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I
n a country that is severely affected by natural hazards and climate change, the 
Afghanistan Multi-Hazard Risk Assessment and the accompanying Afghanistan 
Risk Profile showcase how risk information can be generated in a fragile and 
low capacity context, and how it can be used to inform development efforts 
across sectors to ensure greater resilience and sustainability. 

Afghanistan is highly prone to intense and recurring natural hazards such as 
flooding, earthquakes, avalanches, landslides, and droughts due to its geo-

graphical location and years of environmental degradation, resulting in the fre-
quent loss of lives, livelihoods, and property. Ranked 8th out of 170 countries for 
its vulnerability to climate change over the next 30 years, Afghanistan has a high 
poverty rate, limited coping mechanisms and protective capacity, and reliance on 
flood/ drought prone agricultural land.  All of these factors increase the likelihood 
that when hazard events happen, they turn into disasters with large humanitar-
ian and economic consequences.  It is anticipated that current climate change 
conditions will increase the incidence of extreme weather events, including heat 
waves, floods, and droughts, creating climate-induced disasters such as Glacial 
Lake Outburst Floods, avalanches, and rainfall-induced landslides.

Until now information regarding current and future disaster and climate risk has 
been extremely limited in Afghanistan. Aside from providing essential data and 
information for decision-making, the Multi-Hazard Risk Assessment has enabled 
the Government to mainstream risk information in key economic sectors—includ-
ing Education, Energy, Social Development, Transport, and Urban Development 
—thereby facilitating the integration of risk considerations into development 
planning, public policy, and overall investments. The World Bank has supported 
these mainstreaming efforts through community level activities, pilot projects to 
foster resilience, as well as ongoing training of different agencies on basic prin-
ciples of disaster risk management and the use of the Afghanistan Disaster Risk 
Info GeoNode, an online tool that visualizes the results of the risk assessment.

We believe that this Risk Assessment provides a useful reference for policy mak-
ers to lay the building blocks of effective disaster risk management by 1) provid-
ing an analytical framework for understanding disaster risk, in accordance with 
the Sendai Framework for Disaster Risk Reduction (2015-2030); and 2) identify-
ing opportunities in building resilience across all sectors.

We greatly appreciate the collaboration between the Government of Afghanistan, 
the World Bank Group, and the Global Facility for Disaster Risk Reduction 
(GFDRR), with funding from the Government of Japan, to bring together multi-
disciplinary expertise in support of improved risk information for Afghanistan. 
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T
he impacts of natural hazards are increasing around the world 
due to population growth, urbanization, globalization, and climate 
change-induced changes in extreme weather (UNISDR and CRED, 
2016). Poor and fragile countries are hit hardest by disasters, since 
the population has less ability to respond to and recover from such 
shocks (Hallegatte et al., 2015; Jongman et al., 2015). In addition, 
there is a strong relationship between fragility, conflict, and disas-

ters. On the one hand, disasters caused by natural hazards can result in resource 
scarcity and social grievances, and are shown to significantly increase the risk 
of violent conflicts (Nel and Righarts, 2008; Xu et al., 2016). On the other hand, 
conflict and fragility increases social vulnerability and may therefore intensify di-
saster impacts.

Being both a natural hazard and conflict prone country, Afghanistan is highly 
exposed and vulnerable to disasters, including floods, earthquakes, droughts, 
avalanches, and landslides. An estimated 59 percent of the population is af-
fected by climate shocks, whereas 19 percent suffers security-related shocks 
(The World Bank, 2016), with over 16,000 fatalities from floods and earthquakes 
since 1990. In addition to the impact on the population, natural hazards fre-
quently affect economic sectors and major infrastructure. Prolonged droughts 
strongly affect agricultural production, especially since irrigation infrastructure 
is often lacking. Some of the major road transport corridors, such as the Salang 
Pass connecting Kabul to the northern regions, are closed off on an annual ba-
sis due to avalanches and landslides. Strong earthquakes occur every few years 
around Afghanistan—there have been around 100 damaging earthquakes since 
1900 according to the CATDAT database (Daniell et al., 2011). In 2015, a Mw 7.5 
earthquake in the Hindu Kush mountains caused 117 fatalities and destroyed 
over 7,000 houses (IFRC, 2015).

The effective management of disaster risk is therefore increasingly important to 
support the development and stability of Afghanistan. Over the past decades, 
disaster risk management in Afghanistan has been focused on response (Shroder 
and Shroder, 2014) and recovery (Sadiqi et al., 2017) to events. Recently, the Gov-
ernment of Afghanistan has started working more intensively with development 
partners—including the World Bank, United Nations organizations, and various 
NGOs—on prevention and preparedness activities. This includes construction of 
physical flood, landslide, and avalanche protection measures, as well as the im-
plementation of community-based early warning systems. 

Introduction
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However, the nationwide scale-up of disaster risk man-
agement has been hampered by a lack of consistent na-
tional-level information on hazard, exposure, and risks. 
The approaches that can be used to assess hazards and 
risks are limited by the lack of data, and by security is-
sues preventing field observations and data collection. 
Due to these limitations, limited information is available 
on, for example, rainfall statistics, river levels, and in-
frastructure typologies. There is a general gap in data 
availability between 1980 and 2000, when ongoing 
conflict virtually stopped all data collection. However, 
advancing methodologies using remote sensing infor-
mation and global models offer new opportunities for 
quantitative risk assessment in data-scarce areas (e.g., 
Fraser et al., 2016) and even on a global scale (e.g., 
Ward et al., 2015). 

This is the first comprehensive national-level multi-haz-
ard risk assessment for a fragile country. With funding 
from the Government of Japan and the GFDRR, and in 
close cooperation with the ANDMA, the MRRD, the WRD 
of the MEW, and the MAIL, the World Bank has pro-
duced a comprehensive multi-hazard risk assessment 
at the national level, including in-depth assessments for 
selected geographic areas. The analysis covers flood, 
flash flood, drought, earthquake, snow avalanche, and 
landslide hazards, as well as detailed asset and expo-
sure modelling. The results of this assessment provide a 
nationwide overview of risk and are being used by the 
Government of Afghanistan and its development part-
ners to design local-level risk reduction measures. The 

availability of risk information is key for effective man-
agement of disaster and climate risk. Integrating risk 
information into development planning, public policy, 
and investments and assuring the resilience of new and 
existing reconstruction to natural hazards and climate 
change, is critical to secure both lives and livelihoods. 

This publication describes the applied methods and 
main results of the assessment. Namely, Chapter 1 pro-
vides a risk analysis for both fluvial floods and flash 
floods. The fluvial flood modeling framework consists 
of a hydrological analysis, a hydrodynamic analysis, and 
a flood impact analysis. The flash floods risk analysis is 
based on susceptibility indicators, based on topograph-
ic and land use maps. Chapter 2 is devoted to drought 
risk analysis based on a distributed rainfall-runoff mod-
el and a water-balance model. Chapter 3 analyzes the 
landslide risk. Landslide susceptibility hazard maps are 
obtained from historical inventories of past events com-
bined with the analysis of slope angle, bedrock lithology, 
geomorphological, morphometric, geological, geotech-
nical, hydrogeological, and land use factors. Chapter 4 
includes an assessment of snow avalanche risk based 
on historical avalanche data and numerical modeling of 
the avalanche runout potential and dynamics. Chapter 
5 focuses on the risk of ground shaking caused by seis-
mic activity. The seismic risk analysis is based on histor-
ic earthquake data, a model for zones and faults, and 
numerical modeling combining hazard, exposure, and 
vulnerability to create the risk assessment.
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1.1 Introduction
Fluvial flood risk is developed using a flood modeling framework that consists 
of three components:

 • Hydrological analysis models how much precipitation comes to runoff.

 • Hydrodynamic analysis translates runoff into river flow and inundation, and 
flow over floodplain areas.

 • Flood impact analysis calculates the impacts of a flood to areas with high 
damage potential.

Flash flood risk is calculated deriving susceptibility indicators based on topo-
graphic and land use maps. 

1.2 Brief summary of the approach

1.2.1 Fluvial floods
The EUWATCH meteorological time series is used as the basis for the simu-
lations. It includes rainfall and snowfall data on a 0.5-degree Lat-Long spatial 
scale, and a daily and 3-hourly temporal scale. The workflow is summarized as 
follows: 

1. A hydrological and flood model is used to simulate the hydrological re-
sponse of the river basins to the precipitation input of the EUWATCH series. 
The model dynamically estimates discharge, average water levels in the river 
bed, inundation depths in surrounding floodplains, snow cover accumula-
tion, and snowmelt for the entire country for the time period 1958–2001. 

2. The combined EUWATCH rainfall series and snowmelt series are stochas-
tically extrapolated to several return periods, and simulated with the com-
bined hydrological and flood model.

3. The results for historical and stochastic events were downscaled into high 
resolution flood maps. The simulation results of the stochastic events pro-
vide flood hazard maps for a range of return periods.

Meteorological data of rainfall, snowfall, and evaporation were used to validate, 
calibrate, and downscale the EUWATCH meteorological time series. The hydro-
logical model was validated and calibrated using observations of snow cover 
and stream flow. Figure 1-1 presents the implemented workflow for the fluvial 
flood hazard model.

Figure 1-1 
Workflow for the probabilistic model 
for fluvial floods.
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1.2.2 Flash floods
There are a number of ways to estimate the potential 
hazard of an area to flash floods. Although many hybrid 
systems exist, the following broad subdivision can be 
made based on the type of approach:

1. Flash Flood Potential Index or Flash Flood Suscep-
tibility Index. These indexes are based on a combi-
nation of catchment physiographic factors and soil 
properties (e.g., Smith, 2003, Jacinto et al., 2015).

2. The Flash Flood Guidance System (Stewart, 2007) 
and other systems that use some sort of hydrological 
modelling.

Based on the available information and the scale of the 
project, we used drainage network and soil informa-
tion to derive a Flash Flood Susceptibility Index (FFSI) 
based on catchment physiographic factors and soil 
properties (Jacinto et al., 2015). The FFSI is a number 
between 0 and 1, with 0 meaning no risk and 1 meaning 
high risk. The final maps were classified in five catego-
ries as shown in Table 1-1:

Table 1-1 
Flash Flood Susceptibility Index Categories.

Category Range

No risk 0–0.15

Very low risk 0.15–0.25

Low risk 0.25–0.45

Considerable risk 0.45–0.55

High risk 0.55–1

1.3 Fluvial flood hazard model

1.3.1 Processing of EUWATCH data
For the hydrological modelling, three meteorological 
input variables are needed: precipitation, temperature 
and (potential) evaporation transpiration. These vari-
ables are imported from the EUWATCH dataset. With 
the calibrated model, the entire EUWATCH period 
(1959–2002) was simulated to derive the statistics that 
were needed to generate the stochastic events. 

1.3.2 Hydrological modelling and flood 
modelling

1.3.2.1 The WFLOW hydrological model concept

A WFLOW model was set up to cover all the river basins 

of Afghanistan. The WFLOW-HBV hydrological model 
concept (based on the HBV model concept developed 
by SMH (Linström et al., 1997) was chosen, because this 
model concept had already been successfully applied in 
similar contexts. 

The WFLOW-HBV model is a completely distributed 
conceptual model which includes the following pro-
cesses (see Figure 1-2):

 • Rainfall interception;

 • Snow accumulation and snowmelt  
(not included in Figure 1-2);

 • Soil processes;

 • Unsaturated zone;

 • Saturated zone; and

 • Channel and overland flow modelled with the 
kinematic wave model.  

Figure 1-2
General representation of the distributed WFLOW rainfall 
runoff model.

1.3.2.2 Hydrological model results for risk analysis

The output of the hydrological model was used for sev-
eral risk analyses:

 • The time series of precipitation and simulated snow-
melt over 44 years (1958–2001) was used to derive 
statistics on which stochastic events were based. 
The stochastic events were simulated as well with 
the hydrological model to derive T-year flood maps 
for a range of return periods.

 • The time series of snowpack simulation over 44 
years was used to derive nationwide annual maxi-
mum snow heights. 
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The precipitation and simulated snowmelt results were 
also used as input for the drought risk analysis, whereas 
snowpack simulation results were used as input for the 
avalanche risk analysis.

1.3.3 Climate change impacts on flood 
hazards

For the flood risk assessment in 2050 the future cli-
mate conditions under the Representative Concentra-
tion Pathway RCP6.0 scenario were calculated in a way 
similar to present day impacts. Climate projections for 
2050 were drawn from an ensemble of global climate 
models (GCMs) in accordance with Hempel et al. (2013). 
The climate projections will help determining how pre-
cipitation and snowfall may increase or decrease. 

The hydrological model was also used to simulate 40 
years of synthetic input data from five GCMs, which 
can essentially be considered as five climate scenarios 
for the year 2050. Three GCMs (GFDL, HadGEM, and 
NorESM) indicate an increase in rainfall plus snowmelt, 
and two GCMs indicate a decrease in rainfall plus snow-
melt (IPSL and Miroc). In other words, there does not 
appear to be a clear concept of climate change im-
pacts on the Afghanistan hydrometeorology. In order 
to be conservative, the risk analysis for the year 2050 
was conducted taking a relatively “dry” GCM (IPSL) 
for drought risk analysis and a relatively “wet” GCM 
(NorESM) for flood risk analysis.

1.3.4 Flood map generation
The stochastic events (rainfall plus snowmelt) simulated 
by the hydrological model were downscaled into four 
different higher resolution spatial scales. Combined 
with nine return periods (2, 5, 10, 20, 50, 100, 250, 500 
and 1,000 years), this produced 36 nationwide flood 
mapping simulations. 

1.4 Resulting flood hazards

1.4.1 Fluvial floods
As an example, Figure 1-3 and Figure 1-4 show the flood 
map over the East of Afghanistan, which is a flood-
prone area, for a 5-year and a 100-year return period, 
respectively. The 100-year return period map clearly 
shows much more severe flooding, with both flood ex-
tent and water zdepth much greater than in the 5-year 
map. 

Figure 1-3
5-year return period flood map (combined events of all 
spatial scales).

Figure 1-4
100-year return period flood map (combined events of all 
spatial scales).

1.4.2 Flash flood hazards
The Flash Flood Susceptibility Index (FFSI) calculated 
using the methodology for flash flood hazard suscep-
tibility described in section 1.2.2 is shown in Figure 1-5. 
Figure 1-6 shows the results per district.
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1.5 Flood risk analysis

1.5.1 Objectives of the analysis
The goal of the flood risk analysis is to assess the im-
pacts of the inundation scenarios on exposed assets 
and people. The resulting risk analysis indicates which 
regions and locations within Afghanistan currently suf-
fer the highest (potential) impacts. Also, the quantified 
monetary damages and risk estimates can be used to 
support decisions on measures to reduce flood risks 
and appropriate levels of such investments.

The objectives of the analysis are to assess the follow-
ing impact types for the riverine flood hazard:

 • Quantify the monetary damages;

 • Quantify the number of people affected;

 • Quantify the affected transport lines and number of 
critical infrastructures;

 • Assess the impacts of historic flood events in 
Afghanistan; and

 • Simulate the impacts for selected historic flood 
events.

To this end, we use the data to analyze the exposed as-
sets and population. We assess the flood impacts with 
the Delft-FIAT (Flood Impact Assessment Tool) soft-
ware, which has been applied in various flood risk stud-
ies around the world. 

The results from the flood damage analysis using 
Delft-FIAT includes the assessment of monetary dam-
ages for buildings using a standard flood damage mod-

el that includes stage damage functions and maximum 
damages. Results are available as damage estimates 
per flood return period, and also as expected average 
annual damage. In addition, estimates are made of peo-
ple affected and critical infrastructure, by overlaying 
inundation maps for different return periods with the 
exposed population maps and critical infrastructure lo-
cations. In the following sections the main results from 
the flood impact analysis are discussed.

1.5.2 Flood damages
Flood damages have been calculated for the following 
flood impact categories:

 • Residential buildings;

 • Non-residential buildings (including schools and 
hospitals); and

 • Roads.

The economic exposure layers are turned into flood 
damage maps by creating an overlay with the hazard 
maps and the use of vulnerability functions. Vulnerabil-
ity functions describe a relationship between the flood 
water depth and the percentage of maximum damages 
that will occur at that depth. Figure 1-7 gives a schemat-
ic overview of the damage calculation.

1.5.2.1 Estimated flood damages at the national level

The flood damage estimates for the national level in 
Afghanistan are indicated in Table 1-2. Commercial and 
residential categories make up the majority of expected 
flood damages, 40 percent and 33 percent, respectively 
(see Figure 1-8).

Figure 1-5
FFSI derived for the whole country.

Figure 1-6
FFSI average per administrative unit (districts). 

Note: The values shown are median values per area. The color 
coding is not the same as the high resolution maps.
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Table 1-2 

Annual expected flood loss per damage category.

Main 
category

Damage 
category

Annual expected 
loss (US$/y)

Agriculture

Agriculture 
irrigated 9,567,000

Agriculture rain 
fed 202,000

Residential

Residential clay 
urban 2,263,000

Residential clay 
urban content 747,000

Residential stone 
urban 3,696,000

Residential stone 
urban content 813,000

Residential clay 
rural 3,862,000

Residential clay 
rural content 1,274,000

Residential stone 
rural 3,800,000

Residential stone 
rural content 836,000

Health care
Hospital 650,000

Health center 193,000

Commercial
Commercial 
population 16,903,000

Commercial area 4,251,000

Transport Roads 3,866,000

Total 52,924,000

1.5.3 People affected 
The number of people affected nationwide by flood 
events is estimated using an overlay of the flood inunda-
tion maps for different return periods, and the rural and 
urban population maps for Afghanistan. The number of 
affected people expected annually is over 100,000 per-
sons (Table 1-3).

Table 1-3 
Affected people at different return periods.

Return period (y) Affected people

5 279,000

10 469,000

20 604,000

50 729,000

100 822,000

250 921,000

500 975,000

1,000 1,032,000

Annual expected 110,777

1.5.4 Transport lines and critical 
infrastructure 

The impacts from flooding on the following transport 
lines and critical infrastructures have been analyzed:

Healthcare 2% Healthcare 2%

Agriculture 2%

Commercial 40% Transport 7%

Flood EAD

 • Roads

 • Schools

 • Hospitals

 • Power plants

 • Dams

 • Bridges

 • Airports

Figure 1-8
Relative share of expected flood damages in Afghanistan.

Economic Exposure
Exposure maps maximum damages

Hazard map Damage mapVulnerability Functions

Figure 1-7
Overview of damage calculations in Delft-FIAT.
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For these categories, the number of impacted objects 
(or in the case of roads, the number of kilometers) has 
been estimated. Table 1-4 indicates the number (or 
length) of critical infrastructure that are exposed to the 
once in a 100-year flood in Afghanistan. These numbers 
are indicative only, as there was no complete dataset 
available for these infrastructure types.

Table 1-4
Number of objects exposed to 1:100 year flood.

Object type Number affected

Airports 0

Bridges 416

Dams 8

Healthcare facilities 37

Hospitals 3

Schools 111

Industrial area affected [m2] 6,893,099

People affected 822,000

Power plants 1

Roads affected [km] 2,257

Universities 0

Rural houses 73,190

Urban houses 29,839

1.5.5 Historic flood events and impact 
records

Data has been collected on historical flood events in 
order to describe past events and understand the fre-
quency and impacts of flooding in Afghanistan. This 
supports the risk assessment for Afghanistan in the fol-
lowing instances:

1. To establish the type and frequency of flood events;

2. To establish intensity and size of the events (foot-
prints); and

3. To establish impacts, including loss of life, damages, 
and people affected for single events.

This information can be used for comparison and cali-
bration of the risk assessment.

1.6 Resulting flood risks on the 
national and provincial level

Table 1-5 and Figures 1-9 – 1-12 show, at the national and 
district levels, the economic losses and affected people 
in absolute numbers, as well as in percentages of the 
total population and total capital stock.

Table 1-5 
Economic losses and affected people due to fluvial floods.

Return period
Economic losses 

(million USD)

Economic losses as a 
percentage of total 

capital stock
Affected 
people

Affected people as a 
percentage of total 

population.

Annual average 54 0.12% 101,000 0.37%

5 118 0.26% 279,000 1.03%

10 228 0.51% 469,000 1.73%

20 328 0.73% 604,000 2.23%

50 444 0.98% 729,000 2.69%

100 541 1.20% 822,000 3.03%

250 653 1.45% 921,000 3.40%

500 728 1.62% 975,000 3.60%

1,000 795 1.76% 1,032,000 3.81%
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Figure 1-9
Annual average losses.

Figure 1-10
Annual average population exposed.

Figure 1-11
Annual average losses as a percentage of total stock.

Figure 1-12
Annual average population exposed as a percentage of total 
population.
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1.7 Projection of future  
flood risk

The information from the SSP (Shared Socio-Econom-
ic Pathway) scenarios developed for the Intergovern-
mental Panel on Climate Change (IPCC) is used to 
determine the projections of exposed asset values. 
According to the SSP projections, the flood risk in Af-
ghanistan will increase substantially, as more of the 
population will be exposed to flooding, and more and 
more valuable assets are accumulating. In Figures 1-13 
and 1-14, the expected annual people affected by flood-
ing, and the expected annual damages from flooding 
in Afghanistan until the year 2050 are displayed. Note 
that these figures are based on the future climate sce-
nario simulated by the NorESM GCM (as described in 
section 1.3.3).

1.8 Measures for resilient 
reconstruction and risk 
reduction

1.8.1 Introduction
If the level of flood risk is not acceptable, flood risk re-
duction is necessary. Several measures can be taken to 
reduce flood risks, from measures that focus on load 
reduction (e.g., upstream measures), prevention with 
dikes, reduction of consequences, or compensation 
through insurance; see Figure 1-15 for an overview.

Following the definition of risk as a function of probabil-
ities and consequences of a set of scenarios, two types 
of interventions can be distinguished: those that reduce 
the probability of flooding (prevention) or those that 
reduce the consequences (mitigation). 

Figure 1-15
Schematic overview of several measures to reduce flood risks. Source: Jonkman and Schweckendiek (2015).

Evacuation

Compensation/
insurance

€

Spatial
planning

Dike 
strengthening

300,000 800

250,000
700

200,000
600

150,000

500

100,000

400

50,000

300

200

100P
eo

p
le

 a
ff

ec
te

d
 [

$
/y

r]

D
am

ag
es

 [
$

/y
r]

current currentSSP1 SSP1SSP2 SSP2SSP3 SSP3SSP4 SSP4SSP5 SSP5
0 0

Figure 1-13
SSP projections for the expected number of people affected 
per year by flooding in Afghanistan in the year 2050.

Figure 1-14
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 • Prevention measures reduce the probability of 
flooding. They include reducing the loads on a flood 
defense (e.g., room for rivers or foreshores for wave 
reduction) or increasing the strength of the flood 
defense (dike reinforcement).

 • Mitigation measures reduce the consequences of 
failure of a flood defense. Examples of mitigation 
measures include: adaptation of existing or new 
buildings, the construction of internal compartment 
dikes to limit the flooded area, and emergency and 
evacuation plans. A special category of measures 
concerns insurance or government compensation 
as it will not reduce the damage from flooding, but 
instead leads to compensation or redistribution after 
damage has occurred. 

 • Several frameworks have been developed for 
managing flood risks and evaluating portfolios 
of flood risk reduction measures. Many of these 
frameworks attempt to combine the different risk 
reduction measures and the various actors involved. 
Eventually, all the different interventions can also 
be expressed by means of their contributions to 
the reduction of flooding probability or flooding 

consequences, and thus be evaluated for risk 
reduction and cost-effectiveness. 

 • For example, the “multilayer safety” approach 
(depicted in Figure 1-16) distinguishes prevention as 
a first layer, land use planning as a second layer, and 
emergency management as a third layer.

1.8.2 Types of flood prevention measures
Flood defenses are generally a useful measure to pre-
vent flooding of low-lying areas. A flood defense is a 
hydraulic structure with the primary objective to pro-
vide protection against flooding along the coast, rivers, 
lakes, and other waterways. Different types of flood de-
fenses exist. The most important ones are:

 • A dike (levee) is a water retaining structure consisting 
of soil, with a sufficient elevation and strength to be 
able to retain the water under extreme circumstances.

 • A dam is another type of water retaining structure 
which separates two water bodies. 

 • A flood wall is a water retaining structure which 
generally consists of concrete, and sometimes steel. 
Due to the high horizontal forces on the flood wall, a 
solid foundation is necessary. 

 • Temporary flood defenses are used during periods 
of high water levels to strengthen dikes or other 
vulnerable objects. Examples of temporary flood 
defenses are sandbags, synthetic-bellow barriers, or 
box barriers that are filled with water for the purpose 
of stability, and various types of beams and stop logs.

 • Hydraulic structures, such as sluices, siphons, and 
pumping stations are structures that can also be a 
part of a flood defense system. 

1.9 Flood risk, erosion,  
and cost-benefit analysis  
for focus areas

1.9.1 Introduction on Cost-Benefit Analysis 
A Cost-Benefit Analysis (CBA) on flood risk reduction 
measures is conducted to select the most economi-
cally feasible measures. In a CBA the costs, i.e., the in-
vestments of a set of measures, is compared with the 
reduction in flood damages from the proposed mea-
sures. When benefits outweigh the costs, a flood risk 
reduction measure is deemed economically viable. For 
the examples that are described in this report, we have 
chosen measures that are effective for frequent flood 
events (i.e., those with a relative short return period of 
1 in 20 years), which are associated with less extensive 

Figure 1-16 
The multilayer safety (meerlaagsveiligheid) concept used by 
the Dutch government.
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flooding in order to limit complexity of the designs of 
the flood risk reduction measures. 

The CBA is based on an analysis over a period of 20 
years, and assumes an average economic growth of 7 
percent,1 which is the average economic growth over 
the past 10 years in Afghanistan, as calculated from 
the world development index database from the World 
Bank.2 The result of the cost benefit analysis is present-
ed as the internal rate of return3 (IRR) on investments in 
flood risk reduction, based on initial investments (costs) 
and avoided damages (benefits). Normally a project is 
considered economically viable when the IRR is equal 
or higher to the market interest rate.

In order to conduct a CBA for flood risk reduction mea-
sures, vulnerability, or potential damages from flood 
events with specific return periods, need to be deter-
mined. In the design for flood risk reduction measures, 
the new protection level and resulting reduction in po-
tential flood risk is calculated. Estimates of reductions 
in flood damages are based on the developed hydrolog-
ical and hydraulic flood hazard estimates (see sections 
1.3 and 1.4), and the results from the flood damage FIAT 
model (section 1.5) that have been developed within 
the project. The risk reduction and the investment costs 
and service life of the risk reduction measures are sub-
sequently compared in the CBA. The annual reduction 
in flood risk is discounted over the timeframe of the 
project in order to determine the IRR (see above). When 
IRR reaches a predetermined value a project is deemed 
economically viable. 

1.9.2  Unit costs
Unit costs for specific flood protection designs are com-
monly calculated on the basis of total direct construc-
tion costs based on material cost and labor and adding 
surcharges for specific activities, such as planning, de-
tailed designs, supervision, implementation risks, and 
so on. 

For this study the distinction is made between simple 
and complex construction based on the following char-
acteristics:

 • Simple constructions (small earthworks, small ma-
sonry structures, mass concrete, rural environment)

1 This means that benefits are assumed to increase by 7 percent annually, in pace with economic growth.
2 http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
³ The IRR on an investment or project is the “annualized effective compounded return rate” or rate of return that makes the net 

present value (NPV) of all cash flows (both positive and negative) from a particular investment equal to zero. Equivalently, the 
IRR of an investment is the discount rate at which the net present value of costs (negative cash flows) of the investment equals 
the NPV of the benefits (positive cash flows) of the investment.

 • Complex constructions (gabion structures, rein-
forced concrete structures, large earthworks, urban 
environment)

Besides flood protection measures such as dams and 
dikes, the potential reduction of flood damages through 
adjustments in buildings is assessed. The flood proofing 
of residential buildings is assumed to be done by either:

 • Cement plaster of unfired brick houses; or

 • Construction of a concrete protection wall around 
the dwellings.

The cost-benefit analysis and economic rationale for 
risk reduction measures is illustrated in two study areas:

1. Kabul city flood risk.

2. Amu Darya (Panj Aumur) flood risk.

For these case studies, typical risk reduction measures 
are proposed based on a cost calculation. 

1.9.3  Kabul city case study

1.9.3.1 Model runs for stochastic events

A hydrodynamic model was set up to simulate flooding 
in the Kabul area. Stochastic events were simulated for 
the Kabul and Paghman rivers for return periods of 5, 
10, 20, 50, 100, 250, 500 and 1,000 years. 

The maximum water depth for a 10-year event resulting 
from the model is shown in Figure 1-17. First flooding oc-
curs near the confluence of Kabul and Paghman rivers 
and in the old town located in District 1. 

Figure 1-18 displays the maximum water depth mod-
elled for a 1,000-year event. The flood plain extent is 
much wider compared to the 10-year event; especially 
the area near the confluence of Kabul and Paghman riv-
ers is heavily flooded.

The modelled maximum water depths are input for the 
flood risk analysis for Kabul city. 

1.9.3.2 Impact and flood risk assessment for Kabul

Two options for flood risk management in the Kabul city 
center are evaluated: (i) flood wall strengthening and 

https://en.wikipedia.org/wiki/Net_present_value
https://en.wikipedia.org/wiki/Net_present_value
https://en.wikipedia.org/wiki/Interest_rate
https://en.wikipedia.org/wiki/Net_present_value
https://en.wikipedia.org/wiki/Net_present_value
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Figure 1-17
Maximum water depth for a 10-year event (1 m grid).

Figure 1-18
Maximum water depth for a 1,000-year event (1 m grid).
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(ii) retrofitting of residential buildings through flood 
proofing. The reconstruction cost for buildings was es-
timated to be $160/m2. The maximum damage for com-
mercial property was set to $133/m2. 

The analysis was carried out for three different situa-
tions:
 • S1: Baseline scenario—situation as currently imple-

mented

 • S2: Dike strengthening—increasing the bank level by 
1 meter

 • S3: Retrofitting—Dry-proofing of residential build-
ings in the most affected part of District 1, North of 
Maiwand Street. 

1.9.3.3 Risk reduction measures

Dike strengthening 

The embankment level is set at 1,800.5 meters, which 
is an average of 1 meter above the current level of the 
river bank protection. The model simulations indicate 
a flood defense with that level prevents flooding of 
the old town area up to and including a 50-year event. 
Figure 1-19 and Figure 1-20 show the resulting maxi-
mum water depth for a 10-year event and a 1,000-year 
event. Dike strengthening prevents flooding of the old 
town for the 10-year event (compare Figure 1-19 with 
Figure 1-17), but has a minor effect for the 1,000-year 
event (compare Figure 1-20 with Figure 1-18).

Table 1-6 shows the results of the baseline situation (no 
measures) S1, compared to the outcomes of measures 
for S2 and S3. It can be seen that strategy S2 can lead 
to a significant decrease of flood damages for both res-
idential and commercial buildings. For flood events less 
frequent than 1 in 100 years, the effect of the embank-
ment is limited.

Retrofitting buildings

The reduction in flood losses after retrofitting residen-
tial buildings is less significant for events up to 1 in 100 
years, but still has an effect for floods with lower return 
periods. 

1.9.3.4 Cost estimate for risk reduction measures

Flood wall strengthening 

Increasing the flood retaining wall within Kabul by 0.5–1 
meter over a length of about 600 meters in order to 
avoid a flood event with a 1 in 50 frequency results in a 
total cost including flood wall, concrete, and road work 
of US$398,549. The resulting IRR would be 138 percent, 
indicating a very positive economic return for invest-
ments for flood prevention in Kabul city at this particu-
lar location.

Retrofitting buildings

Flood proofing can be achieved by construction of a 
small concrete/stone wall around a housing compound, 
or plastering of the lower part of residential buildings 
(especially mud brick houses) with water proofed ce-
ment plaster. Both measures are assumed to have simi-
lar costs per protected house. 

The cost-benefit analysis is conducted for all houses 
in Kabul that are exposed to a 1 in 50 years flooding 
area (with a combined surface of 94,234 m2 residential 
houses). Total costs for flood proofing of the residential 
houses are based on the surface of the exposed resi-
dential housing to flooding. 

Implementation of flood proofing results in avoided an-
nual damages of US$341,000. This gives an IRR of 10 
percent. The construction of a flood wall, with an IRR of 
138 percent, indicates the latter is a far better flood risk 
reduction measure. 

S1 S2 S3

RP
Commercial 

buildings
Residential 
buildings

Total
Commercial 

buildings
Residential 
buildings

Total
Commercial 

buildings
Residential 
buildings

Total

5 43 198 241 43 198 241 43 166 209

10 947 3,061 4,008 62 274 336 947 783 1,730

20 1,190 3,816 5,006 109 415 524 1,190 941 2,131

50 1,671 5,172 6,843 379 1,100 1,479 1,671 1,619 3,290

100 2,955 9,685 12,640 1,828 6,146 7,974 2,955 5,750 8,705

250 4,482 14,217 18,699 4,045 12,846 16,891 4,482 9,585 14,967

500 5,679 18,017 23,696 5,304 16,775 22,079 5,679 12,692 18,371

1,000 6,907 21,458 28,365 6,651 20,808 27,459 6,907 15,539 22,446

Table 1-6 
Results of the flood damages for commercial and residential buildings for situations S1, S2, and S3 (all values in $1,000). 



AFGHANISTAN Multi-hazard risk assessment     |  13  |

Figure 1-19
New protection level and maximum water depth for a 10-year event (25 m grid) for measure 1 (M1).

Figure 1-20
New protection level and maximum water depth for a 1,000-year event (25 m grid) for measure 1 (M1).
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Areas

Damages per event ($) EAD [$/y]
RP=5-100

EAD [$/y]
RP=5-50

EAD [$/y]
RP=5-20RP=5 RP=10 RP=20 RP=50 RP=100

Agriculture area Kunduz 1,028,850 1,686,963 2,236,118 2,862,879 3,284,077 341,087 310,353 300,951

Puli Khumri - 647,116 3,168,274 5,306,463 6,578,321 314,286 254,862 222,789

Fayzabad 61,868 620,992 1,142,947 1,602,845 1,929,526 137,090 119,428 112,530

Kabul Flood wall 3,679,495 4,489,711 5,374,769 563,046 536,172 522,896

Kabul Flood proofing 31,547 2,278,480 2,875,115 3,552,912 358,526 340,762 330,595

1.9.4  Panj Amur case study

1.9.4.1 Introduction

In order to gain insight into the possibility and econom-
ic rationale for the construction of flood risk prevention, 
a case study was conducted in the Panj Amur catch-

ment area. Based on the risk maps, several areas with 
significant damages were selected. The areas and the 
geographic representation of the damages are present-
ed in Figure 1-21, Figure 1-22, and Figure 1-23. The esti-
mated actual damages for different return periods and 
consequential values of the expected annual damages 
(EAD) are presented in Table 1-7. 

Figure 1-21  
Study area—Kunduz agricultural area.

Table 1-7
Damages and expected annual damages for different return periods in different case study areas.

1.9.4.2 Cost benefit of risk reduction measures

Kunduz agricultural area

From the flood hazard maps it has been estimated that 
for the protection of the agricultural lands in Kunduz 
(Figure 1-21) approximately 35 km of dike are required. 
Construction of a simple earth dike would cost about 
US$3.2 million. This measure, assuming a protection 
level up to and including the 1 in 20 years flood level, 
would result in benefits of annual reduced damages of 
about US$301,000. The IRR of the reduction in annual 
damages, assuming a lifespan of 20 years of the invest-
ment and economic growth of 7 percent, would be 14 
percent, showing a significant return of the investment 
in flood reduction measures. 
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Puli Khumri

From the map of the Puli Khumri area (Figure 1-22) it 
can be estimated that a protective embankment of 22 
km (2 sides of 11 km each) would be required. Assuming 
that the embankment will require a stone protection, 
the construction costs would be US$990,000.

Assuming a protection level up to and including the 1 in 
20 years flood level, benefits would result in annual re-
duced damages of US$223,000. The IRR of the reduc-
tion in annual damages, assuming a lifespan of 20 years 
of the investment and economic growth of 7 percent, 
would be 29 percent.

Fayzabad

From the map of the Fayazabad area, (Figure 1-23) it 
can be estimated that a protective embankment of 6 
km (2 sides of 3 km each) would be required. As the 
proposed embankment is in an urban environment, it 
is assumed that a more complex construction4 in rein-
forced concrete would be required. Construction costs 
would be US$1.3 million.

4  With a larger surcharge factor.

Assuming a protection level up to and including the  
1 in 20 years flood level, benefits would result in annual 
reduced damages of US$112,500. The IRR of the reduc-
tion in annual damages, assuming a lifespan of 20 years 
of the investment and economic growth of 7 percent, 
would be 12 percent. 

1.9.5 Conclusions from Kabul and Panj Amur 
case studies

From the calculated flood damages and possible solu-
tions for flood prevention measures, it is clear that ur-
ban environments have much higher flood damages. 
Therefore, as a risk reduction option flood prevention 
measures have much higher benefits (through avoided 
damages) in urban areas than in rural areas, including 
a higher internal rate of return (IRR). The case study 
of Kabul indicates that there are substantial damages 
(US$14 million) in a relatively small area (600 m long 
wall flood). Although the total damages in the rural 
Panj Amur cases are similar (around US$9 million) the 
stretches of dike that need reinforcement are longer (up 
to 35 km length). Nevertheless, flood risk reductions 
seem economically feasible in all case studies.

Figure 1-22
Study area—Puli Khumri. 

Figure 1-23
Study area—Fayzabad.
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The study from Kabul shows that prevention measures 
are not required along the full length of the proposed 
embankments, and that flood proofing of houses has a 
much lower IRR than construction of a flood retaining 
wall.

Further recommendations include the following:

 • For any flood prevention projects, detailed informa-
tion on local costs (including transport, labor, etc.) is 
essential to inform the level of protection and type 
of implementation that would be economically jus-
tified.

 • More information on topography, hydraulic charac-
teristics, subsoil, etc. would better determine the re-
quired design of the local flood prevention measures, 
improving the estimates for costs of construction 
and materials.

The results presented above provide an initial basis for 
informed decision making on planning and implement-
ing flood protection measures in Afghanistan, based on 
a financial cost-benefit analysis. A more extended anal-
ysis, including indirect costs because of business inter-
ruption and other co-benefits of flood projection, such 
as prevention of injury, ecological impacts, and so on, 
could allow a social cost benefit analysis. 
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2.1 Approach

2.1.1 Overview
Drought is a sustained and regionally extensive occurrence of below average 
natural water availability. Afghanistan suffered a severe drought from 1998–
2006 and another from 2008–2009 and is battling yet another dry spell with 
serious consequences for food security. We made an overview of reported his-
torical drought losses, based on public domain data such as the EM-DAT disas-
ter database. 

Drought can be classified into three categories or any combination of the three:

 • Meteorological (lack of precipitation);

 • Hydrological (reduced stream flow);

 • Agricultural (low soil moisture).

Identification of drought is not trivial. A lack of precipitation (meteorological 
drought) may not directly result in hydrological drought because of a buffer 
capacity in the system (storage of water in the subsoil, groundwater zone). 
Likewise, hydrological drought may not directly result in water shortage be-
cause of the buffer capacity of reservoirs. A socioeconomic drought impact 
occurs when the available water is not sufficient to meet the demand for water 
supply (domestic, municipal, and industrial), agriculture, hydropower, and en-
vironmental flows. 

The drought risk analysis is based on two models: the distributed rainfall-runoff 
model WFLOW and the water balance model RIBASIM. WFLOW provides the 
necessary input flow series for RIBASIM, which assesses the impacts of me-
teorological and hydrological droughts on water users. We distinguish three 
main user categories: agriculture (crop production), hydropower production, 
and Domestic, Municipal, and Industrial (DMI). Impacts are expressed in terms 
of annual losses relative to average or potential conditions:

Agriculture
Water shortage for 
irrigation (%)

Calculated as the relative difference 
between the volume of water shortage and 
the volume of water demand.

Hydropower
Hydropower production 
losses (%)

Calculated as the relative difference 
between actual hydropower production 
and median production.

DMI
Water shortage for 
public water supply (%)

Calculated as the relative difference 
between the volume of water shortage and 
the volume of water demand.

CHAPTER 2

Drought 
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2.1.2 Water balance model RIBASIM
The RIBASIM water balance model has been designed 
and set up for all of Afghanistan. The model covers all 
known and potential water users and infrastructures. 
Afghanistan is sub-divided into five major river basins 
(Figure 2-1):

1. Endorheic Aral Sea basin, including the Panj and 
Amu Darya rivers;

2. Endorheic Karakum Desert with Harirud and Murgh-
ab rivers;

3. Endorheic Sistan basin with Harut, Farah, Helmand, 
and Ghazni rivers;

4. Indus River basin flowing into the Arabian Sea with 
the Kabul river; and

5. Endorheic Northern basin with Shirin Tagab, Sare 
Pul, Balkh, and Khulm rivers.

For the purpose of the drought risk analysis, we further 
divided these five basins into 105 subbasins or catch-
ments based on the location of infrastructures like riv-
ers, dams, recording stations, and water user intakes. 
For each subbasin we collected data on irrigated ar-
eas and population. Subsequently, a node-link net-
work schematization was designed covering all existing 
known and potential infrastructures and users. The wa-
ter balance was computed for each subbasin over time 
on a half-monthly basis.

2.1.3 Drought hazard analysis
The meteorological and hydrological analyses (drought 
hazard) are based on the same WFLOW model simula-
tion results as in Chapter 1. 

Multiple year historical meteorological (rainfall and 
snowmelt) and hydrological (discharge) time series per 

subbasin were generated. Those series were used for 
the computation of drought hazard indicators and as 
input for RIBASIM. The length of the simulated time pe-
riod is 44 years (1958–2001).

As an indicator for meteorological drought, we used a 
derivative of the Standardized Precipitation Index (SPI) 
(McKee et al. 1993). 

The agricultural water shortages were translated into 
economic damages as follows:

 • In case of a water shortage in percentage of the total 
demand, crop losses were assumed to be the same 
percentage for each crop type. In other words, it was 
assumed a drought event does not result in a change 
in percentages of crop types planted.

 • For each crop a market price was established using 
local expertise and FAOSTAT 2016.

Furthermore, hydropower losses were computed with 
the RIBASIM model and translated to economic losses 
assuming a market price of US$50 per MWh.

2.1.4 Future conditions

The meteorological forcing for future climates as car-
ried out in Chapter 1 resulted in new meteorological and 
hydrological time series, which were used to analyze 
the climate in 2050. Finally, the 2050 climate projec-
tion was combined with the population growth scenario 
SSP4.

The SSP4 scenario provides a growth factor for urban 
population and rural population. In the reference sit-
uation we estimated for each subbasin the urban and 

Figure 2-1 
The five major river basins in Afghanistan.
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Projected DMI surface water demand for 2050 as follows 
from the five population growth scenarios.
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rural population that is connected to public water sup-
ply from surface water. Applying the growth factors re-
sults in an increase of the total population that requires 
a water supply from surface water: from 12,191,434 to 
26,410,673 persons. Figure 2-2 shows how the different 
scenarios translate into different total annual demands 
for public water supply (DMI). The SSP4 scenario results 
in the second largest DMI water demand.

2.2 Data gathering and analysis
Data required for the drought analysis consists of me-
teorological and hydrological time series of catchment 
runoff, monitored river flow, rainfall, open water evapo-
ration and reference crop evapotranspiration, data on 
historical drought losses, water supply infrastructure 
(dams), and water use, especially agriculture and DMI 
water use and hydropower.

2.3 Results

2.3.1 Historical drought losses
Drought in Afghanistan is caused by below normal pre-
cipitation in the winter and early spring season, which 
results in insufficient water stored for use throughout 
the summer season. A dry winter may translate into a 
small snowpack, low reservoir levels, streams that run 

dry, and low water levels in wells. This could cause a 
shortage of safe potable water, shortage of irrigation 
water, diminished quality of rangelands, diminished for-
ests, loss of crop diversity and productivity, and reduc-
tion in livestock. In turn, this may result in food shortage, 
loss of jobs, migration, and other socioeconomic prob-
lems (IWMI, 2004).

Because drought is a slow onset phenomenon with 
long duration and diverse impacts, it is difficult to know 
whether observed losses can be directly assigned to the 
drought. Table 2-1 gives an overview of drought losses 
in Afghanistan from various data sources. A well-known 
drought that affected the whole of Afghanistan occurred 
from 1998–2002. The EM-DAT database only reports 
losses from 2000–2002, but other sources mention 1998 
as the start of a multiyear drought (UNEP, 2009). 

2.3.2  Drought hazards (meteorological)

2.3.2.1 National scale

Figure 2-3 shows a time series of annual precipitation for 
Afghanistan. It also shows the moving average (window 
of two years) and the average over the entire period. It 
follows from this figure that over a period of 40 years 
(1959–1998) three nationwide meteorological droughts 
occurred: 1969–1970, 1982–1985 and 1996–1998. 

Table 2-1
Overview of reported droughts and losses in Afghanistan.

Year Provinces affected

Number 
of people 

affected

Economic 
impact (1,000 

US dollar) Source

1969   48,000 200 EM-DAT database

1971–1973 Central, north-west, north-east, west     EM-DAT database

2000–2002 Kandahar, Helmand, Nimroz, Zabul, 
Uruzgan, Herat, Farah, Badghis, Paktia, 
Khost, Ghazni, Baghlan, Kunduz, Takhar, 
Badakhshan

2,580,000 50 EM-DAT database

2006   1,900,000   EM-DAT database

2008 Kunduz, Balkh, Faryab,Badghis 280,000   EM-DAT database

2011 Balkh, Samangan, Takhar, Sraipul, Heart, 
Badghis, Faryab, Jowzjan, Baghlan, Kun-
duz, Badakshan, Bamiyan, Daikundi, Ghor

1,750,000 142,000 EM-DAT database

Jan 2012 Ghor 714   RAF

May–Jun 2012 Kandahar 1,512   RAF

Jul 2013 Ghor 104,000   HUMRES 2016

Oct 2013–Jun 2014 Badghis, Ghor, Hirat 7,468   RAF

Nov 2014–Feb 2015 Badghis, Hirat 623   RAF
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To obtain insight into the spatial extent of meteorolog-
ical droughts, we calculated for each year how many of 
the 41 catchments (%) had below-average precipitation 
and how many had a precipitation total below the 25th 
percentile (Figure 2-4). The years 1970, 1982, 1985, 1997, 
and 1998 stand out. This corresponds well with the ear-
lier mentioned identified meteorological droughts.

The Asian Development Bank (cited in IWMI 2004) 
states that droughts with a nationwide extent occur on 
average every 20–30 years, local droughts have a re-
occurrence period of three to five years and regional 
droughts recur every nine to eleven years. 

Subbasin scale—historical droughts
A comparison with the drought loss years in the previ-
ous section shows that there is a time lag between me-
teorological drought and drought losses. The reported 
losses in 1971–1973 may have stemmed from the lack of 
precipitation in 1969–1970. Likewise, the reported losses 
in 2000–2002 may stem from the lack of precipitation 
starting in 1996–1998. An explanation for this time-lag 
may be found in over-year storage capacity in reservoirs. 
Another explanation could be that some of the report-
ed losses stem from water shortages from groundwa-
ter wells, in which water levels drop after a few years 
of precipitation deficit, and/or that farmers have some 
financial reserves to survive one or two drought years.

Figure 2-3 
Annual and moving average precipitation over all Afghanistan river basins compared to average precipitation over time.

Figure 2-4 
Fraction of basins where yearly precipitation sums are below average (grey) and below 25th percentile (blue).
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2.3.2.2 Subbasin scale—drought hazard for various 
return periods

A meteorological drought can be quantified as a per-
centage deviation from the median annual precipita-
tion. An example map for a return period of 10 years is 
given in Figure 2-5. It shows that the drought probabili-
ty is highest in the relatively dry South-Western regions 
and lowest in the relatively wet Northern regions. The 
Northern regions receive up to 80 percent of median 
precipitation with a return period of 10 years, and up 
to 60 percent of median precipitation with a return pe-
riod of 100 years. In other words, in these regions pre-
cipitation variability relative to the median is small. The 
dry regions that receive less precipitation on average 
(South-West) have larger precipitation variability rela-
tive to the median and thus a larger probability of mete-
orological drought. In those regions, precipitation is up 
to 50 percent of the median once in 10 years, and may 
reduce to 20 percent of the median once in 100 years. 

Exposure to drought is quantified as the population 
number and percentage of irrigated agriculture on the 
national scale, the basin scale, and the subbasin scale. 

2.3.3  Drought risk

2.3.3.1 Water shortage for DMI for various return periods

The RIBASIM simulation results show that there is only 
a small risk of water shortage for domestic, municipal, 

and industrial use. Note that the analysis only takes into 
account the public water supply from surface water and 
summarizes water availability and demand for the en-
tire subbasin. Shortages may still occur for people with-
in the basin that are not well connected to the surface 
water supply. Furthermore, there can still be a shortage 
of water from other resources such as groundwater.

2.3.3.2 Water shortage for agriculture for various 
return periods

Water shortage is defined in terms of percentage devi-
ation from the water demand. Water shortage for ag-
riculture in each subbasin was calculated for various 
return periods T. Figure 2-6 and Figure 2-7 show the 
resulting maps for T = 10 and T = 1,000. The maps show 
that agricultural drought risk is highest in the Helmand 
basin and lowest in the northeast of the country. Miss-
ing values in the figures are due to the data containing 
too many zero values to fit a frequency curve. Note that 
return periods are calculated for each subbasin individ-
ually, which means that the deficits in the subbasins do 
not necessarily occur simultaneously. 

According to the future climate projections obtained 
using the GCM scenario that was selected for drought 
risk analysis, precipitation will decrease in most subba-
sins. This not only decreases the surface water avail-
ability, but also increases the agricultural demand for 
surface water irrigation. median annual precipitation
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Left panel: median annual precipitation map (mm/year). Right panel: T = 10 annual precipitation map as percentage of the median.
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Figure 2-6
Agricultural drought risk map: water shortage in percentage 
of water demand for T = 10 years. 

Figure 2-7
Agricultural drought risk map: water shortage in percentage 
of water demand for T = 1,000 years.

Figure 2-8
Agricultural drought risk map (expected annual water shortage in percent), for current (left) and future (right) conditions.
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2.3.3.3 Hydropower production for various return 
periods

We simulated hydropower production for the reservoirs 
of Kajaki and Naghlu, and fitted frequency distributions 
on the annual hydropower production results. Table 2-2 
shows the estimated production for various return pe-
riods. For example, one in ten years the Kajaki reservoir 
production is expected to go down to 134 GWh (37 per-
cent of the median), and the Naghlu production to 64 
GWh (31 percent of the median). 

When future climate follows the dryer (IPSL) scenario 
and population is increasing, in 2050 the hydropower 
production is projected to reduce significantly (Table 
2-3). Zero production can then be expected once every 
10 years at Kajaki and once every 20 years at Naghlu.

 
Table 2-2 
Hydropower production for various return periods for two 
reservoirs.

Kajaki Naghlu

T GWh % median GWh % median

10 134 37 64 31

20 43 12 51 25

50 41 11 0 0

100 41 11 0 0

250 41 11 0 0

500 41 11 0 0

1,000 41 11 0 0

Median 359 205

Table 2-3 
Hydropower production for various return periods for two 
reservoirs, under the 2050 scenario.

Kajaki Naghlu

T GWh % median GWh % median

10 0 0 12 12

20 0 0 0 0

50 0 0 0 0

100 0 0 0 0

250 0 0 0 0

500 0 0 0 0

1,000 0 0 0 0

Median 130 98

 
2.3.3.4 Economic losses
Table 2-4 and Figures 2-9 and 2-10 show, on the national 
and provincial levels, the economic losses in absolute 
numbers as well as in percentages of the total capital 
stock.

2.3.3.5 Population affected

Drought impacts on population are more difficult to 
quantify as a water flow deficit in a given area may be 
alleviated by a water flow surplus in a nearby area. In 
other words, human interventions have a major im-
pact on drought risks, and these impacts can only be 
quantified in a detailed analysis. In order to still have 
some indication on droughts and affected populations, 
we applied the following relatively straightforward and 
large-scale approach:

Figure 2-4
Computed damages per return period and the expected Annual Average Losses (AAL).

 Return period  

10 20 50 100 250 500 1,000 AAL

Million USD 2,510 2,725 2,974 3,125 3,261 3,352 3,432 279

Percentage of the total capital stock 5.56% 6.04% 6.59% 6.93% 7.23% 7.43% 7.61% 0.62%
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Figure 2-11
Resulting classes for drought affected population for a return period of 10 years.
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Figure 2-9
Annual average losses for agriculture.
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Figure 2-10
Annual average losses for agriculture as a percentage of 
total stock.
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1. Compute the total annual water flow for each sub-
basin, not including the flow that is generated in up-
stream subbasins;

2. Compute the total annual water flow per province 
and per district by overlaying the subbasins on the 
provinces and districts; and

3. Compute the total water availability per capita by di-
viding the total annual flow by the total number of 
inhabitants. 

Results are presented in terms of five classes, varying 
from severe drought (Class 1) to abundance of water 
(Class 5); see Table 2-5. The class boundaries were mainly 
based on Veldkamp et al. (2016). We added an additional 
class boundary of 50 m3/capita/year, to make a further 
distinction between the severest of drought conditions.

Table 2.5 
Definition of classes to assess drought-affected population.

Class
Lower limit

[m3/capita/year]
Upper limit

[m3/capita/year]

1 0 50
2 50 500
3 500 1,000
4 1,000 1,700
5 1,700 –

The resulting classes were derived for both historical 
years (1959–2002) and for various return periods. Fig-
ure 2-11 and Figure 2-12 show the results for return peri-
ods of 10 years and 100 years. 
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3.1 Introduction
The main output of this chapter is the estimation of landslide susceptibility of 
source areas, namely the likelihood of a landslide originating from an area, for 
the entire country. A more detailed analysis has been conducted for two fo-
cus areas: the Kabul district and the Salang Pass. For the focus areas landslide 
susceptibility was estimated for source, transit, and accumulation areas; the 
landslide expected runout was calculated; and the risk associated with each 
landslide was assessed considering the impacts on structures and infrastruc-
tures, the locations of assets and their vulnerability and socioeconomic value.

The methodology pursued, the data exploited, the accuracy level of the assess-
ment (depending on the availability of suitable data), and the results produced 
are described in the following sections. 

3.2 Approach
The assessment consists of several phases, described below.

Phase 1
Compile a landslides inventory according to the following classifications:

1. Bedrock landslides in slow evolution, including rotational slides, transla-
tional slides, earth flows, and lateral spreading;

2. Bedrock landslides in rapid evolution, including falls and toppling—this 
type of landslide is often induced by earthquakes; and

3. Cover material landslides in rapid evolution, including debris-mud flows.

Each class has different physical characteristics, and as a consequence, a differ-
ent degree of susceptibility, hazard, and risk.

The inventory of historical events has been compiled analyzing first available 
data and maps of Afghanistan, and then data extracted from remote sensing 
imageries and gathered from web searches. 

Phase 2
Evaluate the causes of landslides by GIS procedures, based on the spatial over-
lay of existing/surveyed landslides extracted from the available data.

Phase 3
Identify through statistical analysis two different sets of triggering variables: 

 • Discriminating parameters; and

 • Predisposing factors.

CHAPTER 3

Landslide 
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Discriminating parameters are necessary but not suf-
ficient conditions for the occurrence of a given type of 
landslide. They include:

 • Slope angle in the niche zone before the event; and

 • Bedrock lithology where the rupture surface is im-
posed.

Predisposing factors are geomorphological, morpho-
metric, geological, geotechnical, hydrogeological and 
land use factors, which determine the level of suscepti-
bility of each slope.

Phase 4
Through the GIS overlay of discriminating parameters, 
map and classify the territory into areas (units) charac-
terized by the presence of both discriminating param-
eters. 

Phase 5
Identify through GIS processing the areas characterized 
by a specific combination of discriminating and predis-
posing factors in order to quantify the source areas sus-
ceptibility. 

Phase 6
Compose a susceptibility function.

Phase 7
Produce susceptibility, hazard, and risk maps.

The approach was applied at two different levels of de-
tail (Figure 3-1): nationwide (regional scale) and local 
scale (focus study areas).

At the national scale (the entire territory of Afghanistan) 
it is possible to evaluate only the location and suscep-
tibility of all source areas, i.e., the areas where a land-
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Figure 3-1
Flow diagram for the susceptibility/exposure/risk assessment.
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slide can potentially start. A more detailed local-scale 
approach was adopted to investigate two specific focus 
areas identified as hotspots: the Kabul District and the 
Salang Pass (Figure 31). Risk assessment at the local 
scale accounts for specific geomorphological charac-
teristics, which makes it possible to evaluate transit area 
susceptibility, accumulation area susceptibility, hazard, 
runout, intensity, and risk. Vulnerability and socioeco-
nomic value of exposed assets are also assessed at the 
local scale.

3.3 Data inventory
In order to conduct the analysis,1 the following data 
have been used:

 • Landslide inventory;

 • Digital Terrain Models (DTMs);

 • Slope maps;

 • Slope and curvature profile maps;

 • Geological, lithological, and tectonic maps;

 • Geological faults; and

 • Land cover maps.

3.3.1 Landslide inventory
The landslide inventory is a collection of landslide 
events in Afghanistan including event date, location, 
characteristics, damages, etc. Since no proper inven-
tories were available, it was compiled based on web-
search procedures and visual interpretation of remote 
sensing imagery.

3.3.2  Data analysis
A list of 68 events including damage, possible casual-
ties, and areas affected was retrieved from the United 
Nations Office for the Coordination of Humanitarian Af-
fairs (OCHA).2 Since the coordinates of each point are 
not representative of the precise location of the event, 
the areas around the points were analyzed in order to 
identify the starting/triggering sites of landslide events. 
This analysis has led to the identification of 323 trig-
ger points subdivided as follows: 2 bedrock landslides 
in slow evolution, 216 cover material landslides, and 105 
bedrock landslides in rapid evolution.

1 The methodology used to assess the landslide hazard was developed by ENEA and was tested, during the last decade, in about 
20 sites at different scales in several countries.

2 Source: The Humanitarian Data Exchange (HDX): https://data.humdata.org/organization/ocha-afghanistan? The United Nations 
Office for the Coordination of Humanitarian Affairs (OCHA, http://www.unocha.org/) manages HDX. OCHA is part of the United 
Nations Secretariat.        

Bedrock landslides in slow evolution have lower impacts 
on structures and infrastructures than rapid landslides 
because they allow adaptation to the phenomenon. 
Therefore, in many cases they are not recorded, and only 
two slow evolution landslide events were identified.

3.4 Source area susceptibility 
assessment

For each landslide type, discriminant parameters and 
predisposing factors have been defined. The procedure 
involves a heuristic approach based on previous experi-
ence, literature, similarity, etc., to set the initial values of 
weights/indexes for the various classes of predisposing 
factors (lithology, slope, and land use), and a refinement 
stage where statistical correlations are established be-
tween the past events in the landslide repository and 
the predisposing factors.

For the local scale analysis (Kabul District and Salang 
Pass), a more detailed assessment of susceptibility was 
carried out by using a higher resolution (5 x 5 m) DTM 
and relying on an improved version of the inventory of 
landslide events.

3.5 Transit and accumulation areas 
susceptibility assessment 
(focus areas) 

The first step of the local scale analysis was the spatial 
assessment of source areas and transit area susceptibil-
ity for each typology of landslide. To this end, two zones 
were selected as study areas:

 • Kabul District

 • Salang Pass

To perform the susceptibility assessment, different 
approaches were pursued for each type of landslide 
because the physics of each landslide typology is sub-
stantially different.

https://data.humdata.org/organization/ocha-afghanistan
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3.6 Results

3.6.1 Susceptibility Maps
Susceptibility maps have been produced for each land-
slide type:

1. Maps of bedrock landslides in slow evolution are pre-
sented at the national level in Figure 3-2, for the Ka-
bul District in Figure 3-5, and for the Salang Pass in 
Figure 3-8;

2. Maps of bedrock landslides in rapid evolution are 
presented at the national level in Figure 3-3, for the 
Kabul District in Figure 3-6, and for the Salang Pass 
in Figure 3-9; and

3. Maps of cover material landslides in rapid evolution 
are presented at the national level in Figure 3-4, for 
the Kabul District in Figure 3-7, and for the Salang 
Pass in Figure 3-10. 
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Figure 3-2
Susceptibility map for bedrock landslides in slow evolution (nationwide).
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Figure 3-4
Susceptibility map for cover material landslides in rapid evolution (nationwide).

Figure 3-3
Susceptibility map for bedrock landslides in rapid evolution (nationwide).
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Figure 3-5
Susceptibility map for bedrock landslides in slow evolution (Kabul District).

Figure 3-6
Susceptibility map for bedrock landslides in rapid evolution (Kabul District).
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Figure 3-7
Susceptibility map for cover material landslides in rapid evolution (Kabul District).

Figure 3-8
Susceptibility map for bedrock landslides in slow evolution (Salang Pass).
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Figure 3-9
Susceptibility map for bedrock landslides in rapid evolution (Salang Pass).

Figure 3-10
Susceptibility map for cover material landslides in rapid evolution (Salang Pass).
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3.6.2 Exposure maps: nationwide
At the national level it was not possible to produce land-
slide risk maps for lack of geomorphological information 
to determine transit and accumulation areas, runout, in-
tensity, and mass of the landslide, which are needed to 
determine the impacts and damage to population and 
infrastructure. Instead, a more qualitative analysis was 
conducted to provide hazard exposure information, by 
overlaying the footprint of the landslides with popula-
tion and assets layers. 

In order to evaluate the level of exposure, different as-
sets (population, infrastructures, schools, health facil-
ities, roads, etc.) were considered according to their 
relevance and socioeconomic value. Such an approach 
provides a comprehensive overview of the general ex-
posure at the national level. The available exposure data 
layer for each sector (population, government build-
ings, commercial and residential buildings, agricultural, 
infrastructure, and GDP) are as follows:

 • Agriculture irrigated (extension in m2 and value in 
USD)

 • Agriculture rainfed (extension in m2 and value in 
USD)

 • Clay rural structures (extension in m2 and value in 
USD)

 • Clay urban structures (extension in m2 and value in 
USD)

 • Industrial areas (extension in m2 and value in USD)

 • Residential areas (extension in m2)

 • Nonresidential areas (value in USD)

 • Roads (length in m and value in USD)

 • Roads (classified in four classes according to 
typology)

 • Airports (count)

 • Bridges (count)

 • Dams (count)

 • Health centers and hospitals (count)

 • Power plants (count)

 • Schools and universities (count)

 • Education (classified in four classes by number of 
students)

 • Urban buildings (count)

 • Rural buildings (count)

 • Population (count)

 • Population (classified in four classes by number of 
people)

As an example, the results for two categories of assets 
exposed to landslide hazard, population, and GDP, are 
reported here. The intersection of hazard and exposed 
datasets has been carried out by using the three land-
slide susceptibility maps produced at the national level. 
The datasets of rural, urban, and total population were 
used. Table 3-1 and Table 3-2 provide overviews of the 
total population exposed to landslides at the national 
and provincial levels, respectively. In total, about 8.0 
percent of the Afghanistan population are potentially 
exposed to bedrock landslides in slow evolution events, 
about 0.1 percent to bedrock landslides in rapid evolu-
tion, and about 4.0 percent to cover material landslides 
in rapid evolution.

Table 3-1
Population and relative percentage to the total population exposed to landslide hazard nationwide, for the three landslide types.

Bedrock landslides 
in slow evolution

Bedrock landslides 
in rapid evolution

Cover material landslides 
in rapid evolution

Population exposed 2,125,103 26,259 965,778

Percentage of total population 8.0% 0.1% 4.0%
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Table 3-2
Population exposed to landslide hazard by province, for the three landslide types.

Province
Number of people exposed to 

bedrock landslides  
in slow evolution

Number of people exposed to 
bedrock landslides  
in rapid evolution

Number of people exposed  
to cover material landslides  

in rapid evolution

Badakhshan 167,525 4,441 109,589

Badghis 66,263 573 29,609

Baghlan 104,631 16 81,861

Balkh 51,587 58 17,642

Bamyan 154,532 416 42,132

Daykundi 223,134 59 35,358

Farah 21,121 0 228

Faryab 100,666 681 58,641

Ghazni 48,003 7 10,648

Ghor 203,946 49 42,961

Hilmand 6,634 0 641

Hirat 37,027 0 17,104

Jawzjan 21,572 0 5,589

Kabul 112,067 6,909 51,295

Kandahar 8,752 0 1,629

Kapisa 14,765 0 10,839

Khost 48,398 0 38,074

Kunar 50,808 387 34,787

Kunduz 9,280 2 6,238

Laghman 24,994 583 21,854

Logar 10,768 0 6,345

Nangarhar 61,765 148 32,693

Nimroz 1 0 0

Nuristan 22,960 7,222 23,136

Paktika 15,272 0 10,257

Paktya 74,434 295 53,655

Panjsher 19,113 429 7,473

Parwan 99,831 2,821 45,516

Samangan 58,089 34 29,914

Sar-e-Pul 94,079 1,120 50,652

Takhar 98,104 9 59,122

Uruzgan 18,876 0 6,942

Wardak 70,538 0 22,324

Zabul 5,568 0 1,030
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Figure 3-11 and Figure 3-12 present overview maps of 
population exposed to landslide hazards. It should be 
emphasized that these results are merely qualitative 
and do not give a specific indication of the location 

where a landslide event could occur. These maps should 
be considered as a guide to identify administrative ar-
eas (provinces or districts) potentially, severely affected 
considering their population.

Figure 3-11
Overview maps, depicting population exposed to landslide hazard (bedrock landslides in slow evolution 
[top] and cover material landslides in rapid evolution [bottom]) by province.
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The landslide exposure of assets can be viewed also in 
terms of GDP (US$). It should be noted that there is no 
distinction between assets that are destroyed or dam-
aged within this summary—it is assumed that if there 
is an intersection of the given asset with the assigned 

landslide susceptibility, then the asset requires replace-
ment. Table 3-3 and Table 3-4 provide an overview of 
the total GDP exposed to landslides nationwide, and at 
the province level. Moreover, Figure 3-13 shows the total 
exposed GDP (US$) for each district.

Figure 3-12
Overview maps, depicting population exposed to landslide hazard (bedrock landslides in slow evolution 
[top] and cover material landslides in rapid evolution [bottom]) by district.
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Table 3.3
Total GDP exposed (assets) nationwide.

Bedrock landslides in slow evolution Bedrock landslides in rapid evolution Cover material landslides in rapid evolution

$4,232,212,323 $125,705,141 $2,072,731,037

Table 3.4
Total GDP exposed (assets) by province.

Province Bedrock landslides in  
slow evolution (total GDP US$)

Bedrock landslides in  
rapid evolution (total GDP US$)

Cover material landslides in  
rapid evolution (total GDP US$)

Badakhshan $43,820,653.00 $326,232,038.00

Badghis $172,003,761.00 $3,755,269.00 $87,107,187.00

Baghlan $201,372,436.00 $3,059,763.00 $148,682,313.00

Balkh $102,276,908.00 $1,543,359.00 $41,055,048.00

Bamyan $281,836,574.00 $5,493,782.00 $80,728,076.00

Daykundi $333,278,933.00 $2,683,418.00 $62,043,911.00

Farah $44,207,913.00 $47,047.00 $3,470,926.00

Faryab $219,177,207.00 $6,366,330.00 $118,439,347.00

Ghazni $66,220,706.00 $714,075.00 $15,873,438.00

Ghor $327,678,143.00 $3,190,022.00 $71,551,880.00

Hilmand $20,567,047.00 $25,530.00 $4,565,559.00

Hirat $94,361,232.00 $536,008.00 $57,941,635.00

Jawzjan $41,737,123.00 $360,302.00 $15,267,709.00

Kabul $240,878,510.00 $8,141,415.00 $114,486,930.00

Kandahar $28,079,397.00 $138,328.00 $9,080,667.00

Kapisa $24,169,980.00 $600,391.00 $16,780,495.00

Khost $79,454,047.00 $38,257.00 $56,531,385.00

Kunar $78,183,875.00 $1,439,973.00 $55,868,210.00

Kunduz $59,216,152.00 $331,272.00 $32,392,634.00

Laghman $34,581,852.00 $2,226,951.00 $30,378,873.00

Logar $25,486,156.00 $764,410.00 $17,310,858.00

Nangarhar $120,549,449.00 $3,259,726.00 $72,919,456.00

Nimroz $514,828.00 — $414,387.00

Nuristan $28,874,207.00 $15,858,663.00 $39,954,804.00

Paktika $34,880,849.00 $59,059.00 $19,245,544.00

Paktya $105,301,318.00 $711,683.00 $73,391,091.00

Panjsher $34 170 265.00 $5 996 142.00 $21 488 648.00

Parwan $140 516 148.00 $3 857 310.00 $65 976 174.00

Samangan $139 751 028.00 $3 285 646.00 $65 363 231.00

Sar-e-Pul $210 616 760.00 $4 630 102.00 $103 508 714.00

Takhar $335 540 589.00 $1 553 091.00 $185 112 301.00

Uruzgan $34 391 964.00 $335 663.00 $9 450 861.00

Wardak $114 166 850.00 $829 118.00 $45 042 325.00

Zabul $15 646 957.00 $52 383.00 $5 074 382.00
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Figure 3-13
Overview maps depicting GDP exposed (total assets) to landslide hazard (bedrock landslides in slow 
evolution [top] and cover material landslides in rapid evolution [bottom]) by district.
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Projections to 2050 for landslide risk have been pro-
duced, based on population and GDP growth. Table 3-5 
presents the projected exposed rural, urban, and total 
population, as well as total damage (GDP affected in 
US$) in 2050.

Projections to 2050 were produced under the assump-
tion that landslide hazard does not change with time; 
the only varying parameters were population and GDP, 
according to the Shared Socio-Economic Pathway 
SSP4.

Table 3-5
Projected exposed rural population, urban population, total population and total damage (GDP affected in US$) in 2050

Bedrock landslides in  
slow evolution

Bedrock landslides in  
rapid evolution

Cover material landslides 
in rapid evolution

Rural population exposed in 2050 2,278,775 28,157 1,035,616

Urban population exposed in 2050 2,949,113 36,442 1,340,261

Total population exposed in 2050 5,227,888 64,599 2,375,877

GDP exposed in 2050  $10,834,463,547  $321,805,161  $5,306,191,455 

3.6.3 Risk analysis (focus areas)
Since the damage is often localized in the areas where 
the material transits to or accumulates, risk assessment 
applied to the focus areas includes a geomorphologi-
cal analysis to evaluate susceptibility to transit and ac-
cumulation areas, runout, and intensity. Subsequently, 
vulnerability and socioeconomic value of the exposed 
assets has been assessed. 

The risk associated with each landslide type was as-
sessed by crossing the calculated impact data with the 
locations of assets and their vulnerability and socioeco-
nomic value. The risk was classified according to four 
different levels:3

 • R1: Low risk

 • R2: Moderate risk

3 The four levels of risk correspond to the classification used by the Italian Department of Civil Protection (I-DPC).

 • R3: High risk

 • R4: Very high risk

Risk maps were produced for each focus area, repre-
senting the hazard exposure and the loss of footprint 
layers for each typology of landslide and related to each 
asset considered (those listed in the previous section). 
Figure 3-14 shows risk levels for infrastructures (roads 
and bridges) and facilities (schools, hospitals, etc.) for 
the Kabul District focus area, for cover material land-
slides in rapid evolution. Figure 3-15 shows risk levels 
for the population for the Kabul District focus area for 
cover material landslides in rapid evolution. Figure. 3-16 
shows risk levels for infrastructures (roads and bridges) 
for the Salang Pass focus area for cover material land-
slides in rapid evolution.
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Figure 3-14
Risk levels for infrastructures (roads and bridges) and facilities (schools, hospitals, etc.) for the 
Kabul District focus area (landslide typology: cover material landslides in rapid evolution).

Figure 3-15
Risk levels for the population for the Kabul District focus area (landslide typology: cover material 
landslides in rapid evolution).
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In the high Hindu Kush mountain range of Afghanistan, leading into both the 
Parmir and Himalayas, the threat of snow avalanches, as shown in Figure 4-1 
of the Salang Pass, affects people, settlements, and infrastructure. To gain an 
overview of the avalanche hazards and risks that Afghanistan faces, we per-
formed a detailed avalanche study gathering historic avalanche data and per-
forming numerical modeling of the avalanche runout potential and dynamics 
nationwide. In this chapter, the methodology and data collection techniques 
applied to perform the avalanche hazard and risk assessment, and the results 
are presented. 

4.1 Snow avalanches and general data 
requirements for avalanche modeling

Snow avalanche modeling is performed to produce avalanche hazard maps 
which identify the likely starting and transition zones of avalanches, in partic-
ular the runout areas of avalanche deposits. In addition, dynamic avalanche 
modelling provides the flow properties during runout, such as flow and deposi-
tion heights, avalanche velocities, and impact pressures on objects (buildings, 
infrastructures, etc.). The task involves the analysis of meteorological data and 
snow properties to determine model input parameters. Also involved is the cal-
ibration of the dynamic avalanche model and the necessary boundary condi-
tions that best describe the physical runout behavior of avalanches, based on 
the analysis of recent snow avalanche events in the region. Snow avalanche 
hazard and risk modeling is used to assist with planning land-use, transport 
routes, electricity transmission lines, and other critical infrastructure. It also pro-
vides the necessary input data for the effective designing of buildings, infra-
structure, and protection measures. 

Defining avalanche model parameters is challenging because the flow mechan-
ics of avalanches is governed by release volume, topography, terrain morpholo-
gy, and the snow properties, each of which may change with location and time. 
In principle, three different types of avalanches occur: 

1. Dry snow dense flow avalanches;

2. Wet snow plug flow avalanches; and

3. Powder snow avalanches. 

Their occurrence depends on the snow cover characteristics, topography, and 
morphology of the terrain. The focus of this analysis, as in most large-scale ava-
lanche analysis, is on dry snow avalanches, which nominally reach velocities up 
to 30 meters per second. 

CHAPTER 4

Snow Avalanche 
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Several approaches are available to avalanche modeling, 
each of which requires calibration using past avalanche 
events with a greater or lesser degree of detail. The 
model’s purpose is to link the avalanche starting condi-
tions in the release zone to the runout dynamics in the 
transition zone and the stopping conditions in the depo-
sition zone (Figure 4-2). In this study the RAMMS::AVAL 
model was used (Christen et al., 2012 and 2013). The 
a-b model (McClung and Lied, 1987) is used to a less-
er degree for the hazard analysis and to cross-validate 
the input parameters used in the RAMMS::AVAL model, 
based on past recorded avalanche events. 

4.2 Data inventory and applied 
data

4.2.1  Required and available data for 
avalanche modeling

Snow avalanche hazard modeling requires several dif-
ferent data, such as: 

1. Snow properties and local weather conditions; 

2. Avalanche release area (geometry, morphology, 
etc.);

3. Avalanche transition and runout geometry (historical 
or recent avalanche events);

4. Topography data set; and

5. Avalanche cadaster.

Snow properties and local weather conditions provide 
information on the amount of snow to be released in 
the avalanche starting zone. Of major importance are 
the following:

 • Snow height (total);

 • Freshly fallen snow height (in 24 and 72 hours);

 • Snow profiles; and

 • Wind speed and direction (wind transports snow 
from luv (windward) to lee (leeward) over large dis-
tances and causes additional snow accumulation in 
lee slopes).

Figure 4-1
Salang Pass avalanches of 2010 resulted in 165 fatalities amid 
much destruction of vehicles and infrastructure.

Figure 4-2
Modeling snow avalanches links together: (i) the release conditions in the release zone such as potential snow 
slabs (upper left rectangle); (ii) the flow dynamics in the transition zone such as avalanche velocity, flow depth, 
and pressure; and (iii) the runout distance or path of the avalanche runout zone and the nature of the avalanche 
deposits (e.g., the blue dashed line) which can impact buildings and infrastructure.
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Of some minor importance are the following:

 • Snow density r (kg m-3);

 • Snow water content;

 • Snow temperature; and

 • Air temperature. 

Commonly these data are taken from direct field mea-
surements or automatic weather stations providing 
continuous time series measurements. These measure-
ments should be taken daily over at least a year because 
snow accumulations that result in avalanches are close-
ly coupled with weather and climate. Therefore, only 
daily measurements of the prevailing snow properties 
on an annual basis will give sufficient insight into the 
characteristic avalanche situation for a given location.

vulnerability and avalanche pressure
An avalanche hazard analysis produces maps delin-
eating the runout areas of avalanches. The results in-
clude avalanche pressure. A list of known damages to 
structures due to avalanches, and the corresponding 
pressure in kilo Pascal (kPa) are given in Table 4-1. The 
impact pressure is perpendicular to the flow direction. 

 

Table 4-1
Avalanche impact pressures perpendicular to flow direction 
and respective damages to structures (L. Stoffel and  
S. Margreth, SLF Davos, personal communication 2016).

Impact pressure (kPa) Potential damage

2–4 Breaks windows 

3–6 Pushes in doors, damages 
roofs and walls

10 Damages wood-framed 
structures

20 Destroys wooden houses, 
damages cemented walls

30 Destroys cemented and 
concrete buildings

The above scale was adapted to fit the construction 
standards and methods of Afghanistan. 

4.3 Results, deliverables, and data 
products

4.3.1  Avalanche hazard mapping

The nationwide avalanche hazard mapping was con-
ducted for a 100-year avalanche return period scenar-
io. Figure 4-3 shows the nationwide map of avalanche 
pressures in kilo Pascal (kPa) for Afghanistan. 

Figure 4-3
Avalanche pressure map for Afghanistan.
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As expected, much of the avalanche danger resides in 
high altitude areas. The ratio of avalanche footprint area 
exerting pressures in exceedance of 1 kPa to the district 
area is displayed in Figure 4-4.

The districts that have more than 60 percent of their 
area exposed to a 100-year avalanche return period are 
in the following provinces: 

 • Badakhshan

 • Baghlan

 • Daykundi

 • Kapisa

 • Kunar

 • Laghman

4.3.2 Tabulated record of historical losses
This section presents some of the available avalanche 
historical data recorded in Afghanistan. Figure 4-5 and 
Figure 4-6 are based on the dataset of tabulated ava-
lanche records of historical losses.
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Figure 4-5
Record of deaths, injured people, destroyed houses, and 
damaged houses due to reported snow avalanches in 
Afghanistan from 2009–June 2015.
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Overview of Afghan provinces reported to be affected, including a record of death and injured individuals for provinces caused 
by snow avalanches (2009–2015).
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4.3.3 Hazard, exposure, and risk analyses
The base risk analysis estimates hazard exposure from 
hazard maps, assuming that all snow-covered areas 
pose an avalanche threat. A refined, but less conser-
vative analysis can be conducted, excluding the areas 
that receive insufficient snowfall to generate a 100-year 
snow avalanche event. 

The base analysis defines potential avalanche release 
areas, flow depth, and volume, along with the avalanche 
flow parameters that fit the Afghanistan 100-year ava-
lanche event scenario. A refined risk analysis uses snow 
water equivalent (SWE) data derived from a general 
circulation model, and based on the EU-WATCH ensem-
ble, as an additional parameter to determine the trig-
ger points of avalanches. In the following sections, we 
present the results of risk analysis for avalanche hazard 
exposed assets, divided into four categories: 

 • Population 

 • Buildings and residential areas

 • Infrastructure and industry
 • GDP and replacement costs

4.3.3.1 Population

The datasets of total population, urban population, and 
rural population are considered. Since personal injuries 
and death are commonly a secondary consequence of 
damages to surrounding buildings and infrastructure, 
the minimum impact pressure to represent a potential 
for injury or death was assumed to be 1 kPa for a 100-
year return period.

An overview of the total population exposed to a 100-
year avalanche scenario in Afghanistan is presented in 
Table 4-2. About 8 percent of the population is exposed, 
not accounting for snow depth and the exact location 
of the area footprint of avalanches within each district.

Avalanches affect more of the rural population, both 
proportionally and in absolute terms, with 9.60 percent 
of the rural population exposed, compared to 3.17 per-
cent of the urban population. 

Figure 4-7 shows the frequency of occurrence of the 
minimum snowfall required to generate a 100-year ava-
lanche, which can be used to prioritize the areas more 
likely to be impacted. The frequency of occurrence 
every 100 years was calculated from the SWE values, 
which were obtained modelling a period of 44 years. 

Risk of human loss
Avalanche risk of injury and death is closely coupled 
with building and infrastructure (especially transport in-
frastructure) damage statistics. 

4.3.3.2 Buildings and residential areas 

The number of buildings exposed to avalanches can be 
obtained by coupling the population census with the 
building stock data sets. However, it is not possible with 
a large-scale approach to delineate local hazard zones 
and distinguish between partially damaged and com-
pletely destroyed buildings. In this regard, the figures 
presented here are an indication of the number of build-
ings exposed, not an assessment of which individual 
buildings are exposed. Figure 4-8 maps the number of 
rural buildings exposed per district.

Table 4-2

Overview of total population figures and those exposed to the threat of avalanche nationwide. 

Item value Unit

Total population 27,092,862 Number. of people

Urban population 6,417,209 Number. of people

Rural population 20,678,653 Number. of people

Total population avalanche exposure 2,192,384 Number. of people

Total population percent avalanche exposure 8.09% Percent

Urban population avalanche expos 203,638 Number. of people

Percent of urban population exposed 3.17% Percent

Rural population avalanche exposure 1,988,846 Number. of people

Percent of rural population exposed 9.62% Percent

Death due to snow avalanche (based on historiacl data) 2,700 – 3,500 Possible range in number of people

Injury due to snow avalanche (based on historiacl data) 1,100 – 11,200 Possible range in number of people
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Figure 4-7
Map depicting the provinces that have a record of avalanche events highlighted in orange, and the mapped 
occurrence of SWE values that deliver sufficient snowfall within a year to fulfil the possibility of the 100-year 
avalanche scenario. 

Figure 4-8
Map of the number of rural buildings exposed to the 100-year avalanche hazard scenario footprint per district. 
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Figure 4-9 
Map of the number of urban buildings exposed to the 100-year avalanche hazard scenario footprint per district.  

With respect to the number of urban buildings exposed, 
the distribution of exposure is more scattered and does 
not show the same regional trends seen in rural building 
exposure. Figure 4-9 shows the number of urban build-
ings exposed to the threat of avalanche per district; no 
discernible trend can be extracted. 

Table 4-3 reports the number of buildings exposed and 
the number of houses destroyed or damaged by ava-
lanches, estimated by applying the same ratio obtained 
from historical data.

Table 4-3 
Statistics summary of residential and urban buildings that are exposed to avalanches in Afghanistan. 

Item value Unit

Residential area total 341,747 ha

Rural buildings total 2,698,792 Number of buildings

Urban buildings total 962,839 Number of buildings

Residential area exposed to avalanches 19,374 ha

Residential area exposed to avalanches 5.67% Percent

Rural building exposed to avalanches 248,460 Number of buildings

Rural building exposed to avalanches 9.21% Percent

Urban buildings exposed to avalanches 27,592 Number of buildings

Urban buildings exposed to avalanches 2.87% Percent

Houses destroyed (based on historial data) 61,295 Number of houses

Houses destroyed (based on historial data) % of total exposed 22.89% Percent

Houses damaged (based on historial data) 77,534 Number of houses

Houses damaged (based on historial data) % of total exposed 28.09% Percent
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4.3.3.3 Infrastructure and industry

The hazard exposure of infrastructure and industry has 
also been assessed. If an area is exposed to the ava-
lanche hazard, only the portion of the area that inter-
sects with the avalanche footprint is considered, instead 
of the total area of the asset. 

Table 4-4 provides an overview of the number of as-
sets exposed to avalanches nationwide. Industrial areas  
 
are commonly located in valley bottoms where the best 
transport routes are accessible. Therefore, the avalanche 
hazard exposure for industrial areas is small in compari-
son to all other exposure layers, with only 0.5 percent of 

all industrial areas being exposed to avalanche hazard. 

Of particular interest is the hazard exposure of the road 
network, which is given in Figure 4-10 and Figure 4-11.

Considering the total kilometers of roads exposed, a 
large portion of the exposure resides in the northeast 
mountain regions; some districts in the lower regions 
also have high exposure (Figure 4-10). 

The exposure of roads with respect to the total road 
network length of each district is much higher in the 
mountain regions to the northeast (Figure 4-11).

Item value Unit

Roads total 67,397 km

Roads exposed to avalanches 10,017 km

Roads exposed to avalanches (%) 14.86% Percent

Bridges total 2,180 Number of bridges

Bridges exposed to avalanches 583 Number of bridges

Bridges exposed to avalanches (%) 26.74% Percent

Industrial area total 27,440.61 ha

Industrial exposed to avalanches (3kpa) 138 ha

Industrial exposed to avalanches (%) 0.50% Percent

Power plants total 41 Number of power plants

Power plants exposed to avalanches 20 Number of power plants

Power plants exposed to avalanches (%) 48.78% Percent

Dams total 25 Number of dams

Dams exposed to avalanche 4 Number of dams

Dams exposed to avalanche (%) 16.00% Percent

Airports total 69 Number of airports

Airports exposed to avalanche 2 Number of airports

Airports exposed to avalanche (%) 2.90% Percent

Health centers total 1,465 Number of health centers

Health centers exposed to avalanche 322 Number of health centers

Health centers exposed to avalanche (%) 21.98% Percent

Universities total 19 Number of universities

Universities exposed to avalanche 3 Number of universities

Universities exposed to avalanche (%) 15.79% Percent

Schools total 3,588 Number of schools

Schools exposed to avalanche 665 Number of schools

Schools exposed to avalanche (%) 18.53% Percent

Table 4-4

Statistics for Afghanistan national admin level 0 for infrastructure and industrial areas exposed to avalanches.
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Figure 4-11
Avalanche hazard exposure of all roads in Afghanistan displayed as the percentage of roads exposed, with 
respect to the total roads of each district. 
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Figure 4-10
Avalanche hazard exposure of the roads in Afghanistan displayed as total kilometers exposed in each district. 
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4.3.3.4 GDP and cost of replacement (USD) exposed 
to avalanche hazard

The avalanche exposure of assets can be viewed in 
terms of GDP (USD). In Table 4-5, we present the ex-
posed total GDP and the replacement cost of assets in 
USD. No distinction is made between assets that are 
destroyed or damaged; in other words we assume that 
if a given asset is impacted above the avalanche vulner-
ability pressure then it needs to be replaced. Table 4-5 

provides an overview of all assets exposed to avalanch-
es that have been either destroyed or damaged to the 
point of requiring replacement.

The avalanche pressure does not usually cause struc-
tural damage to the roads, but only to ancillary road 
assets, such as roadside barriers and traffic signs. Thus, 
the exposed value for roads does not necessarily reflect 
the actual costs of any damages to structural elements 
of the roads.

Item value Unit

Rural clay total 3,339,275,039 USD $

Rural clay exposed to avalanches 261,372,738 USD $

Rural clay exposed to avalanches 7.83% Percent

Urban clay total 1,862,628,350 USD $

Urban clay exposed to avalanches 58,675,671 USD $

Urban clay exposed to avalanches 3.15% Percent

Rural stone total 6,317,675,608 USD $

Rural stone exposed to avalanches 562,808,351 USD $

Rural stone exposed to avalanches 8.91% Percent

Urban stone total 1,294,384,430 USD $

Urban stone exposed to avalanches 31,003,442 USD $

Urban stone exposed to avalanches 2.40% Percent

Non-residential total 17,292,667,795 USD $

Non-residential exposed to avalanches 1,397,419,167 USD $

Non-residential exposed to avalanches 8.08% Percent

Industrial area total 8,506.587.743 USD $

Industrial area exposed to avalanches (3kpa) 42,686,590 USD $

Industrial area exposed to avalanches (3kpa) 0.50% Percent

Roads total 8,263.103.992 USD $

Non-residential exposed to avalanches 1,727,324,885 USD $

Non-residential exposed to avalanches 20.90% Percent

Health centers total 175,800,000 USD $

Health centersl exposed to avalanches 38,646,000 USD $

Health centers exposed to avalanches 21.98% Percent

Hospital total 28,500,000 USD $

Hospitals exposed to avalanches 1,800,000 USD $

Hospitals exposed to avalanches 6,32% Percent

GDP total 20,600,000,000 USD $

GDP exposed to avalanches 1,667,000,000 USD $

GDP exposed to avalanches 8.09% Percent

Table 4-5
GDP (USD $) of assets exposed to avalanche damage vulnerability pressures deemed to cause sufficient damage to warrant 
replacement.
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Figure 4-13
Overview map of the percentage of avalanche-exposed GDP with respect to the total GDP for a given district of 
Afghanistan. 

Figure 4-12
Overview map of the avalanche exposure of total GDP (in USD) given in millions for each district of Afghanistan.
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Figure 4-12 shows the total exposed GDP (in USD) in 
millions for each of the districts in Afghanistan. The 
highest exposure is to the northeast and to the west. 
The spike around Kabul is likely the result of the high 
number of urban buildings in a district with large expo-
sure (within the conservative scenario which does not 
account for SWE).

The proportion of a district’s GDP exposed to avalanch-
es is shown in Figure 4-13. Note that in this case, the 
trend of higher avalanche exposure for northeastern 
mountain regions becomes clearer, and the spike of ex-
posure observed for Kabul disappears.   

4.3.4 Avalanche protection
Many different types of avalanche protection are avail-
able to reduce vulnerability of communities living 
in mountainous areas. The avalanche protection ap-
proaches can be categorized into two types: 

Short-term measures deal with an immediate avalanche 
threat, often relying upon avalanche bulletins and 
weather forecasts. Such measures can be: 

1. Avalanche warning services

2. Evacuation of settlements 

3. Road closures 

4. Artificial avalanche releases

Long-term measures provide protection on a more per-
manent basis. The approach can be broken down into: 

1. Preventive measures designed at preventing ava-
lanche formation:

 • Avalanche barrier construction (snow fences and 
nets) 

 • Wind deflection fences to reduce snow drift and 
snow accumulation 

 • Reforestation and civil-cultural measures

2. Passive measures such as land use planning based 
on avalanche hazard mapping

3. Active measures designed to stop or deflect the av-
alanche flow: 

 • Earth/concrete dams 

 • Concrete galleries to protect roads and tunnel 
portholes 

 • Tunnels 

Eight avalanche protection measures, with a brief de-
scription of their application, are presented below. 

Snow supporting structures 
Snow supporting structures are active permanent pro-
tection measures designed to prevent the initiation or 
limit the extent of avalanches by increasing the capabil-
ity of a slope to hold back snow (Figure 4-14).

Figure 4-14
Snow supporting structures installed in avalanche-prone areas. The barriers are fixed to the slope and allow collection of snow 
behind them to prevent avalanche release (A). The structures have many different designs: wooden constructions (B), ridged 
steel fences (C), and flexible high tensile steel netting (D). 
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Snow Drift Fences
Snow drift fences exploit the mechanics of wind-driven 
snow; they prevent deposition on the leeward slope by 
disrupting the process of snow scouring on the wind-
ward side.

Often snowdrift structures on the windward slope are 
used in conjunction with snow supporting structures on 
the leeward slope to ensure that the retention capacity 
of supporting structures is not exceeded (Figure 4-15).

Artificial avalanche release
Avalanches are artificially induced using shock waves to 
dislodge snow before it accumulates to the point of be-
coming unmanageable. The required shock waves can 
be obtained by several methods: 

 • Explosive thrown into the snow pack and detonated

 • Artillery

 • Gas pulse 

 • Detonation from a mast

Building and structural design
Buildings and structures built on avalanche tracks can 
be protected by defense walls mounded with earth. 
Building elements can also be reinforced or designed 
to reduce impacts, such as a dividing wedge to split the 
avalanche and reduce the active pressure that other-
wise would be perpendicular to the wall. 

Avalanche dams 
Avalanche protection dams break and slow down ava-
lanches, and retain snow mass in the large containment 
area created by the dam. They are built perpendicular 
to the avalanche track, and their construction can range 
from compacted earth mounds, to retention walls of 
earth and boulder blocks, and to more sophisticated 
constructions involving geotextiles (Figure 4-16). 

Avalanche deflection dams
Avalanche deflection dams consist of large flanking 
walls constructed to intercept avalanches during their 
runout and deflect them away from buildings and in-
frastructure. They are constructed using earth, rubble 
boulder, and often geotextiles, and are built parallel to 
the avalanche flow direction (Figure 4-17).

Figure 4-15
Snowdrift fences are designed to stop the wind, increasing snow accumulation on the windward side of the slope and preventing 
snow accumulation on the leeward slope. Image (A) shows snowdrifts accumulating around the snowdrift fence to the left-hand 
side; Image (B) shows modern designed snowdrift structures optimized for wind disturbance; image (C) shows a snowdrift fence 
used to prevent overloading of the snow retention structures. 
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Figure 4-16
Avalanche protection dams built on a slope perpendicular to the avalanche track, provide a breaking 
effect and offer retention of snow in the dam.

Figure 4-17
Avalanche deflection dam constructed to protect the village and roadways at the base of the slope. The v-shaped design 
provides protection from avalanches arriving on both flanks. (Images: www.ismennt.is) 

http://www.ismennt.is
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Snowsheds/avalanche galleries
Avalanche galleries, or snowsheds, provide active per-
manent protection for roadways and transport lines on 
avalanche endangered routes. Their principal function 
is to provide a sheltered covering over which the ava-
lanche can flow.

Biological measures—protection forests 
It has long been recognized that intact, dense forests 
can prevent the release of avalanches; numerous very 
old protection forests are evidence of this (Feistl et al., 
2014). However, even a healthy, stable forest cannot 
stop a moving avalanche if it is released above the for-
est line. Such avalanches flow through the forest, often 
leaving considerable damage. The protective capability 
of the forest therefore consists in preventing the forma-
tion of avalanches within the forest area. 

4.3.5 Projection to 2050
The remaining analysis discusses the possible avalanche 
trends for the coming years, based on the Representa-
tive Concentration Pathway (RCP) 6.0 climate scenario 
for projections 2050. 

With increasing global temperatures, it is likely that the 
snow line will shift toward higher altitudes. It is also like-
ly that avalanche activity at higher altitudes will increase 
due to elevated temperatures, which will also affect the 
nature of the snowfall (i.e., wetter snowfalls). Because of 
the snow line shift, risks to populations, buildings, and 
infrastructure in low altitude areas is expected to de-
crease.

Exposed population and GDP
Consistent with the changes in snow patterns and ava-
lanche activity, exposure of population and assets will 
also change. The changes in exposure have been in-
cluded in the 2050 projection analysis by adjusting the 
population and GDP datasets according to the Shared 
Socio-Economic Pathway developed for the Intergov-
ernmental Panel on Climate Change (IPCC). The haz-
ard exposure and risk analysis projection for 2050 was 
performed for all five SSP scenarios (SSP1, SSP2, SSP3, 
SSP4, and SSP5). The data are displayed in Figure 4-18, 
Figure 4-19, and Figure 4-20. 
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Projections for the exposed rural population in 2050, according to the SSP scenarios.
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Figure 4-20
Projections for the exposed GDP in 2050, according to the SSP scenarios.
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Projections for the exposed urban population in 2050, according to the SSP scenarios. 
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It is important to note that the SSP scenarios only re-
flect the expected growth of population and GDP, and 
are projected onto the current spatial distribution of 
population over Afghanistan. The scenarios do not re-
flect how the projected population expansion will occur 
spatially. For example, it is plausible that populations 
will move away from avalanche-prone areas, nominally 
because avalanches concentrate in high mountain re-
gions where living conditions are overall more difficult. 
Such demographic trends cannot be reflected in the re-
sults for 2050 projected avalanche exposure displayed 
in Figure 4-18, Figure 4-19, and Figure 4-20.  
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This chapter focuses on the risk of ground shaking caused by seismic activity. 
The modeling of the earthquake shaking is undertaken with the open source 
CAPRA software. A summary of the modeling environment can be read from 
Daniell et al. (2014).

Using the programs CRISIS20071 and CAPRA,2 the hazard, exposure, and vul-
nerability modules are combined to create the risk results.

5.1 Hazard

5.1.1 Approach
A probabilistic seismic hazard approach is undertaken to produce the stochas-
tic event set and hazard maps for Afghanistan. Estimating earthquake hazard 
and its uncertainties is the first step in earthquake risk analysis and loss estima-
tion. Earthquake hazard can be analyzed from the beginning at the source, to 
the production of waves traveling through the earth, to the site on the earth’s 
surface where damage occurs. 

The shaking which is felt at the site is a function of duration, amplitude, and 
frequency of the ground motion; distance from the fault; rupture length of the 
fault; and local site conditions. A ground motion prediction equation (GMPE) or 
attenuation relationship can be used to predict the ground motion at specified 
locations given the site conditions, magnitude, location, and fault mechanisms 
of an earthquake. Depending on the availability of data, a probabilistic or a 
deterministic analysis of earthquake hazard can be carried out. A probabilis-
tic analysis calculates the probability of exceeding all levels of ground shaking 
from all potential seismic sources in the area, instead of a single postulated 
source as in the case of a deterministic analysis. In the stochastic approach 
undertaken here, all possible single events are considered in order to produce a 
probabilistic exceedance of a certain shaking.

The process undertaken to create the hazard outputs is as follows:

1. Importing of historic earthquake data and source models (zones and 
faults);

2. Computing of data completeness and declustering (explained below) of 
earthquake catalogue;

3. Selection of fault and source model;

1 http://www.ecapra.org/crisis-2007
2 http://ecapra.org/software

CHAPTER 5
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4. Selection of GMPEs;

5. Calculation of ground motion through logic tree 
analysis;

6. Estimation of site and topographic effects;

7. Stochastic calculation of a model catalogue; and

8. Ground motion sensitivity analysis.

5.1.2 Initial modeling of the hazard 
components

Historic earthquake data and the source model were 
assembled and imported from existing databases, in-
cluding the work undertaken by Daniell and Schaefer 
for Afghanistan, creating the ECA catalogue as well as 
the EMME catalogue (Zare et al., 2014). In particular, 
Ambraseys and Bilham (2003) provide data on the key 
earthquakes in Afghanistan, reassessed in a consistent 
methodology from the year 800. 

A component called ‘declustering’ is undertaken to 
remove the earthquakes which are either foreshocks 

(earthquakes before the main earthquake) or after-
shocks (earthquakes after the main earthquake) in or-
der to have a catalogue of independent events.

5.1.3 Final hazard maps
The intensity of an earthquake can be quantified using the 
spectral acceleration, which represents for each shaking 
frequency the acceleration imparted by the earthquake 
on an object. The hazard maps were derived for various 
ground spectral accelerations for shaking periods of 0 to 
2 seconds, with return periods (RPs) of 10, 50, 100, 250, 
500, 1,000 and 2,500 years using the CRISIS2007 mod-
el. As an example, Figure 5-1 shows the map of the peak 
ground acceleration (PGA) measured in g (the earth’s 
gravity acceleration) with a 500-year RP.

The PGA for Kabul was calculated as 0.26 g for the 500-
year RP, and 0.47 g for the 2,500-year RP, which indi-
cate a significant hazard. A comparison of the seismic 
hazard in Kabul with some other locations using GSHAP 
(Global Seismic Hazard Assessment Program) is report-
ed in Table 5-1.

Earthquake ground motion  
PGA (in g) – 500 year RP

High: 0.46g

Mid: 0.16g

Low: 0.02g

Figure 5-1
500-year RP earthquake ground motion—PGA (peak ground acceleration) measured in g.
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Table 5-1
Comparison of the seismic hazard for Kabul obtained in this 
study with values for other cities obtained by the GSHAP.

 City Country
PGA (475/500 

year) in g

Kabul Afghanistan 0.260
Lisbon Portugal 0.131
New Delhi India 0.139
Bucharest Romania 0.205
Jakarta Indonesia 0.279
Manila Philippines 0.387
Managua Nicaragua 0.390
Tokyo Japan 0.508
San Francisco United States 0.611
Lima Peru 0.702

A similar comparison was made for the PGA intensity 
(in percent of g) that exceeds the 10 percent probability 
of occurrence in 50 years (see Figure 5-2). This shows 
Kabul as being within the top few cities globally within 
city risk studies.

5.1.4 Final hazard-exposure maps

 • The hazard-exposure maps were derived for seven 
return periods and 48 exposure layers at a level of 
0.075 g, indicative of a damaging PGA. 

 • RPs used: 10, 50, 100, 250, 500, 1,000, 2,500 years

Figure 5-3 shows the difference between the hazard 
limits for the 500-year and for the 50-year return peri-
ods, respectively. 

Figure 5-2
PGA intensity (in percent of g) that exceeds the 10 percent probability of occurrence in 50 years. Kabul is in the top 5 percent of 
major cities globally for earthquake hazard. (Daniell, 2011).

Figure 5-3
The difference of the hazard-exposure cutoff for (Left) 500-year RP and (Right) 50-year RP.

Relative 10% in 50 years exceedance of intensity

Earthquake ground motion 

Cutoff at 0.075g for H-E 
PGA (in g) – 500 year RP

Earthquake ground motion 

Cutoff at 0.075g for H-E 
PGA (in g) – 50 year RP

0 0

1 1
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5.2 Exposure and vulnerability
Determining vulnerability of the infrastructure and 
buildings to earthquakes is a complex task, yet there are 
some key concepts that can be used to relate the earth-
quake hazard to the vulnerability of structures. Fragility 
or vulnerability curves are an important tool that allows 
engineers to group buildings in different classes and 
estimate (based on analytical models, physical experi-
ments, and past earthquake behavior) how the building 
would react to earthquake forces. However, there are 
many uncertainties due to the way that buildings are 
designed and built, especially in Afghanistan.

Table 5-2 presents the exposure to earthquakes of in-
tensity VI (equivalent 0.075g) of roads (in km), pop-
ulation, residential and non-residential capital stock, 
respectively.

5.3 Risk

5.3.1 Event loss tables
For each scenario, the expected loss (EP) is produced, 
indicating the damage in USDs, or deaths which are ex-
pected to occur. 

5.3.2  Loss results

5.3.2.1 National level (Afghanistan) PML and PMD

Table 5-3 reports the probable maximum loss (PML), 
the tail value at risk (TVaR), the occurrence exceedance 
probability (OEP) calculated at various return periods, 
and the annual average loss (AAL).

Table 5-4 shows the potential fatalities from the sto-
chastic event set for Afghanistan in terms of probable 
maximum deaths (PMD), the tail deaths at risk (TDaR), 
the OEP calculated at various return periods, and the 
annual average deaths (AADs).

5.3.2.2 Province level PML

The PML for a 500-year RP is reported in Figure 5-4 for 
each province. Kabul clearly dominates the high period 
losses in Afghanistan due to the concentrated exposure. 

Table 5-2
Total exposure in Afghanistan over intensity VI (equivalent 0.075 g). 

Return period (years) 10 50 100 250 500 1000 2500

Roads (km) 11,769 38,729 42,692 47,547 52,290 54,074 55,664

Population (million people) 2.7 18.0 20.4 22.7 25.5 26.3 26.6

Residential capital stock (million USD) 1,662 13,317 15,459 16,526 18,375 18,983 19,212

Non-residential capital stock (million USD) 2,120 16,266 18,723 20,465 23,247 24,693 25,222

Table 5-3
Afghanistan earthquake shaking costs (does not include landslide-induced losses) detailing the AAL, the PML for seven return 
periods, and the relative loss versus the country capital stock and the TVaR.

Exposed value: $45,097,973,886.00

RP PML TvaR OEP as a percent of total value

10 $170,165,488 $409,462,074 0.377%

50 $519,673,959 $926,270,732 1.152%

100 $762,594,108 $1,229,967,626 1.691%

250 $1,166,363,224 $1,684,329,752 2.586%

500 $1,522,054,564 $2,048,119,915 3.375%

1,000 $1,911,917,773 $2,404,072,479 4.239%

2,500 $2,469,661,572 $2,792,214,542 5.476%

AAL $79,538,969.68   0.176%
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Table 5-4
Afghanistan earthquake deaths (does not include landslide-induced deaths) detailing the AAD and, for seven return periods, the 
PMD, the TDaR, and the relative loss versus the total population.

Exposed population: 27,102,565 

RP PMD TDaR OEP as a percent of total population
10 1,275 3,820 0.005%
50 4,690 9,745 0.017%

100 7,285 13,723 0.027%
250 12,192 20,562 0.045%
500 17,254 26,813 0.064%

1,000 23,628 33,661 0.087%
AAD 563.27 0.0021%

Figure 5-4
Earthquake losses expected for the 500-year return period event PML in each province.
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Figure 5-6
Annual average deaths as derived from the stochastic risk assessment for each province for 
earthquake shaking.

Figure 5-5
Annual average loss per square kilometer as a percent of total exposed value (TEV) 
due to earthquake shaking.

Annual average deaths  
(as derived from stochastic run)
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5.3.2.3 AAL on a national, province, and district level

Figure 5-5 shows the annual average loss (AAL) on a 1 
km grid resolution for the entire country. 

Figure 5-6 shows the AAD (annual average number 
of deaths) in Afghanistan, corresponding to a total of 
about 400 deaths per year, in good agreement with 

historical records which indicate about 8,000 fatalities 
from earthquakes in the past 20 years. 

Figure 5-7  shows that Kabul has a relative loss of 0.15 
percent of capital stock, corresponding to about 40 
percent higher risk than Turkey (Daniell and Schaefer, 
2014). Figure 5-8  shows that Kabul has also the higher 
exposed value in USD.
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Figure 5-8
Annual average loss in absolute terms per province measured in USDs for 
earthquake shaking.

Figure 5-7
Annual average losses in relative terms as a percent of capital stock per province for earthquake 
shaking.
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5.4 Earthquake-induced landslides
Landslides induced by earthquakes can come in various 
forms including slide, rock fall and slump, amongst oth-
ers. The methodology correlates the results of Chapter 
3 (Landslides) to historic earthquake loss results. 

5.4.1 Relationship of earthquake-induced 
landslide losses

According to the CATDAT Damaging Earthquakes Data-
base, a total of about 2,900 landslide deaths vs. about 

9,000 shaking deaths have occurred from earthquakes 
since 1950 in Afghanistan, or a ratio of 1:3 in terms of 
losses. 

Hazard exposure maps equivalent to a combined PGA 
and slope impact have been derived using a 0.1 percent 
cutoff as the onset of landslide density. Figure 5-9 and 
Figure 5-10 show the 500-year and 2,500-year return 
period earthquake-induced landslide risk index mea-
sured as landslide density.

Earthquake-induced  
landslide risk index 
(2,500 year RP)

Earthquake-induced  
landslide risk index 
(500 year RP)
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 Bayman-Doshi Road Profile

 Bayman-Doshi Road Profile

Figure 5-9
The 500-year return period earthquake-induced landslide risk index measure as landslide 
density in conjunction with the landslide assessment.

Figure 5-10
The 2,500-year return period earthquake-induced landslide risk index measure as landslide 
density in conjunction with the landslide assessment.
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A very good correlation was observed between the 
index and historical earthquake landslides causing fa-
talities. The derivation of loss results was not possible 
because the necessary resolution of the rural settle-
ment information was unavailable. A rule of thumb is 
that areas over about 2 percent landslide density pres-
ent a substantially higher percentage of fatalities (ap-
proaching 30 percent or more), than shaking fatalities.

5.5 Case Studies for Examination 
of Cost-Benefit Analyses

5.5.1 Schools’ case study
In the schools’ case study, an earthquake risk assess-
ment was undertaken for the base portfolio of schools, 
including modifications made to the building stock over 
time. The school typologies and vulnerabilities were 
considered representative of the Afghanistan school 
building stock, as indicated by details from the Minis-
try of Education, as well as other surveys of schools in 
Afghanistan.

Summary of the approach:

 • Exposure analysis;

 • Examination of previous studies on schools;

 • Research building typologies of schools;

 • Calculate PML and AALs for a base portfolio of 
schools; and

 • Apply various retrofitting techniques.

5.5.1.1 Breakdown of cost components and exposure 
analysis

From various Bills of Quantities from schools being 
produced around Afghanistan, a list of expected com-
ponents in a school masonry design was compiled. 
Costing for these components can differ by a factor of 
ten between the various building stocks. 

Data from the Ministry of Education of Afghanistan was 
used to determine the number of schools. The individ-
ual school sites with geocoordinates totaled between 
1,100 and 1,600, depending on the project, with incon-
sistent distribution across Afghanistan. 

According to the Ministry of Education (EMIS 2016), in 
2011–2012 there were 16,584 schools (15,701 schools are 
government and the rest private) in Afghanistan with 
at least 8,303 of these having buildings. This is in good 
agreement with the Afghan Central Statistics Organiza-
tion (CSO) data from 2003–2005 shown in Figure 5-11. 
The value of schools distributed across Afghanistan is 
shown in Figure 5-12.

Population per school  
CSO Data (2003-05 Study)

3,230 – 3,620

2,280 – 2,560

5,440 – 10,600

2,060 – 2,270

4,030 – 5,430

3,630 – 4,020

2,570 – 3,220

Figure 5-11
Population per school in province from CSO data (2003–2005).
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Figure 5-12
Values of Afghanistan schools distributed across Afghanistan. Total = 1.67b USD.

5.5.1.2 PML and AAL analysis of schools in 
Afghanistan

Using the 8,300 schools with buildings distributed 
across the nonresidential exposure, the base school 
portfolio was produced. A proportionate amount of 
two-story infrastructure was examined, as well as stud-
ies examining schools, including technical drawings. 
The vulnerability classes were distributed evenly nation-
wide. 

The PML, TVaR, and AAL are shown in Figure 5-14 and 
Table 5-5 for the distributed base school portfolio in 
Figure 5-13. The PML250 for the schools’ portfolio is 
around 3 percent, meaning that for a 250-year event, a 
likely loss of 3 percent of the building stock associated 
with schools will be damaged. Close to the epicenter 
schools will likely collapse, whereas further afield mi-
nor damages are expected. It should be noted that this 
study does not consider universities.

n Base

n AR1

n BB2

n CT1

n DC1

n DC2

n DC3

4.00%2.00%
0.30%

Figure 5-13
Relative percentage of building typologies for schools in Afghanistan currently. 

Note: Base = improved masonry (engineered), BB2 = brick masonry (horizontal reinforcement or otherwise), CT1 = timber frame—
heavy infill masonry, DC1 = in-situ reinforced concrete (RC) frame with nonstructural cladding, DC2 = RC frame with infill masonry, 
DC3 = in-situ RC frame with shear wall.
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Figure 5-14.
PML and TVaR curve for Afghanistan schools as a current base portfolio in Afghanistan from 10 to 
2,500 years from a TEV of around 1.67 billion USD.
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Table 5-5
Afghanistan earthquake shaking costs for the school portfolio currently in Afghanistan (does not include landslide-induced 
losses) detailing the AAL, PML for seven return periods and the relative loss versus the country capital stock. The TVaR (tail value 
at risk) also provides a good basis that much of the risk is potentially mostly covered by a 2,500-year return period given the 
ratio of around 1.3:1.

Exposed value: $1,669,238,999.24

RP PML TvaR OEP as a percent of total value

10 $7,599,026 $19,421,659 0.455%

50 $22,921,572 $46,801,692 1.373%

100 $33,270,659 $66,305,884 1.993%

250 $49,771,178 $85,319,587 2.982%

500 $65,111,627 $105,457,322 3.901%

1,000 $82,825,791 $115,788,097 4.962%

AAL $3,311,319   0.198%

The AAL of $3.3 million per year may seem quite in-
consequential compared to the GDP of Afghanistan 
($20 billion), but in a single event a value of $50 mil-
lion would not be uncommon for the school system. 
However, impacts include interruption of education, 
and fatalities. If all earthquakes hit during school time, 
around 4.94 million school students would be exposed 
in school buildings (around 55 percent of students are 
expected to be in schools with buildings). With the base 
portfolio, around Afghanistan, the total annual school 
student death toll expected would be around 144 stu-

dents in schools. Given that the school time only makes 
up around 23 percent of a week, this would correspond 
to an annual average loss of around 33 students per 
year with average stock schools.

A 100-year event would cause a PML of $33 million of 
the $1.67 billion school building stock value (with sig-
nificant uncertainties) but would kill an estimated 1,860 
students in unsafe school buildings if it occurred during 
school time. 
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5.5.1.3 Retrofitting and benefit ratio estimation

Cedillos et al. (2012) and Smyth et al. (2004) detail suc-
cessful retrofitting of schools in different environments 
around the world. The price of retrofitting is often 
around 8–20 percent the value of the structure where 
only minor changes are required but would improve life 
safety far more than that. The base AAL for schools is 
approximately 0.2 percent across Afghanistan, which 
is slightly higher than the total AAL (around 0.15–0.16 
percent). This indicates the vulnerable nature of poorly 
built masonry schools. Five scenarios are set out (Table 
5-6) to examine the impact of reducing the vulnerability 
of the school stock.

Figure 5-15 shows the AAl for each building type, and 
for each scenario, where 

Base =  Improved masonry (engineered)
AR1 =  Rubble masonry, adobe, mud, or other   

 vulnerable masonry construction
BB2 =  Brick masonry (horizontal reinforcement  

 or otherwise)
CT1 =  Timber frame—heavy infill masonry
DC1 =  In-situ RC frame with nonstructural cladding  

 (to low code levels)
DC2 =  RC frame with infill masonry  

 (to moderate code levels)
DC3 = In-situ RC frame with shear wall  

 (to high code levels)

Figure 5-15. Left: AAL for each building type using a base portfolio of all this building type; Right: AAL for each of the six 
scenarios (five scenarios [1–5], and base scenario [0]).

Table 5-6

Scenario 1–5 for schools’ improvement.

Scenario 1 Adjusting masonry in rural and bad quality to better quality

Scenario 2 Adjustment to rural concrete (RC) (low code) stock from masonry

Scenario 3 Adjustment to RC (moderate code) from masonry

Scenario 4 Improvement of stock to code

Scenario 5 Rural school Improvement to better classes and AR1 class removal
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Figure 5-16
Left: Relative loss vs. vulnerability class AR1, showing the reduction in vulnerability from alternate classes of buildings vs. 
vulnerable masonry as measured from annual average loss; Right: The savings in AAL (not considering cost of program) from the 
five scenarios vs. the initial stock.
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The human impact would likely be reduced by an even 
higher amount with the reduction of fatalities from the 
brittle collapse of buildings occurring mainly in the AR1 
and BB2 classes (Figure 5-16).

For the purposes here, the fatalities as an annual aver-
age are shown in Table 5-7

The costs associated with each component are based 
on expert opinions from previous retrofitting studies in 
other countries and the associated costs of new con-
struction from the residential building costs. 

5.5.1.4 Recommendations

 • The cost of a nationwide upgrading is prohibitive. 
However, an inventory of vulnerabilities to seismic 

safety of each school building should be produced 
using the Ministry of Education database of schools.

 • Bad quality building stock out of mud, masonry, or 
badly built reinforced concrete (RC) should be ear-
marked for retrofitting in high and moderate seis-
mic regions in the country (i.e., locations where the 
100-year earthquake exceeds 0.075 g) or simply the 
provinces in the east and north of the country as this 
will show the maximum benefit.

 • Unreinforced masonry (URM) and adobe buildings 
are most vulnerable. 

 • Either Scenario 1 or Scenario 5 are most feasible, 
given the large difficulties associated with the other 
options.

 • Up to 90 percent of fatalities could be prevented by 
employing a school seismic safety scheme.

Table 5-7
Scenarios 0–5 showing the benefit in terms of AAL vs. a zero-cost assumption.

    AAL
Savings  
in AAL

Fatalities 
(annual avg.)

Reduction  
in fatalities

Scenario 0 Average $3,311,320 0% 32.87 0%

Scenario 1
Adjusting masonry in rural and bad quality to better 
quality $2,426,520 27% 21.11 36%

Scenario 2 Adjustment to RC (low code) $2,303,303 30% 10.73 67%

Scenario 3 Adjustment to RC (moderate code) $1,467,846 56% 4.60 86%

Scenario 4 Improvement of stock to code $1,277,786 61% 3.71 89%

Scenario 5 Rural school improvement $2,016,248 39% 13.39 59%
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5.5.2 Doshi-Bamyan Road case study

5.5.2.1 Exposure profile

A case study of the Doshi-Bamyan Road was undertak-
en to examine the effect of earthquakes on the potential 
path of the road. A shape file of the path was created 
for the length from Bamyan to Afghan Doshi.

The elevation profile along the road from Bamyan to 
Afghan Doshi drops from 2,539 m to 838 m, namely a 
drop of 1,701 m over around 180 km (an average gradi-
ent of 1 percent).

Table 5-8 reports investment and capital stock in roads 
in Afghanistan; it was compiled using a combination of 
datasets. The replacement cost for the Doshi-Bamyan 
Road is taken from Table 5-8 for asphalted roads 
($310,000/km). A total of 179.33 km of roads and bridg-

es are required. Thus, the total replacement cost to be 
assumed is $55.6 million. 

5.5.2.2 vulnerability

Road vulnerability functions were derived from various 
authors. Two methodologies were examined: the NIBS 
(2004) and Werner et al. (2006) functions for road 
pavements, and the SAFELAND methodology for roads 
on slopes. 

5.5.2.3 Hazard

Peak ground displacement (PGD) was derived using the 
2.0 sec peak ground acceleration (PGA). 

The PGD and PGA have been derived for each location 
(Figure 5-17) along the road by using spectral response 
at PGA (2.0 s) and other empirical checks. Figure 518 
shows the PGD nationwide.

Table 5-8

Investment and capital stock in roads in Afghanistan used for the replacement cost.

Roads km Unit cost value

Total existing roads 33,864    

Asphalted roads 9,468 310,000/km $2,935,080,000

Sand roofed roads 24,146 80,000/km $1,931,680,000

Other roads 144 80,000/km $11,520,000

Figure 5-17
Left: 500-year PGA interpolated along the proposed road; Right: 500-year PGD interpolated along the proposed road.
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5.5.2.4 Risk

The risk is calculated using the damage ratios of Werner 
et al. (2006) for the given hazard maps. The results are 
presented in Figure 5-19, Figure 5-20, and Table 5-9. It 
should be noted that if local effects are in place, the 

PGD may be much higher or lower than the calculated 
hazard, and thus there is a significant standard devia-
tion on the loss.

Figure 5-18
Peak ground displacement (PGD) derived for each cell on a non-interpolated grid, and the 
Bamyan-Doshi Road
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Figure 5-19
Damage percentages to the Bamyan-Doshi Road for each return period for each class.
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Table 5-9
Final calculated loss results for the $55.6 million road from 
Bamyan to Doshi.

RP (years) Loss (USD) MDR km damaged

2,500 8,632,774 15.5% 27.8

1,000 5,359,547 9.6% 17.3

500 3,836,291 6.9% 12.4

250 2,575,026 4.6% 8.3

100 1,358,961 2.4% 4.4

50 544,898 1.0% 1.8

10 — 0.0% 0.0

 
The earthquake-induced landslide risk index is higher 
in the steeper sections of the profile in the first half of 
the road, which may mean that better stabilization of 
slopes is required to avoid landslides covering the road 
in potential earthquakes (Figure 5-21).

5.5.2.5 Costs and benefits associated with upgrading 
the Bamyan-Doshi Road to a higher standard to 
reduce damage

The construction of earthquake-resistant roads is ex-
tremely difficult, given the ground stability being a key 
component with additional compaction and increased 
strength of concrete and bitumen having no marked ef-
fect on earthquake loss. 

Around the world a few methods have been used to at-
tempt to protect roads and bridges:

 • Micropiles (high-capacity rods or pipes grouted to 
the ground) have been used for anchoring the shoul-

der and the subgrade; however, this only in theory 
minimizes damage and would be extremely costly.  

 • Base isolation (a method to isolate the structure 
from the ground using shock absorbers) and other 
techniques such as dampers should be employed for 
the parts of the road that span the river, given that 
we may expect lateral spreading and/or liquefaction 
in the locations near the river. 

 • Glass or carbon fiber retrofitting in some cases could 
be used, but not for the entire portion of the road 
given the cost.

 • Embankments and bridges can be designed through 
the geotechnical engineering process to have a high-
er factor of safety. This can be achieved through soil 
replacement, shotcreting, compaction, and/or rein-
forcement, and thus is generally more stable in a mi-
nor earthquake event, reducing minor losses.  This is 
the most important method of road stabilization in a 
big earthquake event.

The increased cost associated with a better factor of 
safety, better ground conditions studies, earthquake-re-
sistant design in the retaining walls, geotechnical make-
up of the road, and other cases is in the order of 20–30 
percent of the design cost. It is expected that up to 75 
percent of the damage may be able to be reduced by 
better building practices, up to around 0.2 m displace-
ment; however, beyond that, the benefits would be 
markedly reduced (from empirical evidence). Thus, the 
most benefit would be for the slightly and moderately 
damaged portions of the road. 

Over 150,000 people would be serviced by the road, 
bringing a likely increase of 50 percent of their income 
based on the road being active. That transfers to close 

Figure 5-20
Loss (USDs) for each return period for the proposed road showing the 
significance of large events.

2,500

$
8

,6
32

,7
74

5001,000

$
5,

35
9

,5
4

7

$
3,

8
36

,2
9

1

250

$
2,

57
5,

0
26

100

$
1,3

58
,9

6
1

50

$
54

4
,8

9
9

10

$
0

Loss (USD) per Return Period



AFGHANISTAN Multi-hazard risk assessment     |  83  |

to $8 million per month, in addition to reduced freight 
costs. (A 15-day downtime assumption per km moder-
ately damaged is used.) A value of 30 days for exten-
sively and completely damaged kilometers are used, 
given the cleanup and design needed post-event. For 
slight damage, a value of five days is used per kilometer. 

5.5.2.6 Recommendations

 • Earthquakes are a key issue in Afghanistan, and 
the Bamyan-Doshi Road will be likely subjected to 
an earthquake during its design lifetime. A proper 

earthquake-sensitive design should be undertaken 
for the road, especially toward Doshi.

 • Retrofitting or redesigning versus usual road design 
is not cost effective, and the increased road cost 
would be prohibitive, even versus the economic im-
pact for the region.

 • Detailed geotechnical work should be undertaken, as 
there may be cost-effective solutions to improving 
stability against earthquakes. It is likely that addi-
tional money invested into geotechnical design and 
build will also increase service life of the road.

Table 5-10
The cost in days and dollars downtime associated with loss results for the scenario events.

RP (years) Loss (USD) MDR km damaged Minimum downtime (to previous standard) (days)

2,500 8,632,774 15.5% 27.8 485 ($159 m)

1,000 5,359,547 9.6% 17.3 188 ($62 m)

500 3,836,291 6.9% 12.4 95 ($32 m)

250 2,575,026 4.6% 8.3 39 ($13 m)

100 1,358,961 2.4% 4.4 13 ($4.3 m)

50 544,898 1.0% 1.8 5 ($1.7 m)

10 — 0.0% 0.0 0.0

Figure 5-21
The location of the Bamyan-Doshi Road with respect to the earthquake-induced landslide risk 
index. Red = high risk; green = low risk.

Earthquake-induced 
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Bamyan-Doshi Road

High: 166

Low: 0
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 • The road could have a damage fund set up, rather 
than unnecessarily building beyond the usual engi-
neering effort, as the likelihood of slight damage is 
very high, whereas the chance of a major rebuild is 
very low. This could then aid with repairs of the road 
over the design life due to smaller earthquakes, as 
well as aid with maintenance of the road.

 • Earthquake-induced landslides, without detailed in-
formation as to road cutting and soil testing, are not 
possible to include in a preliminary analysis; however, 
they should be examined as part of the road building 
design.
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The geographical location of Afghanistan and years of environmental degradation in the coun-
try make Afghanistan highly prone to intense and recurring natural hazards such as flooding, 
earthquakes, snow avalanches, landslides, and droughts. These occur in addition to man-made 
disasters resulting in the frequent loss of live, livelihoods, and property. The creation, understand-
ing and accessibility of hazard, exposure, vulnerability and risk information is key for effective 
management of disaster risk. Assuring the resilience of new reconstruction efforts to natural 
hazards, and maximizing the effectiveness of risk reduction investments to reduce existing risks 
is important to secure lives and livelihoods.

So far, there has been limited disaster risk information produced in Afghanistan, and information 
that does exist typically lacks standard methodology and does not have uniform geo-spatial cov-
erage. To better understand natural hazard and disaster risk, the World Bank and Global Facility 
for Disaster Reduction and Recovery (GFDRR) supported the development of new fluvial flood, 
flash flood, drought, landslide, avalanche and seismic risk information in Afghanistan, as well as a 
first-order analysis of the costs and benefits of resilient reconstruction and risk reduction strate-
gies. This publication describes the applied methods and main results of the project.
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