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Abstract

Pakistan is flood prone country facing very destructive floods during last few years. This
research present the precipitation runoff, flood mapping of destructive flood of 2010 in Kabul
River Basin. Two models i.e. HEC-HMS (Hydrological Model) and HEC-RAS (Hydraulic
Model) is used in ArcGIS. Hydrological model is widely used to formulate the precipitation
runoff. In current study Hydrological modelling is used to simulate the precipitation runoff
and for flood inundation mapping of Kabul river basin hydraulic modelling is used. The
Kabul River basin has a catchment area of 92,605 square kilometers. Kabul River is the
tributary river of Indus River System. 80% arear of Kabul River Basin is in Afghanistan
while only 20% is in Pakistan. Hydrological modelling use the rainfall data collected from
gauges located at Nowshehra installed by Pakistan Meteorological Department (PMD) for
runoff. Heavy rainfall occurred during the last week of July 2010. Therefore rainfall data of
the disastrous event was simulated and the result of simulation the peak discharge at outlet is
9213 CFS with 50 % model accuracy due to lack of Afghanistan climatic data. HEC-RAS
was used for the mapping. This modelling enable the two and three. dimensional flood

ma;;ping and analysis in the GIS.

The whole results of both modelling is supportive in the mitigation of future devastating
flood and overwhelmed its influence on population and landscape. Through the assistance of
hydrological modelling outcome, the simulated runoff values can be used for flood control
and flood mutilation assessment studies. This study will be helpful for creating awareness
among local authorities for avoiding and prolonging the adverse effects of flood on local

population.
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hanter # 1

The main question was to convert this challenge to opportunity so that the benefits take over
the losses through vulnerability mapping of the area. During the 27 July to 4 August 2010

record breaking rainfall in different areas of KPK.

Present study was conducted on Kabul river basin for flood mapping and risk assessment for
2010 flood. The main purpose of study was to calculate the precipitation runoff, prepare
inundation flood map and recommend the mitigation measure. To assess the flood risk,
calculate the precipitation runoff of Kabul River basin through hydrological and mapping by
hydraulic modelling. Present study was concentrated on the flood mapping, precipitation
runoff and identification of flood risk area of the Kabul river basin, so that the vulnerable
population may not suffer from recurring losses of lives and livelihood. The hydrological

model HEC-HMS was used for precipitation runoff and hydraulic model HEC RAS for flood
mapping.

The Kabul River basin has an area of 92,605 square kilometers that holds the water body.
Kabul is the branch of Indus River System. Kabul River is one of the tributaries of Indus
River. The Kabul River invents from Afghanistan. It reaches in Pakistan through
northwestern areas and connects to the Indus River nearby the city of Attock and lastly links
the Arabian Sea, Karachi. Indus River has many tributaries including Swat and Konar Rivers
which are important tributaries. The barrages on the Kabul river basin are consider as the
main source of irrigation system of Pakistan. Already study has been done on Kabul River
basin but using different methodology with different model i.e. Integrated Flood Analysis
System (IFAS) and 2D Rainfall runoff Inundation model (RRI). IFAS was used for flood
forecasting of Kabul River basin. This system with adjusted limitations was used to simulate
rainfall-runoff. RRI model is basically a mathematical model explaining the rainfall-runoff

relation of rainfall catchment area.

Floods are of different types like flash flooding, increase level of ground water and damage
or opening of canals, dams and reservoir cause flooding. Different hydrological and hydraulic
techniques are used for the risk assessment of different types of water flood. In present study
Hydrological modelling system (HEC-HMS) is used for flood risk assessment. The
hydrological model HEC-HMS (Hydrologic Engineering Center, Hydrologic Modeling
System), practiced in combination with the Geospatial Hydrologic Modeling Extension,
HEC-GeoHMS, is not a site-specific hydrologic model. The HMS is planned to simulate the

precipitation-runoff processes of drainage basins. This modelling system is applicable in
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increased by snowmelt flows, usually consequences into floods in rivers in the monsoon
spell.

As in the reports of the International Federation of Red Cross and Red Crescent during the
previous ten years from 1993 to 2002 floods have exaggerated an average 140 million people
each year (IFRC, 2003). According to Flood Annual Report 2010 and 2012, mostly, floods
are caused by the intense concentrated rainfall throughout the torrential rain period, which are
occasionally increased by melting of snow and flows in rivers. Sometime harsh floods are
also caused because of torrential rain streams originating in the Bay of Bengal and
subsequent depressions which frequently result in heavy inundation in the Himalayan
foothills, which is sometime enlarged by the weather systems from the Arabian Sea (Seasonal
Low) and from the Mediterranean Sea (Westerly Wave) cause damaging flood moreover or
in the entire central rivers of Indus systems.

Pakistan having peculiar location over the globe receives rainfall in winter as well as in
monsoon. Pakistan, also, has been facing catastrophic floods in the past such as during the
years 1958, 1974, 1988, 1992 etc., all of them occurred during the summer monsoon. The
Asian monsoon has two components; the South and East Asian monsoon in which the South
Asian downpour is the main source of precipitation over Pakistan. Sometimes, it yields very
heavy rainfall in the area when cold air advection aloft takes place due to westerly waves
during summer (Rasul ef al., 2005). The regularity of manifestation of heavy rainfall events is
higher in the northern half of Pakistan (Chaudhary, 1991) while it sharply decreases towards
the southern half of the country (Rasul et al., 2005).

Human intrusions by the creation of banks, barrages, dams, land clearance, and land use
modification etc. have also bothered the river system in relations of residue load and their
run-off, leading to more rigorous floods (Ali and De Boer 2007; Walling, 2008; Sinha, 2009).
In circumstances of enormously severe disasters like the Pakistan flood, numerous towns and
villages become inaccessible due to the distraction of both transportation and the
communication network (Relief International, 2010). Pakistan has agonized an overwhelming
flood catastrophe in 2010. Largescale riverine and flash floods in the Kabul River basin
(92,605 km?), caused harsh destruction with more than 1100 fatalities (Takahiro Sayama et
al., 2012).

Inundation can cause destruction to the inhabitants unswervingly and incidentally for
example in terms of unswerving influence it can cause mutilation to land, farming,
infrastructure, deaths and grievances and in relation of incidentally impact it bothers the

agriculture production, water networks and water endured infections (WHO, 2011).
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According to Pakistan’s National Disaster Management Authority, one-fifth of the whole area
of Pakistan was underwater at the high water streak (Sayah and Desta, 2010), disturbing 84
out of 121 districts (UN-OCHA, 2010). Decline in glacier mass will result in increased river
discharge and increased danger of flood events (Aizen et al., 1997; Kundzewicz et al.,
2007).

Snowline has been fluctuating promptly uphill affecting the biodiversity to drift and
precipitation in the form of rainfall instead of snowfall. Such up-rise of thermal system has
started melting the low altitude glaciers at a more rapidly rate. As a consequence the
development of new glacial lakes and enlargement of present lakes to the threat of outburst
flood has amplified (M. Afzaal et al, 2009). In the Northem part of the country heavy rainfall
rise water level in rivers and periodic nullahs instigating heavy flood in River Indus. Far
ahead through the input of River Swat and Kabul to Indus directed to extraordinary flood in
zones of Punjab province i.e. Jinnah Barrage to Taunsa Barrage Range (Annual Flood Report,
2010).

Inundations because of floods have the prospective to cause mortalities, movement of people,
and destruction to the environment and therefore rigorously conciliate economic growth.
Overflowing accounts for 40% of entirely natural vulnerabilities worldwide and partial of all
the deceases caused by natural calamities (Ohl and Tapsell, 2000; Jonkman and Vrijling,
2008). One of the foremost requirements of flood disaster management is the real-time
checking of maximum flood magnitude for taking up instant response, short- and long-term
reclamation, and future mitigation actions (Wang 2004). The outpost remote sensing data,
owing their synoptic observation and repetitively combined with the initiation of GIS
techniques, have verified to be enormously operative in flood inundation mapping and
monitoring on actual- period basis (Kumar Gaurav et al., 2011).

Hydrological modeling is a normally used instrument to guesstimate the basin’s hydrological
response in arrears to rainfall. It permits to calculate the hydrologic response to several
watershed management applies and to have an improved understanding of the effects of these
practices (Kadam, 2011). It is obvious from the wide-ranging review of the literature that the
studies on comparative assessment of watershed models for hydrologic simulations are very
much limited in emerging countries (Kumar and Bhattacharya, 2011; Putty and Prasad,
2000). The model was found precise in spatially and temporally forecasting watershed
response in incident based and incessant simulation as well as simulating numerous

circumstances in flood forecasting and forewarnings (Kishor Chaudhry, ef al., 2014).
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Numerous studies have been led using the HEC-HMS model in different areas under different
soil and climatic conditions. Chu and Stenman (2009) used HEC-HMS model for both event
and continuous hydrological modeling in Monalack watershed in west Michigan. HEC-HMS
model has been similarly used to simulate rainfall-runoff process with geo-informatics and
atmospheric models for flood forecasting and early forewarnings in different regions of the
world (Abed et al., 2005; Anderson et al., 2002; Hu et al., 2006; Yusop et al., 2007; Yener et
al., 2012; Alietal., 2011;).

Hydraulic model, HEC-RAS is planned to perform one-dimensional hydraulic calculations
for a full system of natural and built networks (Brunner, G. W. 2006). An HEC-RAS model
can be used for both steady and unsteady flow, and sub and supercritical flow systems

(Goodell, C.; Warren, C).
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The purpose of present study is to make the !

. . . . . . H 90 M DEM of | ul basin
inundation map of Kabul river basin and identify

the vulnerable areas and recommend the mitigation A

measures. The large area of Kabul river basin is

present in Afghanistan (approx. 80%) and 20% in

Pakistan. Information used in the study is collected

from the gauges that are installed by PMD and

WAPDA. SRTM DEM of Kabul river basin is

shown in fig 2.1.

Fig 2.1 Kabul River Basin

2.1 Data Collection:

For this study software ARCGIS and two models have been used. Hydraulic model was used
for the flood inundation and Hydrological Model was used for the precipitation runoff of the
study area, Kabul river basin. Topographic data i.e. Shuttle radar topographic model (SRTM)
digital elevation model (DEM) for the HEC geoRAS and HEC HMS was downloaded from
the U.S Geological Survey (USGS) website. Rainfall data that is collected from the gauges
located at Nowshehra and daily temperature of selected areas during the last week of July
2010 to 04 August 2010 was collected from Pakistan Meteorological Department (PMD)
which was the input for both hydrological and hydraulic models. Land cover and land use
data was collected from the National Agriculture Research Council (NARC) that was the

basic input in hydraulic model.

2.2 Methodology:

Methodology is divided into three stages, preparation stage in which DEM was generated and
create Triangulated Irregular Network (TIN). Next stage is execution stage in which models
were processed and last stage was the verification of the results of both models. Methodology

flow chart was given below.
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condition and initial condition. After calculating inundation area the data was imported to the

ArcGIS and get final inundation map of study area.

Fig 2.6 List of RAS Layer

In HEC-GeoRAS spatial analyst and 3D analyst extensions in the ArcGIS is used. It is
particularly used to process the geospatial data and it is used to create the HEC-RAS import
file. This import file comprises of attribute data from digital elevation model (DEM).The
geometric data developed in HEC-GeoRAS including stream centerline, reaches (tributaries),
cross sectional cutline, downstream reach lengths, main channel, right over bank, left over

bank and then export to the HEC-RAS.
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In order to produce 3D map to run the
hydrological and hydraulic model, Shuttle
Radar Topographic Mission (SRTM) Digital
Elevation Model (DEM) is used in the Arc
GIS. The SRTM DEM has highest resolution
of topographic data; its resolution is 90m

which is good to view the hydrological area.

Fig 3.1: SRTM DEM of Kabul River
3.1 HEC Geo HMS (Hydrological Modeling):

In the present study Hydrological modeling
system (HEC-HMS) has been used for the
precipitation runoff of Kabul basin. As shown by
the fig (Fig 3.2), there are seven subbasins i.e.
Chitral, Dir, Drosh, Lower Dir (Timergara),
Kalam, Peshawar city and Peshawar A/P
(Airport) where PMD gauges are present and
represented by purple triangle. Daily rainfall
data from 20" July 2010 to 4™ Aug 2010 has

been gathered from these gauges.
Fig 3.2: Selected subbasin of study area with PMD stations

Before starting modeling first step was terrain processing. Terrain data was used as the input .A

stream network and catchment of study area was created by using the DEM in terrain processing.
3.1.1 Basin Processing:

Basin processing involved the basin and river merge. Different subbasin and rivers were merged
to form subbasin. Subbasin could be merged if they are flowing together or head-to-head in

downstream and upstream manner.
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The result from the HEC RAS modeling show that Nowshera and Charsada are complete
inundated while Peshawar faced less flood as compared to Nowshera and Charsada. Swat and

Kalam are the districts that are completely inundated areas.
3.6 Limitations:

HEC-HMS was used for the precipitation runoff of Kabul river basin. Because of limitations of
the observed rainfall & temperature data there is some difference occurred due to missing of
climatic data of Afghanistan. Heavy rainfall in the study area causes disastrous flooding due to
which gauges present at the study area was totally damaged and therefore there is no record of
the rainfall data during 31 July to 04 August 2010. So the available data is used for precipitation

runoff and simulation graphs are prepared.
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