological data acquisition, difficulties in 

transmitting observations from remote monitoring stations, 

uncertainties in flood forecasting models, inadequate inter 

 

Fig. 2. Flow chart of Flood Management Mechanism 
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agency data sharing and coordination, delays in the 

dissemination of flood warnings, and limitations in emergency 

response capacity. Even though, this institutional framework 

has contributed significantly to reducing flood impacts, flood 

continue to cause major human casualties and extensive 

damage to different sectors. 

Considerable efforts have been undertaken in recent decades 

to strengthen Pakistan's flood risk management system. 

Nevertheless, the available historical records indicate that these 

improvements have not resulted in a corresponding reduction in 

flood-induced damages [12]. In particular, the catastrophic 

flood events of 2010 and 2022 demonstrated that Pakistan's 

existing flood management infrastructure and institutional 

framework remain insufficient to effectively cope with extreme 

and increasingly unpredictable hydrometeorological events 

[15]. 

E.  Research Gap and Study Objective 

Numerous studies have documented flood events and 

assessed the associated flood-induced damages in Pakistan; 

however, the majority have focused on individual flood events, 

a single hydrological year, or flood events that occurred in the 

recent past [36], [37], [38]. Although a limited number of 

studies have undertaken historical analyses of specific flood 

events [29], [39], [40], comprehensive assessments of the 

spatiotemporal evolution of different flood types, their 

changing occurrence patterns, and the associated flood-induced 

damages across Pakistan remain scarce. Accordingly, the 

objective of this study is to identify the different types of 

reported flood events in Pakistan and investigate the historical 

evolution of flood occurrence patterns and the associated flood-

induced damages across the country, considering the potential 

influence of climate change and anthropogenic drivers.  

 

II. MATERIAL AND METHODS 

The flowchart illustrating the adopted methodology is 

presented in Fig. 3. The study encompasses various flood types 

across Pakistan over the period 1950-2024. An extensive search 

of official records was conducted to obtain detailed information 

on flood events that occurred between 2010 and 2024.   

 

A. Literature Search 

The literature relevant to this study was collected through a 

systematic Google Scholar assisted search to identify pertinent 

research articles published by reputable publishers and 

databases, including Springer Nature, Elsevier/Science Direct, 

Wiley, Frontiers, Taylor & Francis, MDPI, and Copernicus. 

The retrieved literature was reviewed to identify flood 

mechanisms, flood types, historical occurrences, and the 

associated reported damages in Pakistan. Furthermore, 

evidence of climate change and anthropogenic influences on 

flooding was examined to identify the key challenges 

associated with flood management. 

B. Data Collection 

Authentic and reliable data on historical peak discharges and 

associated flood damages were compiled from Federal Flood 

Commission (FFC) Annual Flood Reports, Pakistan 

 

Fig. 3. Flowchart of Adopted Methodology  
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Meteorological Department/Flood Forecasting Division 

(PMD/FFD) reports, and the official databases and websites of 

WAPDA, NDMA, PDMA, and the Provincial Irrigation 

Departments (PIDs), including flood peak records and flood 

categorization threshold limits. In addition, relevant UNDP 

reports and officially published datasets from various 

government agencies were used to extract information on: (a) 

the flood monitoring network; (b) flood-category threshold 

limits; (c) station-/reach-wise annual peak discharges and 

historical occurrences of various flood types; and (d) flood-

induced damages.  

C. Data Processing 

  The collected data were screened, verified, and standardized 

prior to analysis. During this process, data obtained from 

multiple sources were cross checked, duplicate records were 

removed, measurement units were harmonized, and missing 

values were coded as N.A. Subsequently, the dataset was 

structured according to the study requirements to identify 

historical peak discharges, design discharge capacities, and 

flood category discharge threshold limits at each regulatory 

station along the major rivers. Furthermore, annual flood-

damage data spanning 1950-2024 were compiled and processed 

to assess flood-induced damages. 

D. Data Analysis and Graphical Plotting 

At each monitoring station, peak discharges are classified 

into five flood categories: low, medium, high, very high, and 

exceptional. This classification was used to evaluate the 

relationship between flood-category threshold limits and the 

corresponding design discharge capacities to identify stations 

where the design capacity has been approached or exceeded by 

specific flood categories. Subsequently, the processed 

discharge data were analyzed and visualized using heat maps to 

illustrate the spatial and temporal variations in peak discharges 

recorded at the major monitoring stations and to identify 

changes in historical flood patterns. The historic floods data 

used in this study were compiled by using official government 

reports (FFC, FFD, PMD) and organized into tabular form prior 

to visualization. Chat GPT was used only as an AI assisted 

coding tool to help the author to convert the prepared tables into 

Python scripts, which were later executed in Google Colab to 

generate multidimensional graphical representations of flood 

patterns along with associated damages. For instance, the 

maximum historical peak discharge at each monitoring station 

was plotted against its year of occurrence. Similarly, the 

temporal occurrences of different flood types were analyzed to 

evaluate the evolution of flood patterns over time. In addition, 

the potential influences of climate change and anthropogenic 

activities on flood occurrence frequency, flood magnitude, and 

time to peak were critically examined in light of the compiled 

datasets and the available literature. Finally, annual records of 

different categories of flood induced damages were analyzed to 

determine the patterns of flood damages across Pakistan.   

E. Data validation, harmonization, and uncertainty treatment 

The used hydrological dataset was compiled from different 

official national sources which includes Pakistan 

Meteorological Department (PMD), Flood Forecasting 

Division reports (FFD), Federal Flood Commission (FFC) 

annual flood reports, and associated agency records from 

WAPDA, PIDs and IRSA as reported in their official flood 

related documentations. The extracted variables were first 

organized before comparison by using graphs because these 

institutes have different method of operations. PMD/FFC 

annual reports were used as a main source for data of maximum 

seasonal inflow and maximum reported discharge values where 

these variables were explicitly tabulated. Where an official 

source reported only “peak discharge” rather than separately 

distinguishing inflow and outflow, the original terminology was 

tried to retained to avoid over interpretation. 

Data validation was carried out using four steps. Firstly, all 

names of river and their station names and units were 

standardized, with discharge values reported uniformly in 

cusecs. Secondly, annual and seasonal maximum values were 

checked against the original PMD and FFC tables, figures and 

report narratives. Third, where values differed among official 

sources, the source closest to the variable definition was 

prioritized; for example, PMD/FFD values were retained for 

inflow or observed peak discharge, while FFC values were 

retained for outflow. Fourth, missing or unavailable values 

were marked as “NR” rather than treated as zero. This 

distinction is important because absence of a reported value 

does not imply absence of flow. 

Some unavoidable limitation was faced by authors when 

datasets from multiple institutions was combined. The datasets 

differ in several parameters like temporal resolution and 

coverage of station and used terminology. Reports from PMD 

focused on observed river peaks during the flood seasons, 

whereas reports from FFC documents several parameters like 

management of flood, reservoir releases and historical 

discharges. Therefore, maximum inflow and maximum outflow 

values should be interpreted as independently reported values. 

Furthermore, historical records may contain uncertainty due to 

overtopping of gauge, instrumentation damage during extreme 

floods, changes in rating curves, manual versus automated data 

collection, incomplete reporting for some stations or years, 

misinterpretation of available data. These uncertainties were 

handled by retaining original source terminology to maximum 

extent and by reporting missing values.  

The reason for using multiple official datasets was because 

no single national institution report provides all the variables 

required for the present comparison. For example, PMD/FFD 

reports provide the most direct source for meteorological 

conditions and observed flood peaks during flood seasons, 

while FFC reports provides barrage discharges, reservoir 

operations and historical flood summaries of Pakistan. In order 

to organize and compile a complete inflow, outflow and 

historical flood dataset multiple official sources were 

necessary. However, the analysis does not assume that all 

sources are directly interchangeable, instead, each source was 

used according as per their reported variable. 
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III. RESULT AND DISCUSSION 

A. Spatial Distribution of Flood Monitoring Stations Across 

Pakistan 

Figure 4 shows paths of the major rivers of Pakistan along 

with locations of discharge monitoring stations, barrages, and 

other hydraulic control structures.  The flow path and spatial 

distribution of monitoring stations indicates the routing length 

of flood wave propagation throughout the Indus River Basin.  

The monitoring stations are along the main stem of the Indus, 

Jhelum, Chenab, Ravi, Sutlej, and Kabul rivers. These stations 

act as critical control points where flood magnitudes are 

monitored and classified to support operational flood 

forecasting and flood management related decision making. 

Accuracy of flood forecasting in Pakistan depends not only on 

availability of catchment rainfall and upstream discharge data 

but also on other factors like reliability of hydrological 

observations, selection and validation of rainfall-runoff and 

runoff routing models. Whereas, effectiveness flood forecast in 

flood management depends on lead time of the forecast. 

However, the discharge forecast lead time is limited to 24 

hours, despite discharge travel time in days in certain river 

reaches [35], which has proven insufficient to prevent avoidable 

damages especially in remote areas. Likewise, effective flood 

management requires a basin wide, integrated operational 

approach rather than making decisions solely on the basis of 

observed or forecasted inflows in an individual river. However, 

flood management authorities have limited operational 

flexibility to regulate storage in the Tarbela and Mangla 

reservoirs to delay and attenuate flood peaks in the Indus and 

Jhelum rivers, respectively. Furthermore, under a system wide 

operational strategy, flood waves from different rivers are 

routed sequentially, wherever feasible, to minimize peak 

synchronization at river confluences. Similarly, the operation of 

the remaining rivers is coordinated in an integrated manner to 

minimize cumulative flood peak amplification throughout the 

river system to the maximum extent practicable. 

Despite these operational measures, historical flood events 

have resulted in significant loss of human life and extensive 

damage to livestock, public infrastructure, and private property  

because of the inherent physical and operational constraints of 

the river system.  

.

 

Generally, it is not feasible to completely prevent flooding 

through structural measures or to eliminate flood induced 

damages under all hydrological conditions. Consequently, 

practical flood management strategies focus on minimizing 

 

Fig. 4. Pakistan River Network and Flood Monitoring Stations (Hydrological Basin of Indus System of Rivers) From The Ministry of Water Resources 

Pakistan (https://mowr.gov.pk/Detail/NTcwZGFlMTctOGNhYy00M2YyLTliMDAtMzU0OGU5YTlmZWZk)  

 

 

  

https://mowr.gov.pk/SiteImage/Misc/files/Hydrological%20Basin%20of%20Indus%20System%20of%20Rivers%20%20(PDF).pdf
https://mowr.gov.pk/Detail/NTcwZGFlMTctOGNhYy00M2YyLTliMDAtMzU0OGU5YTlmZWZk
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avoidable damages through an integrated combination of 

structural and nonstructural measures. Pakistan possesses 

limited operational flexibility through its system of dams and 

barrages (Figure 4) to regulate and attenuate flood peaks, 

however, this regulatory capacity becomes increasingly 

ineffective during extreme flood events. During 

exceptionally large floods, controlled breaching of river 

embankments may become necessary in some cases to 

protect major urban centers and critical hydraulic 

infrastructure. Consequently, greater reliance is placed on 

nonstructural flood management measures to reduce flood 

caused losses. However, the limited availability of up to date 

flood hazard and risk zonation maps for public use, together 

with the relatively short lead time of flood forecasts, has 

constrained the effectiveness of non-structural measures in 

mitigating flood damages in Pakistan. 

B. Categorization of Floods  

The Floods in Pakistan are classified into five categories, low, 

medium, high, very high, and exceptional, based on peak 

discharge magnitude. The discharge thresholds corresponding 

to these flood categories at major barrages and hydraulic control 

points are also presented in Fig. 5. Colored bars illustrate the 

discharge ranges corresponding to six flood categories, whereas 

black diamonds denote the station design capacity. These flood 

category thresholds are compared with the design discharge 

capacities of the respective hydraulic structures. The threshold 

values presented in Figure 5 are used to classify flood severity 

whenever the observed discharge at a control point exceeds the 

corresponding critical discharge limit. 

Decisions related to flood regulation through dams, barrages, 

and other hydraulic control structures are made based on the 

integrated hydrological conditions across the entire river 

system. Moreover, the flood category at each control point is 

evaluated against the corresponding design discharge capacity 

to assess the hydraulic safety and operational performance of 

these structures during high flow events.  

Such evaluations are essential for evaluating flood 

preparedness under climate change driven scenarios, in which 

extreme rainfall events combined with accelerated snow and 

glacier melt may generate inflows approaching or exceeding the 

design capacities of existing hydraulic infrastructure. Under 

such conditions, uncertainties in upstream inflow forecasting 

may further increase the probability of exceeding critical flood 

thresholds [41]. 

 

 

Fig. 5. Official flood threshold classification and design discharge capacity of major gauging stations in Pakistan as per Pakistan Meteorological Department 

(PMD). Values are expressed as discharge (Q) in cusecs and grouped by river basin. K = thousand cusecs; M = million cusecs. 
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The design discharge capacities of the major hydraulic control 

points indicate that the Indus River possesses the highest flow 

conveyance capacity among the major rivers of Pakistan, 

followed by the Chenab and Jhelum rivers. The discharge 

thresholds defining the very high and exceptional flood 

categories generally increase progressively from the upstream 

northern reaches toward the downstream floodplains as the 

river enters the relatively flatter terrain of Sindh. These 

thresholds attain their maximum values at Guddu and Sukkur 

barrages before decreasing slightly further downstream at Kotri 

Barrage (Figure 5). 

C. Historical Analysis of Riverine Floods  

Figure 6 summarizes the historical occurrences of annual 

peak discharges recorded at major dams, barrages, and 

hydraulic control points using a heat map. Heat map is showing 

the annual maximum discharge (Q, cusecs) recorded at major 

gauging stations across the Indus River system and its principal 

tributaries. Cell colors indicate the corresponding flood 

threshold class derived from the Pakistan Meteorological 

Department (PMD) flood classification. Whereas, White cells 

denote years for which no official discharge record was 

available (NR). The figure points out the major flood years by 

illustrating the spatial and temporal distribution of flood 

magnitudes across the river network. It helps in rapid 

identification of years and monitoring locations associated with 

unusually high peak discharges based on the predefined flood 

category thresholds from figure 5. The dataset presented in 

Figure 6 covers the period since 1973 and includes all major 

hydraulic control points located along the principal rivers of 

Pakistan. Progressively lighter colors represent increasingly 

severe flood categories, thereby enabling the identification of 

hydrologically significant flood years affecting multiple river 

reaches simultaneously. In particular, yellow cells denote 

exceptional floods, whereas light green cells represent very 

high floods. 

On the basis of available data, a total of 3, 1, and 3 flood years 

were identified during the 1970s, 1980s, and 1990s, 

respectively. In contrast, all years between 2010 and 2024 are 

represented as flood years in the heat map. Historically, severe 

flood events occurred between 1970 and 2000. In recent years, 

however, the frequency of flood occurrences appears to have 

increased, although most events have been characterized by 

comparatively lower peak magnitudes (Figure 6). Furthermore, 

flood occurrences in the Ravi and Sutlej rivers have declined 

considerably in recent years, except during the 2022 flood 

event, when the Sutlej River experienced a very high flood. In 

contrast, monitoring stations along the Indus, Jhelum, and 

Chenab rivers have recorded more frequent flood events in 

recent years, although most have remained within relatively 

moderate flood categories (Figure 6). 

The maximum inflow and discharge recorded at major 

control points on the rivers for the recent flood of 2020 is given 

as Figure 7a. Blue bars represent in the graph shows PMD/FFD 

maximum seasonal inflow or observed flood peak, while orange 

bars show FFC maximum outflow or reported discharge. River 

stations are grouped in this figure as per major river system. 

“NR” indicates that the corresponding value was not separately 

reported in the consulted official source and should not be 

interpreted as zero flow. Moreover, the maximum inflow and 

maximum outflow represent independently reported seasonal 

maxima and are not necessarily simultaneous observations. 

This figure, to some extent, also represents the impact of 

regulation structure on subsiding flood peaks as per their 

storage capacity. The historical maximum flood discharges 

from the major monitoring stations are presented in Figure 7b. 

The figure compares the maximum recorded peak discharges at 

monitoring stations on the major rivers, grouped according to 

their respective river systems, thereby providing insight into the 

spatial distribution and temporal occurrence of historical flood 

extremes. The analysis of Figure 7b reveals that the year of 

occurrence of the historical maximum flood varies not only 

among control points along the same river but also among 

different river systems. Consequently, the historical maximum 

flood did not occur simultaneously across the major rivers of 

Pakistan. 

For example, the historical maximum flood on the Indus 

River at Tarbela occurred in 2010, whereas the highest recorded 

flood on the Kabul River at Nowshera occurred in 2022. 

Similarly, the maximum flood recorded on the Jhelum River at 

Mangla and the Chenab River at Marala occurred in 1992 and 

2011, respectively. Eastern rivers also show different historical 

flood years, with the maximum flood on the Ravi River at Jassar 

occurring in 1973, while the Sutlej River at Sulemanki 

experienced its historical maximum flood in 1988. These 

observations show historical maximum flood peaks have 

occurred independently across different river systems that 

explains the distinct hydrological and meteorological 

characteristics of their respective catchments. 

As per Figure 7 b, among the upstream monitoring stations, 

the highest historical peak discharge was recorded on the 

Jhelum River at Mangla, with a peak discharge of 1.09 million 

cusecs, followed by the Chenab River at Marala, with a peak 

discharge of 0.969 million cusecs. Although the Indus River is 

the largest river in Pakistan in terms of average discharge, 

maximum recorded peak discharge from Tarbela was 0.604 

million cusecs. However, as the Indus River flows downstream, 

it receives considerable inflows from its major offshoots at 

successive unions, as illustrated in Figure 4, which result in 

progressive development of flood peaks. Consequently, the 

historical maximum peak discharge from Guddu Barrage 

reached approximately 1.2 million cusecs, primarily because of 

the cumulative contributions from the tributaries of the Indus 

River. This downstream amplification of flood peaks increases 

the flood vulnerability of specific river reaches. In particular, 

the Chashma-Taunsa, Taunsa-Guddu, and Guddu-Sukkur 

reaches of the Indus River, as well as the Marala-Rasul reach of 

the Jhelum River, have historically exhibited a comparatively 

higher susceptibility to severe flooding. 



 

 

 

 

D. Historical Analysis of Various Categories of Floods 

Although floods have affected different regions of Pakistan 

almost every year during the past decade, their nature, type, and 

geographical distribution have varied considerably from year to 

year. The historical occurrence of different flood types is 

presented in Figure 8. Based on the proposed classification 

framework, 13 distinct flood types have been reported in 

Pakistan. Considering flood classification based on water 

source and physical origin, all four major flood types, riverine, 

cryospheric, pluvial, and coastal flooding, have been reported 

throughout the study period. Riverine flooding has remained the 

most persistent flood type in Pakistan, followed by cryospheric 

flooding (Figure 8), the frequency of which has increased in 

recent years because of accelerated snowmelt and glacier melt 

[54], [55], [32], [56].  

Riverine flooding is triggered by multiple 

hydrometeorological processes, including intense monsoon 

rainfall, cloudburst events within river catchments, seasonal 

snowmelt, glacier melt, and Glacial Lake Outburst Floods 

(GLOFs) that contribute additional runoff to the river system. 

Depending on the prevailing hydrological conditions, one or 

more of these processes may act simultaneously to generate 

riverine flooding. The resulting runoff generated within the 

catchments is conveyed through the main stems of the Indus, 

Jhelum, Chenab, Kabul, and occasionally the Ravi and Sutlej 

rivers, ultimately producing widespread riverine flooding 

across the floodplains of Punjab and northern Sindh, which are 

reported in [43], [44], [45], [46], [47], [48], [49], [50], [51], 

[52], [53]. 

 
Fig. 6. Historical annual peak discharge at major river gauging stations in Pakistan (1973-2024). (Q = peak discharge (cusecs), M = million cusecs, K = 

thousand cusecs.) 

 



 

 

 

 

As shown in Figure 8, Pluvial flooding has also become 

increasingly frequent during the present century, particularly in 

Sindh and Balochistan [57], [24], [58], [36], [51], [52]. In 

contrast, coastal flooding has remained relatively infrequent 

and has been reported only during a limited number of years 

[59]. 

Considering flood classification based on geographical and 

environmental setting, rural flooding affecting agricultural 

lands has remained a recurring phenomenon throughout the past 

74 years, particularly across the low lying floodplains of Punjab 

and northern Sindh [13], [36], [49], [52], [65], [66], [68], [70], 

[71] as shown in Figure 8. These flood are mainly caused by 

overbank flow from the major rivers. Likewise, mountainous 

and valley floods have occurred intermittently as a consequence 

of rapid runoff generation within steep mountainous 

catchments. However, their frequency appears to have 

increased in recent years [36], [68], [72], [73], [40], [74], [75] 

[66]. [47], possibly because of more intense rainfall events 

and/or accelerated snowmelt  

Urban flooding has emerged as an increasingly significant 

hazard in recent decades. Major cities, including Karachi, 

Lahore, Rawalpindi, and Peshawar, have experienced intense 

summer rainfall events that frequently result in urban flooding 

[13], [49], [60], [61], [24], [39]. [62]. [63]. [64]. [65]. [66] [67]. 

This trend is attributed to the combined effects of rapid 

urbanization, increasing impervious surface coverage, 

inadequate storm water drainage capacity, and the expansion of 

high density urban development. The progressive reduction in 

 
Figure 7a Station wise comparison of maximum seasonal observed inflow and reported peak discharge during the 2020 flood 

season.  

 



 80 

pervious surfaces has limited rainfall infiltration rate. 

Consequently, prolong surface water ponding occurs even after 

rainfall has ceased. Moreover, increasing population has forced 

additional hydraulic loading on the combined sewerage and 

drainage systems which is reducing the available capacity for 

storm water conveyance. The combined influence of these 

factors, together with increasingly intense rainfall events, has 

substantially increased the occurrence and severity of urban 

flooding in major cities across Pakistan.

 

When classified according to flood onset characteristics, all 

three categories, flash floods, slow onset floods, and cloudburst 

floods, have become increasingly frequent in recent decades. 

Rainfall produces different hydrological responses depending 

on regional physiography. Intense rainfall over steep 

mountainous terrain generates flash floods in Khyber 

Pakhtunkhwa (KP), Gilgit-Baltistan (GB), and the Koh-e-

Suleiman mountain range, whereas widespread catchment-

scale rainfall produces slow onset flooding across the plains of 

Punjab and Sindh. Flood waves in the Indus River and its 

tributaries require several days to propagate downstream before 

inundating the lower floodplains through overbank flow. 

Historical records indicate that the frequency of slow onset 

floods has also increased during the past two decades [82], [33], 

[83], [84], [85].  

Flash flood events predominantly affected Khyber 

Pakhtunkhwa (KP), Gilgit-Baltistan (GB), Southern Punjab, 

and Azad Jammu and Kashmir (AJK) [68], [76], [47], [77], 

[37], [78], [66], [79], [80], [81]. The Koh-e-Suleiman mountain 

range contains numerous hill torrents that frequently generate 

destructive flash floods in the Dera Ghazi Khan and Rajanpur 

districts following intense rainfall events. Flash floods are 

generally triggered by high-intensity rainfall associated with 

convective storms or other localized meteorological events and 

 
Fig. 7b. Historical peak discharge recorded at major river gauging stations in Pakistan. Horizontal bars represent the highest recorded peak 

discharge (Q, cusecs) at each gauging station, while labels at the end of each bar indicate the discharge magnitude and the corresponding 

year of occurrence. Stations are grouped according to their respective river basins to facilitate comparison of historical flood magnitudes. Q 

= discharge (cusecs); k = thousand cusecs; M = million cusecs. 
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have become an increasingly recurrent phenomenon in recent 

years. Similarly, cloudburst events have been reported 

intermittently during the past decade as highly localized, high-

intensity rainfall events [86], [38], [87], [88]. 

Since 2019, GLOFs have been reported in six consecutive 

years [65], [74], [75]. Glacial Lake Outburst Floods (GLOFs) 

have predominantly occurred in Gilgit-Baltistan (GB) and the 

northern districts of Khyber Pakhtunkhwa (KP). Accelerated 

glacier melting associated with global warming has increased 

the occurrence of unstable glacial lakes, resulting in more 

frequent GLOF events in recent years. Flooding associated with 

the breach or failure of hydraulic infrastructure, including 

canals, barrages, levees, and flood embankments, has also been 

documented repeatedly over the past decades [49], [65], [89], 

[90], [91], [92], [93], [94]. Likewise, several cases of localized 

backwater flooding caused by ice accumulation, debris, and 

sediment jams obstructing flow in northern mountain streams 

have been reported in recent years [95], [96], [97], [56].  

The years 2010, 2020, and 2022 witnessed an unusual 

combination of multiple flood types affecting different regions 

of Pakistan simultaneously (Figure 8). In particular, the 2022 

flood event represents an exceptional example of compound 

flooding, during which GLOFs affected the northern 

mountainous regions of Gilgit-Baltistan and Khyber 

Pakhtunkhwa, riverine flooding inundated the floodplains of 
Punjab and Sindh, hill torrents generated destructive flooding 

in Dera Ghazi Khan and Rajanpur, urban flooding affected 

Karachi and other major cities, and the failure or breaching of 

several hydraulic structures occurred in Balochistan. Unlike 

previous historical events, during which different types of flood 

occurred independently or with different severity, in the flood 

of 2022 nearly all major flood types occurred simultaneous 

across the country. This compound flooding event indicates a 

potential shift in both the spatial distribution and the 

hydrological behavior of flooding in Pakistan. 

The historical occurrence of the reported Pakistan flood types 

is summarized in Figure 8. This illustrates the progressive 

evolution of different flood types throughout the study period. 

Riverine flood has remained consistently reported flood type 

across Pakistan, except during a few recent years when other 

flood types became increasingly prominent. In most years, 

riverine flooding has also been the principal cause of rural and 

agricultural flooding. Pluvial and cryospheric floods, represent 

next most frequently reported flood categories with respect to 

source, primarily resulting from intense rainfall and 

snowmelt/glacier melt processes, respectively. 

Considering place of occurrence, rural / agricultural floods 

occurred regularly, however urban flooding and flash floods 

became increasingly frequent during the period 2001-2025. The 

reporting of floods with respect to onset speed has been found 

a recent phenomenon in the literature. Since, 2000 many floods 

have been reported in the categories of flash, slown-onset and 

cloudburst floods. Especially, the cloudburst has been reported 

more frequently in last five years. Similarly, either the 

frequency of GLOF, infrastructure failure and ice-jam floods is 

actually increasing or these have observed and reported more 

often since 2010. The combine occurrence of multiple flood 

types produced compound flooding during 2010, 2020, and 

2022. Furthermore, available historical records indicate that 

GLOFs, Infrastructure failure floods, ice-jam floods, cloud 

outburst floods were either absent or extremely limited during 

the previous century. In contrast, during the past decade, 

GLOFs and urban flooding have been reported almost every 

year, this suggests a shift in the flood regime of Pakistan that 

may be associated with climate change and increasing 

anthropogenic influences. 

 

E. Impact of Climate Change on Flooding in Pakistan 

Climate change has reportedly changed the annual mean 

temperature, precipitation patterns, along with glacier melt 

dynamics in Pakistan. Each factor significantly impacts flood 

timing, peak discharge, inundation extent, flood duration, and 

the frequency of flood occurrence. 

 

1) Mean Annual temperature rise impact on flooding 

During the past six decades, the mean annual temperature in 

Pakistan has increased at an average rate of approximately 

0.186°C per decade. This pattern indicates a progressive 

warming of the country's climate, with a more pronounced 

increase observed since 1990. Rising temperatures 

contribute to accelerated glacier melt and increase the 

atmospheric moisture holding capacity. According to the 

IPCC, the atmosphere can hold approximately 7% more 

moisture for every 1°C increase in temperature, thereby 

increasing the potential for more intense precipitation 

events. Collectively, these processes are expected to 

increase flood risk in Pakistan [98]. 

2) Changing Rainfall Pattern in Pakistan 

Long term statistical analyses of annual rainfall records 

indicate an increasing trend in precipitation across Pakistan, 

with an average increase of approximately 11 mm per decade. 

Increased monsoon rainfall has been reported across the 

northern regions of Pakistan, including Gilgit, Skardu, Chilas, 

Islamabad, and Peshawar. Because monsoon precipitation is 

the primary driver of riverine flooding in Pakistan, these 

changing climatic conditions are expected to increase the 

likelihood of future flood events affecting downstream 

communities [98]. Furthermore, previous studies have 

reported an increase in rainfall frequency across many parts 

of Pakistan, with daily precipitation intensities increasing by 

approximately 30 mm day⁻¹ [98]. Although increased rainfall 

during the dry season may have a limited influence on flood 

generation, the intensification of rainfall during the monsoon 

season is likely to substantially increase flood magnitude. 

Therefore, the relationship between changing rainfall patterns 

and flood occurrence warrants further investigation [98].



 

 

 

 
 

  
3) Changing Glacial Melt Pattern in Pakistan 

Accelerated glacier melt, declining snowfall, and rising 

temperatures are altering the hydrological regime of glacier-

fed river systems in Pakistan. A reduction in snowfall days 

has been reported in several northern mountainous regions, 

including Chitral, Murree, Skardu, and Parachinar, resulting 

in reduced seasonal snow accumulation. Increasing 

temperatures, combined with declining snowfall, are 

expected to accelerate glacier melting and increase the 

occurrence of Glacial Lake Outburst Floods (GLOFs) 

through the formation and destabilization of glacial lakes. 

These processes are likely to increase meltwater 

contributions to river flows and consequently augment flood 

runoff during extreme hydrological events [98].  

F. Impact of Anthropogenic Activities on Flooding in 

Pakistan 

In addition to climate change, anthropogenic activities have 

significantly influenced flood characteristics and the associated 

damages in Pakistan. Understanding these anthropogenic 

influences is helpful for evaluating the evolving dynamics of 

flooding, especially in densely populated countries. Due to 

rapid population, there has been increase in demand for 

residential areas and infrastructure. This resulted in accelerated 

urbanization, at the expense of natural ecosystems. Expanding 

developmental activities, like construction of urban settlements, 

and other engineering works within river catchments, have 

contributed to deforestation and degradation of natural 

landscapes. These activities have substantially altered the 

hydrological response of catchments to rainfall by reducing 

infiltration, increasing surface runoff, shortening the time to 

peak discharge, and consequently increasing flood 

susceptibility. 

Similarly, increasing population density has substantially 

expanded the proportion of impervious surfaces in all major 

cities of Pakistan [99]. Existing urban drainage systems, which 

were originally designed for considerably smaller populations 

and lower levels of urbanization, no longer possess adequate 

hydraulic capacity to convey the increased stormwater runoff. 

The progressive reduction in permeable surfaces has further 

limited natural infiltration, while increased domestic water 

consumption has imposed additional hydraulic loading on 

urban drainage networks. Moreover, the rapid vertical 

expansion of major urban centers has significantly increased 

stormwater drainage requirements. The inability of urban 

drainage infrastructure to expand with respect to increasing 

demand has resulted in growing occurrence of urban flooding 

in recent years [39]. 

G. Historical Flood Damages in Pakistan Since 1950 

Although flooding has provided localized benefits in certain 

regions, such as groundwater recharge [100], its adverse 

impacts substantially outweigh these benefits, particularly in 

densely populated countries with limited flood risk 

management capacity. Figure 9 presents the historical flood 

damages at the national scale in Pakistan for the period 1950-

 
Fig. 8. Historical occurrence of documented various types of floods.  Filled cells in the graph indicates year in which a flood type was documented in the 
compiled official reports and literature. Empty cells show that the corresponding flood type was not documented in the reviewed sources for that year. Further, 

it should not be deduced as proof of nonoccurrence. Flood types were classified as per types defined in Figure 1. 
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2024, compiled from the Federal Flood Commission (FFC) 

Annual Flood Reports [42]. 

Flood damages are multidimensional; however, Figure 9 

presents four principal damage indicators: human fatalities, 

inundated area, affected villages, and economic losses. Because 

these variables differ considerably in magnitude and units, the 

heat map uses a graduated color scale ranging from light to dark 

shades, where darker shades represent more severe flood 

impacts. 

During the period 1950-2024, the 1950 flood was the 

deadliest event in terms of human fatalities, with more than 

2,000 reported deaths. Approximately six decades later, the 

2010 flood recorded nearly 2,000 fatalities, while the 2022 

flood became the third deadliest event, resulting in more than 

1,700 fatalities. The 1992 flood also caused approximately 

1,000 deaths. Further, several flood events caused loss of 

hundreds of human lives, demonstrating the persistent severity 

of flood hazards in Pakistan. 

With respect to inundation, the 2010 flood was the most 

widespread, affecting approximately 160,000 km², followed by 

the 2022 flood, during which 85000 Km2 of land was flooded.

 

Where data were unavailable or not reported, the 

corresponding entries are denoted as N.A, indicating gaps in the 

available historical records rather than the absence of flood 

impacts. Although the extent of inundation generally increases 

with flood magnitude, every major flood event inundated 

thousands of acres of land. Interestingly, the 2011 flood 

affected the highest number of villages, despite being relatively 

moderate with respect to inundated area, human fatalities, and 

economic losses. It is noteworthy that the number of affected 

villages exhibits a general correlation with flood severity during 

certain flood years (e.g, 1976, 1978, and 1992), however, this 

relationship is not consistently proportional to the total 

inundated area. The number of affected villages depends not 

only on flood magnitude but also on the geographical 

distribution, spatial extent, and nature of the flood event. The 

highest recorded economic loss occurred during the 2022 flood, 

with an estimated financial damage of approximately US$30 

billion, followed by approximately US$10 billion during the 

2010 flood.   

H. Recent Flood Damages in Pakistan  

A comprehensive summary of the damages associated with 

recent flood events is presented in Figure 10. The figure 

includes nine major damage indicators: human fatalities, 

injured persons, damaged houses, affected villages, affected 

population, inundated area, damaged roads, damaged bridges, 

and livestock losses. Overall, the 2022 flood was the most 

devastating event during the study period, followed by the 2010 

and 2011 floods. The 2022 flood affected more than 33 million 

people, caused the loss of approximately 1.16 million livestock, 

and damaged approximately 2.29 million houses. Comparable 

categories of damage were also reported during the 2010 and 

2011 flood events, although with relatively lower severity, as 

illustrated in Figure 10. Furthermore, since 2010, every 

recorded flood year has resulted in human fatalities, 

highlighting the persistent vulnerability of Pakistan to flood 

related disasters.  

 
Fig. 9. Historical Flood Damages in Pakistan Since 1950. Historical flood damages associated with major flood events in Pakistan 

(1950-2024) from Federal Flood Commission (FFC) report. Cell annotations indicate the reported values for each flood year, 

while color intensity represents the relative magnitude within each indicator (darker shades indicate greater impacts). N.A. 

denotes years for which official data were unavailable. 
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The province- and region-wise flood-related mortalities 

during the period 2010-2024 are presented in Figure 11. The 

heat map provides a comparative visualization of flood-related 

fatalities across the provinces and administrative regions of 

Pakistan. In the annual dataset, the mortality records for the 

Federally Administered Tribal Areas (FATA) and Khyber 

Pakhtunkhwa (KP) are reported separately up to 2018, after 

which FATA was administratively merged with KP, and the 

data are reported accordingly. Similarly, the mortality data for 

the Islamabad Capital Territory (ICT) are presented separately 

up to 2018 and subsequently merged with Punjab in the 

following years to maintain consistency with the available 

official records. 

The compiled data indicate that all provinces and regions 

have experienced distinct mortality patterns because of 

differences in flood type, population density, settlement 

exposure, topography, flood warning lead time, disaster 

preparedness, emergency response capability, and evacuation 

capacity. Khyber Pakhtunkhwa (KP) has recorded the highest 

number of flood-related fatalities, followed by Punjab and 

Sindh. The relatively higher mortality in KP is primarily 

attributed to the presence of numerous districts within 

mountainous catchments that are highly susceptible to flash 

floods, Glacial Lake Outburst Floods (GLOFs), and riverine 

flooding. Additionally, Peshawar has become increasingly 

vulnerable to urban flooding. In Punjab, fatalities related to 

flood have mainly resulted from riverine, torrential, and urban 

flooding. Although Sindh generally experienced comparatively 

fewer fatalities during most flood events, the 2022 flood 

resulted in an exceptionally high mortality, with nearly 800 

reported deaths. In comparison, relatively lower flood 

mortalities have been reported from Balochistan, Gilgit 

Baltistan (GB), and Azad Jammu and Kashmir (AJK) 

throughout the study period [42], [49], [89], [90], [91], [92], 

[101], [102], [103], [104], [105], [106], [107], [108], [109] 

This preliminary research is constrained by: 1) the 

investigations were performed on a limited data set available 

 
Fig. 10. shows the province wise distribution of national flood mortality recorded in Pakistan from 2010 to 2024. Color intensity indicates the relative 

magnitude within each indicator, with darker shades representing greater impacts. M = million; k = thousand; ha = hectares; N.A. = data not available in 

official reports. 
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through public reports from FFC, PMD, NDMA and reported 

research papers leaving the possibility of non-reporting the 

floods whose data was not available as well as interpretation 

errors about the flood types, etc. 2) The possibility of data errors 

could in the source reports could be carried towards this study 

  Therefore, future investigations should involve more 

extensive data set by requiring the data directly from the data 

recording organizations. 

I. Uncertainty associated with historical flood records 

Pakistan historical flood records contain innate uncertainty 

because different agencies observation differ based on time 

period, station networks and different hydrological 

terminologies. Uncertainty may arise due to many reasons, for 

example Kabul River flow at Nowshera exceeded 350,000 

cusecs and that the measuring gauge was believed to have been 

overtopped, so the actual flow was not fully reported. 

PMD/FFD reports provide observed flood peaks and seasonal 

peak summaries, whereas FFC/PIDs/WAPDA/IRSA records 

provide historical discharge, design capacity of stations, and 

classification of flood data. Therefore, these datasets are 

complementary but not fully integrated and interchangeable. 

Missing values were therefore marked as “NR” and were not 

treated as zero. 

 

 

 

IV. CONCLUSIONS AND RECOMMENDATIONS 

1. Floods have affected different regions of Pakistan 

intermittently since 1950; however, their frequency 

has increased noticeably since 2010, most likely 

because of the combined influence of climate change 

and anthropogenic activities.  

 
Fig. 11. Shows the province and region wise distribution of flood mortality recorded in Pakistan from 2010 to 2024. Heat map shows reported number of 

deaths due to floods across Pakistan's provinces and administrative regions. Cell annotations indicate the reported fatalities for each year, while color intensity 
represents the relative mortality within each province year combination (darker shades indicate higher fatalities). KP = Khyber Pakhtunkhwa; Baloch. = 

Balochistan; FATA = Federally Administered Tribal Areas; GB = Gilgit–Baltistan; AJK = Azad Jammu and Kashmir; ICT = Islamabad Capital Territory MA 

= Merged Areas; N.A. = data not reported. 
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2. A total of 13 flood types have been identified in 

Pakistan over the past 75 years, based on four 

classification criteria: water source and physical origin 

(riverine, cryospheric, pluvial, and coastal), 

geographical setting (urban, rural, and 

mountainous/valley), onset characteristics (flash, 

slow-onset, and cloudburst), and special triggering 

mechanisms (Glacial Lake Outburst Floods (GLOFs), 

infrastructure failure floods, and ice-jam/debris-jam 

floods). Among these, riverine and cryospheric floods 

represent the traditional flood types with a long history 

of regular occurrence, whereas the occurrence GLOFs, 

ice-jam/debris-jam floods, and urban flooding has 

increased markedly in recent years.  

3. Pakistan has established an flood regulation and 

monitoring network comprising major reservoirs, 

barrages, and hydraulic control structures along the 

Indus, Jhelum, Chenab, Kabul, Ravi, and Sutlej rivers. 

These hydraulic structures not only assist in the 

attenuation of flood peak to the extent of their 

regulatory capacity but also function as discharge 

monitoring stations, where peak discharges are 

classified into five operational flood categories, low, 

medium, high, very high, and exceptional.  

4. Historical records show severe flood events from 1970 

and 2000, In contrast, recent decades have experienced 

more frequent flood events, although most have 

exhibited comparatively lower peak magnitudes.  

5. Historical maximum peak discharges recorded at the 

main hydraulic control points shows that the 

maximum flood peak did not occur simultaneously 

across all river systems. This reflects the distinct 

hydrological characteristics of individual river 

catchments. The highest peak discharge was recorded 

from the Jhelum River at Mangla, reaching 1.09 

million cusecs in 1992, followed by the Chenab River 

at Marala, with 0.969 million cusecs in 2011. 

Although the Indus River is the largest river in 

Pakistan in terms of average discharge, the maximum 

recorded peak discharge from Tarbela was 0.604 

million cusecs in 2010.  

6. The historical analysis indicates that certain river 

reaches are prone to severe flooding than others. In 

particular, the Taunsa-Guddu and Guddu-Sukkur 

reaches of the Indus River, the Mangla-Rasul reach of 

the Jhelum River, and the Marala-Khanki and Khanki-

Qadirabad reaches of the Chenab River have 

historically experienced comparatively higher flood 

discharges. 

7. Temporal analysis of various flood occurrences 

indicates that riverine, rural floods and mountainous 

/valley floods were the dominant flood types during 

the period 1950-2010. In contrast, Urban flooding, 

Glacial Lake Outburst Floods (GLOFs), Pluvial and 

Flash floods have become increasingly frequent 

during 2010-2025, possibly under the impact of 

climate change. The simultaneous occurrence of 

multiple flood types resulted in pronounced compound 

flooding during 2010, 2020, and 2022. Furthermore, 

reports of GLOFs, Cloudburst, Infrastructure failure 

Floods and Debri-jam Flooding were either not found 

or rarely reported in previous century, whereas these 

flood types have been reported frequently during the 

past decade, indicating a shift in the flood regime of 

Pakistan.  

8. Total four parameters of long-term available record 

(1950-2024) of flood damages are chosen to analyze 

the flood damage including human live lost, inundated 

area, villages effected and financial loss. Since 1950 

till 2024, the flood of 1950, 2010, 2022 and 1992 were 

found most lethal with respect to human live lost 

where casualties range between 1000-2000. 

9. Recent flood damages during the period 2010-2024 

were evaluated in greater detail by including affected 

population, injured persons, damaged houses, 

livestock losses, affected crop area, damaged roads, 

and damaged bridges (excluding variables for which 

data were unavailable). The analysis revealed that the 

flood of 2022, 2010, and 2011 were the most 

devastating during the study period. The 2022 flood 

alone affected more than 33 million people, caused the 

loss of approximately 1.16 million livestock, and 

damaged approximately 2.29 million houses, that 

highlight the need for further research in better flood 

management to reduce avoidable damages considering 

the impacts of increasing urbanization and climate 

change. 

10. Shifting climate patterns necessitates the upgradations 

of flood forecasting models according to requirements 

of local environment, catchment characteristics, type 

of flooding and purpose of forecast. Specially, the 

focus should be on enhancing the forecast lead time.  

11. The early warning systems could benefit from the 

extended lead time forecast, reducing the 

communication delay to the minimum and the 

readiness of the departments involved in relief and 

rescue operations. 

12. Flood management process could leverage from the 

public availability of development / revisions of flood 

risk and vulnerability maps in order to minimize the 

avoidable damage. 
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