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ABSTRACT

Floodsareamongthemost devastating natur al hazar dsin theworld. Pakistan hasbigriversand flood

planningand management ismainly concentrated on riverinefloodsoccur ring during monsoon. However,

flash floodsin hilly and Pothowar (semi-hilly) ar eaar ealsocommon with demonstr ated damagepotential.
Thisstudy wastaken up tothor oughly investigateflood mechanism and inundation behavior in awater shed
in Pothowar region by use of computer modelingwith thelLai Sream asacasestudy. ThelLai Sream

Basin with an area of 235km?islocated in northern part of Pakistan. Lai isthemain stream passing

through Rawalpindi city with aflood damaging history of almost oncein every threeyears. 2001-Flood

has been thelar gest among recor ded events claiming 74 human lives, affecting 400,000 people and
inflictinga capital lossof USD 0.25 billion. Thor ough dataanalysiswasper formed to select most suitable
datafor computer modeling. Thewholebasin wasdivided in tofifteen (15) sub-basinsand their respective

yieldswer egenerated and subsequently incor porated intoriver network of Lai Sream. Calibration was

achieved successfully along theriver profilewith 2001 flood astar get followed by the estimation of

standard flood dischargefor Lai stream. Thereupon useful recommendationshavebeen madeto utilize
themode for mitigating flash flood eventsin urban/inhabited Pothowar (semi-hilly) region of Pakistan

in particular and world over in general.
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1 INTRODUCTION

oods are one of the most dramatic interactions

etween man and his environment, emphasizing

both the sheer force of natural events and man's
inadequate effortsto control them [1]. Flood isdefined as
any high stream flow which overtops natural and artificial
banks of a stream [2]. Floods are among the most
devastating natural hazards in the world, claiming more
lives and causing more property damage than any other
natural phenomena[3]. Flooding isoneof themajor natural
disasters that affect many parts of the world including
developed nations. Besides losing billions of dollars in

Flood, M odeling, Pothowar, Runoff, Water shed.

infrastructure and property damages, hundreds
(sometimes thousands) of human lives are lost each year
duetoflooding [4]. With theincreasing impacts of climate
change and the more recent flood events throughout the
world, thereis aneed to establish more useful flood risk
management plans and strategies [5]. The science and
technology of flood disaster mitigation addresses policy,
planning, design, and operational aspects. Good policy
and planning can reduce the exposure to flooding through
control of land management and housing devel opment
whilst well-designed flood defence schemeswill aleviate
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theimpact of flooding. However, compl ete protection from
floodingisrarely aviablegod [6]. Flooding can bepartialy
avoided by adequate mitigation techniques, however, flood
hazards can never be ruled out. Future flood prevention
and reaction measures will require a stronger stress on
integrated approachesincorporating flood forecasting and
risk uncertainties[7].

The damage by flash floodsis auniversal episode. Flash
floods can happen everywhere, independently of altitude,
longitude or latitude, when large volumes of rainfalls
happen within a short period of timein the same area[8].
Urban areas, where much of the land surface is covered
by impervious material, are characterized by reduced
infiltration and accel erated runoff which causes flooding
unrelated to aflood-plain. Historically, riverine flooding
and flash flooding along flood-plains have received
considerable attention, whereas flooding in the urban
setting has not [9].

Pakistan has big rivers and floods are mainly caused by
heavy south-westerly monsoon showers and rapid snow
melting in the Northern Alpines. However, flash floods
occurring in natural streams (called Nullahs/Kas) as a
result of localized intenserainsin hilly and pothowar (semi-
hilly) areasare also very common. Such flash floods have
remarkably demonstrated their damage potential in the
last few years. Also with the development in urban areas
the frequency of urban flood damage is increasing.
Flooding problemin Lai Stream, originating fromMargalla
foot hillsin Islamabad area and passes through the center
of Rawalpindi City, has been under discussion for thelast
60 years. FloodsintheLai Stream Basin occur during the
monsoon season (July-September). On average there are
flood damages almost once every three years in the
Rawad pindi. Extremeflood yearswere 1981, 1988, 1997 and
2001. Flood of 2001 has been the largest among the
recorded events so far and considered as a national
disaster. on 23rd July, 2001, therainfall depth wasrecorded
a 620 mmin 10 hoursfrom 0600-1600 hoursandtragicaly,

74 human lives were lost while 3,000 houses were
completely or partially damaged [10]. Estimates indicate
that almost 400,000 people were affected by 2001 flood
alongwith a loss of more than USD 0.25 billion to
infrastructure, government and private property [11].

A representation of the real world into asimpleform can
be considered a model. There are two types of models,
namely static models and dynamic models [12]. Static
models generally represent a single state of affairs while
dynamic model s put emphasis on changesthat have taken
place, aretaking place, or may take place. Modelscan also
be defined according to their form, namely scale,
conceptual, and mathematical model. Scale models are
representation of real world physical phenomena.
Conceptual models use a quasi-natural language or
flowchart to outline the components of the system under
investigation and highlight the linkage between them.
Mathematical models operationalize the conceptual
models with mathematical formulations [13]. Computer
model is the sophisticated form of mathematical model.
Recent years have seen an explosion in the devel opment
and use of spatially distribute models in hydrology. For
the particular case of flash flood forecasting their merits
areobvious[14].

Engineering studies in river hydraulics make extensive
use of numerical modeling for various purposes, from
environmental applicationsto flood applications, likeflood
risk assessment or flood forecasting [ 15]. Worl dwide, many
citiesarefacing theissue of devel oping methodsto address
coexisting water shortages and flood-inundation,
especialy cites in semi-arid regions and semi-humid
continent monsoon climate zones. Rainfall-runoff
prediction and real-time water resources assessment is
essential for addressing such situations [16]. Nowadays
computer-modeling techniques have ably assisted
scientists and engineers with determining floods as well
as flood assessments. Computer models for the
determination of flooding effects generally require four
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parts[17] the hydrological model which developsrainfall-
runoff relationship from a design storm or historic storm
event, (2) the hydraulic model which routes the runoff
through stream channels to determine water surface
profilesat specific locations along the stream network, (3)
atool for floodplain mapping and visualization, and (4)
the extraction of geospatial data for use in the model(s).
However, point measurements of stage or discharge are
more compatiblewith 1D models[18].

Thisinvestigation isintended to provide useful technical
information for flood management plannersto helpinthe
selection and design of flood mitigation measures aswell
asintheinvolvement of flood risk management strategies
to avoid flood damages by flash floods in general and by
La Streamfloodin particular.

2. PHYSICAL CONDITIONSOF THE
STUDY AREA

2.1  Topography

Having acatchment areaof 234.8km? Lai Stream Basinis
located between 33°33' and 33°46' North and 72°55' and
73°07' East. The upper part of 161.3 km? (69%) fallsin
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In view of topography, the Lai Stream Basin might be
broadly divided into four areas. They are the Margalla
range, the higher plain, thelower plain and thevalley area
in the north to south direction. The longitudinal river
profileisshowninFig. 1.

2.2 Climate

The Study Areamight be classified as" Subtropical Triple
Season Moderate Climate Zone", which is characterized
by single rainfall season from July-September and its
moderating influence on temperature. The rainfall-
temperature pattern of the area based on the record of last
60 years, obtained from PMD (Pakistan Meteorological
Department), isshowninFig. 2.

Although rains occur in all seasons but the monsoon rain
is pronounced and constitutes a definite rain season
between July and September. Thetotal rainfall during the
rain season is about 600mm, accounting for 60% of the
annual rainfall of about 1,000mm. These monsoons bring
heavy downpours in the Lai Stream Basin, resulting in
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FIG 1. LONGITUDINAL RIVER PROFILE OF LAl STREAM BASIN
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flooding of Lai Stream and the tributaries. According to
severd study reports, flood damage broke out almost once
in every three years.

3. RAINFALL ANALYSIS

3.1 Rainfall Observation and Data

Availability

Thefour (4) rain gauge stationsline up along the eastern
boundary of the Lai Stream Basin with an order of Saidpur,
Islamabad, RAMC, and then Chaklalain the north to south
direction. The Chaklala and Islamabad Stations have
comparatively long operation period of morethan 35 years,
but the Saidpur and RAMC Stations are so new that they
started measurement only 13 and 19 years back
respectively. Locations and main features of the existing
four rain gauge stations are presented in Fig. 3 and
Table 1 respectively.

Effortswere made to collect short-time rainfall datasuch
as hourly and 3-hourly data recorded during selected
heavy rainstormsaswell asall availabledaily rainfall data,
visiting PMD Headquarters in Islamabad, Regional
Meteorological Center in Lahore and the four stations.
Unfortunately the data availability does not correspond
to the operation periods of the stations and considerable
parts of precious old data were missing or were already
lost.

The Chaklala Station is the richest in rainfall data with
daily dataof 63 years, 3-hourly dataof 38 years, and hourly
data of 26 years, followed by the Islamabad Station for
which daily and 3-hourly data are available since 1983.
TheRAMC Station hasdaily rainfall dataand self-recorder
charts of 18 yearssince 1989. The new Saidpur Stationis
the poorest with daily data of 12 years.

i . e
SE N

i ZTA

v,
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FIG. 2. RAINFALL AND TEMPERATURE PATTERN OF THE AREA
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The short-time rainfall data was initially focussed,
especially hourly data during heavy rainstorms that are
indispensable for analyses of flash floods like the 23rd
July, 2001 flood,. However, the data availability was too
low, mostly due to instrument troubles caused by such
rainfall intensities. Hourly data were available only for a
few rainstorms among the selected 53 storms since 1970.
Dueto inadequacy of the hourly rainfall data, therainfall
analyses was alternatively based on the 3-hourly rainfall
data as described hereinafter.

3.2 Rainfall Characteristics

Using the collected rainfall data, rainfall analyses was
madeto know general characteristics of therainfall inthe
Study Areain terms of duration and distribution in space
andtime.

3.2.1 Duration

To judge the general duration of rainfall, significant past
rainfall events were studied based on the records of
Islamabad and Chaklala rain gauge stations. It was
concluded from the records that the rain duration was
generally short. Almost all therainstorms ended within 12
hours.

3.2.2 Spatial Digribution

Theinvestigation of spatial distribution of storm rainfall
in the Study Areawas based on therainfall records of the
recent floods on 29th July, 1996, 27th August, 1997 and
23rd July, 2001. It is obvious that the three floods show
different rainfall distribution patterns. The 1997 flood

rainfall wasfairly uniformaong the eastern basin boundary.
The 1996 flood rainfall was biased towards the south. In
the 2001 flood, therainfal of 620.7mm at |damabad Station
overwhelmed those at the other three stations located
within aradiusof only 8 Km. The differenceswereashig
a5300-450mm.

For analysis of flash flood rainfall data with shortest
duration of measurement is ideally desired. However,
due to inadequate availability of hourly rainfall data,
the analysis was based on 3-hourly rainfall data only.
Accordingly, the 3-hourly rainfall data of the | slamabad
Station was plotted against that of the Chaklala Station
to examine correlation between the two stations as
shownin Fig. 4. The plotting scatter of Fig. 5 revealed
that no correlation exists between the two most rich
rainfall datastationsin the Lai watershed. Thus plotting
for correlation for other durations and other stations
was not focused. From the above analyses, it might be
concluded that the localization of rainfall is quite
significant and the spatial distribution pattern is
different from flood to flood.

3.2.3 Temporal Digtribution

The hyetographs were also drawn for the recent three
floods as shown in Fig. 4 to know rainfall distribution in
time. The hydrographs were based on the collected 3-
hourly data except at the Chaklala Station for the 1997
flood and at the Islamabad Station for the 2001 flood for
which hourly dataare by chanceavailable. Thesame scales
of graph axeswere commonly employed for thethreefloods
to facilitate comparison of therainfall intensities.

TABLE 1. EXISTING RAINFALL STATIONSIN LAl STREAM BASIN

Station Location Year of Frequency of
; ; ; ablishment M easurement
Latitude (North) Longitude (East) Altitude (m) Est
Chaklala 33°37" 73°06' 500 1931 Every 3 hours
|slamabad 3341 73°04' 520 1967 Every 3 hours
RAMC 33°39' 73°05' 500 1989 Three times a day
Saidpur 3345 73°04' 660 1994 Once a day
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Surprisingly intensive rainfall isfound at the Islamabad
Stationin 2001 flood. Intensiverainfall over 130 mm/hr
continued 3 hours between 1000 and 1300 hourson 23rd
July, 2001. The hourly rainfall intensity of 180mm between
1200 and 1300 hoursisthe recorded maximum in Pakistan
according to PMD. Intensity of 90mm/hr was also
recorded between 1300 and 1400 hours at the RAMC
Station during the same period. As for the other floods,
therainfall intensity was quitelower than the exceptional
2001 flood, whiletheintensive 3-hourly rainfall of more
than 25mm/hr (corresponding to 105mm in three hours)
was also observed in the 1996 flood at the Chaklala
Station and inthe 1997 flood at the Chaklalaand RAMC
Stations.

3.3  Frequency Analysisof Rainfall

Asthe spatia distribution pattern of rainfall in watershed
variesfrom flood to flood, therefore, in order to correctly
evaluatesuchrainfall inrelationto flood dischargesin Lai
Stream, basin mean rainfalls are moreimportant than point
rainfallsobserved at each station. In this sense basin mean
rainfalls were estimated based on the collected rainfall

data, and then afrequency analysiswas made to estimate
probable basin mean rainfalls for several return periods,
as.

3.3.1 ReferencePoint

To begin with, Gawal Mandi that islocated inthe middie
of the habitual flood inundation area between Gunj Mandi
and Railways Bridges was defined asareference point for
the estimation of the basin mean rainfalls. In other words,
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the basin mean rainfalls were estimated not for the whole
river basin of 234.8 km? but for the catchment areaof 199.2
km? (85% of the whole basin catchment area) upstream of
the bridge, taking it into consideration that flood
dischargesin the habitual flood inundation areaare mostly
generated by rainfallsfalling inthe 199.2 km? area. Gawal
Mandi Bridgeisvery meaningful for the conventiond flood
warning system of TMA (Tehsil Municipal Administration)
too. The water level at this bridge is an indicator for the
flood warning issuance. Once the water level rises over
the 18feet level, sirensareto beblown at several warning
postsin Rawal pindi.

3.3.2 Basin Mean Rainfall

Theestimation of basinmeanrainfall was made by applying
Thiessen Polygon Method. DivisionsfromtheLai Stream
Basin by the Thiessen polygon lines according to the
rainfall dataavailability, and the Thiessen coefficientsare
summarizedin Table2.

The collected 3-hourly data observed at the stations was
used to calculate 3-hourly basin mean rainfall datain order
to create a basin mean rainfall database for the selected
heavy rainstormsof 38 yearsfrom 1970-2007.

3.3.3 ProbableRainfalls

For the estimation of probable basin mean rainfalls, the
annual maximum basin mean rainfalls of four (4) different
durations (3,6,9, 12-hourly rainfalls) were extracted from
the basin mean rainfall database Different probability
distribution curves including the Gumbel, Long-normal,
Pearson Type 3 and L og-Pearson Type 3 weretried. From

the results, it was evaluated that the L og-Pearson Type 3
gives good fitting to all the four extreme rainfalls and
selected as the optimum distribution and data plotted for
four durations as shown in Fig. 6.

The probable basin mean rainfalls were thus estimated
through the Log-Pearson Type 3 and are summarized
in Table 3, which also shows the actual basin mean
rainfalls of the 2001 flood, the probable basin mean
daily rainfalls were additionally estimated so as to
facilitate the comparison with the obtained probable
rainfalls. Design hyetographs with different return
periods are created from these probable 3,6,9 and 12-
hourly rainfalls.

Theevaluation of the exceptional flood on 23rd July, 2001
in terms of return period of rainfall. shows that the 3,6,9
and 12-hourly rainfalls of the 2001 flood are all slightly
smaller than those of the 100-year return period, and the
flood could be evaluated at 75-90 years of return period.

4. RUNOFFMODELING INLAI STREAM
BASIN
4.1  Description of Model Set Up

Flood simulation has been made in two steps, namely
calculation of runoff from the sub-basinsand flood routing
along the rivers. Mikell software that is an integrated
software developed by DHI (Denish Hydraulic Institute)
Water & Environment for river management was used for
all the above procedures, selecting appropriate methods
for each procedure among a variety of optional methods
provided in the software.

TABLE 2. THIESSEN COEFFICIENTS

_ Number of Stations of which Rainfall Data are Available
station 4 Stations 3 Stations 2 Stations 1 Station
Saidpur 0.30 N/A N/A N/A
|slamabad 0.47 0.77 0.85 N/A
RAMC 0.12 0.13 N/A N/A
Chaklala 0.11 0.10 0.15 1.00
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FIG. 6. PROBABILITY PLOTTING OF RAINFALL FOR DIFFERENT DURATIONS
TABLE 3. PROBABLE RAINFALLS (mm)
Return Period (years)
Rainfall Data Period 2001 Flood
5 10 25 50 100 200

3-Hourly 38 Years (1970-2007) 105 134 177 216 260 311 239

6-Hourly 38 Years (1970-2007) 128 167 230 287 355 437 349

9-Hourly 38 Years (1970-2007) 146 194 272 346 435 542 401
12-Hourly 38 Years (1970-2007) 151 203 291 376 481 611 444

Daily 38 Years (1970-2007) 152 196 263 324 395 478 411

Mehran University Research Journal of Engineering & Technology, Volume 31, No. 3, July, 2012 [ISSN 0254-7821]
386




Runoff Modeling for a Watershed in Pothowar Region of Pakistan

SCS (Soil Conservation Service) curve number method
has been effectively used for runoff assessment in
the past studies on Lai flooding. This method has
been developed by USA Soil Conservation Servicein
1972. This method incorporates all the important
parameters influencing runoff generation from a
watershed such as soil, land use and antecedent
moisture conditions etc. Therefore ,in this study, the
runoff discharges from 15 sub-basins were estimated
by Unit hydrograph method based on the SCS curve
number. The estimated runoff dischargeswere further
used as inflow data to the river network for the flood
routing as shown in Fig. 7.

Y (m

ThemainLa Stream, and itsfour mgjor tributaries, Saidpur
Kas, Tenawali Kas, Bedarawali Kas and Johd Kas were
considered to build theriver network for theflood routing.
A dynamic one-dimensional flow model of Mikell that
can stimulate hydraulic phenomena more precisely was
applied to estimate dischargesand water levelsintheriver
network.

4.2  Runoff Calculation by SCS Unit-

Hydrograph Method

Thismethod isdevel oped by the USA SCSfor computing

abstraction from storm rainfall, introducing a concept of
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the CN (Curve Number). The CN represents various
runoff influencing parameters. Using the CN, the depth
of excess precipitation is calculated. The excess
precipitation is converted into runoff discharge by the
SCStriangular unit-hydrograph. Thelag timeiscal culated
from the catchment characteristics using the standard
SCSformula[19].

4.3 Dynamic One-Dimensional Flow

Calculation

The core of Mikell isthe dynamic one-dimensional flow
calculation module that is based on the 'Saint Venant'
equations. The equations of continuity and momentum
are[20]:

@

20 _aQ’/A4 gaon g0l
—+0 + +—> A

R=0 ¥
ot ox ox C

Where qisdischarge per unit width, Q isdischarge, A is
flow area, Qislateral inflow, hiswater level, Cis Chezy
resi stance coefficient (C=RY%/n), nis Manning roughness
coefficient, R is hydraulic radius, and o is momentum
distribution coefficient.

The flood routing is made along the river network
consisting of the five rivers as detailed in Table 4. Pre-
defined water levels at the confluence with Soan River
and the estimated runoff discharge from the sub-basin at

TABLE 4. RIVERSIN THE NETWORK

River Stretch Length (Km)
La Stream [Kattarian Branch to Soan River 17.5
Saidpur Kas Zero Point to Tenawali Kas 5.8

Tenawali Kas Jinnah Avenue to Bedarawali Kag 8.7

Bedarawali Kas
Johd Kas

E-9 to Lai Nullah 12.7

Golra Village to Bedarawali Kas 7.3

each of the four upstream ends are given as the boundary
data of theriver network for flood routing.

4.4 Model Calibration

Theflood on 23rd July, 2001 that could providetherichest
hydrological data, was selected asthe target flood for the
model verification, and reproduced to clarify the flood
mechanism.

Theriver cross-sectional datawasavailed from theresults
of survey by the ADB (Asian Development Bank) Project
and the JICA (Japan International Cooperation Agency)
Study. The survey by theADB Project, whichwascarried
out immediately after the 2001 flood covers the stretch
between K attarian and ChaklalaBridge on Lai Stream. In
JICA Study, the supplementary cross-sectional surveys
were conducted between October and November 2002 for
lower Lai Stream downstream of ChaklalaBridge, itssevera
tributaries and Soan and Kurang Rivers.

00 T@xpress the retarding effects by flood inundation,
Ox eradgjtian%l off-stream storage areas, of which area-elevation

data were extracted from the generated DEM, were
connected to the Lai Stream cross sections between
Kattarian Bridge and Chaklala Bridge, where inundation
was so extensive in the 2001 flood.

Therainfall dataobserved at thefour stationswere applied
for the runoff calculation of the 15 sub-basins. The basin
mean rainfalls were firstly estimated for each of the sub-
basins based on the Thiessen polygons, and the basin
mean rainfalls were input to the SCS unit-hydrograph
method.

The trial runs of runoff calculation were made until
acceptabl e accuracy was attained, changing and adjusting
model parameters including the SCS CNs and the
Manning's roughness coefficients of the rivers. The SCS
CN by land usewasfinally determined asgivenin Table5.
The roughness coefficients of all the rivers were
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determined at 0.035 for thelow water channelsand at 0.050
for the high water channels.

Fig. 8 presents the discharge and water level hydrographs
a Kattarian, Gawal Mandi and ChaklalaBridges. Asshown
in Fig. 8, the tempora variation of the water level and
discharge in hydrographs is gradual, which could be
attributed to the flood retarding effects of the river basin.
The peak water level appearsaround 1400 hoursat Kattarian
Bridge and around 1800 hoursat Gawa Mandi and Chaklala
Bridges. The duration of flood inundation around Gawal
Mandi Bridgeisestimated at about 10 hours judging from
the tempora variation of water level in the hydrograph.
These timings and the inundation duration agree with the
memories of inhabitants and officials concerned.

TABLE 5. SCS CURVE NUMBER BY LAND USE

Land Use Curve Number CN*
Agricultural Area 70
Residential Area (Densely Populated) 90
Residential Area (Moderately Populated) 75
Residential Area in the Suburbs 70
Forest (Mountain Area) 70
Forest (Flat Area) 65
Green and Grass Area 65
Water Body 100

*Under Normal Antecedent Moisture Condition (AMC I1) [19]

S10p Water Level Hydrograph (2001/7/23)
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Fig. 9 comparesthe estimated maximum water levelsalong
Lai Streamwiththeelevationsof flood marks|eft at several
bridges. It can be said that the estimated water levelsmatch
theflood marksvery well.

It is evident from the above results that the reproduction
of the 2001 flood is satisfactory enough and the established
model is considered acceptable and applicable for
estimation of the standard flood discharge.

45 Flood Simulation for Future Scenarios

Using the established simulation model, the standard flood
discharge was estimated as described hereinafter:

45.1 Simulation Conditions
4.5.1.1 Rainfall

100, 50, 25, 10 and 5-year design hyetographs with 12
hours of duration were created asshownin Fig. 10 for the
future scenario flood simulation, based on the frequency
analysisof 3, 6,9 and 12-hourly rainfalls.

4512 Land Use

The 2012 land use condition was applied for this
calculation. The SCS CNsof the sub-basinswere modified
accordingly.

3000, Discharge Hydrograph (2001/7/23)
—— Kattarian Br.
2500¢ —— Gawal Mandi Br,
------ Chaklala Br.
22000}
o
g
301500—
)
3
A 1000
500¢
Ol L
6:00  9:00  12:00 15:00 18:00 21:00  0:00  3:00

FIG 8. REPRODUCED WATER LEVEL AND DISCHARGE HYDROGRAPHS DURING 2001 FLOOD
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4513 Consideration of ADB River
I mprovement Project

The La Stream improvement project was completed in
early 2003 by ADB and Lai Stream was widened by 20-
30m. The completion of this river improvement was
premised for the flood simulation, and the existing cross
sectionsof Lai Stream that were used for the reproduction
of the 2001 flood were replaced by the cross sections

[meter]

designed for the ADB project with roughness coefficient
designed as 0.030.

4.5.1.4 Confinement of Flood Discharges in
Rivers

The additional off-stream storage areas connected to the
cross sections of the simulation model for the 2001 flood
were removed to confine all the flood water in therivers

Maximum
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FIG 9. COMPARISON OF REPRODUCED AND OBSERVED MAXIMUM WATER LEVELS DURING 2001 FLOOD
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not alowing any spillage because this future scenario
simulation isaimed to estimate river discharges under no
flood inundation.

452 Simulation Results of the Standard
Flood Discharge

The aforesaid standard flood discharges were estimated
through a model slightly modified from the simulation
model for the 2001 flood. The standard flood discharges
thus estimated at the principal reference point, namely
Gawa Mandi Bridge are compared with the probable
discharges estimated from the observed water level as
shownin Table 6.

By statistical analysis, goodness of fit was checked on
both the simulated as well as observed discharge data
sets for the five different return periods. For model
simulated values R-Square is 0.9869 and for those
observed fromwater levels R-Squareis0.9833. Therefore,
itisconfirmed that the trend of two data setsis similar.
In order to further explorethe correlation, the correlation
coefficient which isanormalized measure of the strength
of the linear relationship between two variables was
worked out for the above data. The correlation coefficient
comes out to be 1 which clearly indicatesthat thereisa
strong linear correlation between the two values; one
observed and the other simulated for the five return
periods. Therefore, it could be concluded that the values
simulated as the standard flood discharge well accord
with the val ues estimated from the observed water levels.

However, the simulated val ues obtained from model run
are slightly lower than those obtained from observed
water levelsusing the H-Q rating curve at Gawal Mandi
Bridge. After ADB improvement project, completed in
early 2003, there has been no de-silting activity so far
and bed of Lai stream has been continuously rising
mainly due to garbage dumping. Therefore, the high
values observed by water levels may be attributed to
silting up of the river bed.

5. CONCLUSIONS

0] Theexisting hydrological gauging dataincluding
the rainfall and water level datain Lai Stream
Basin is quite inadequate and less orderly
prepared, which is a great hindrance for
formulation of the flood mitigation plan in the
area

(i) The data availability of short time rainfall,
especialy hourly data during heavy rainstorms
whichisindispensablefor analysisof flash floods
likethe 23rd July, 2001 flood, istoo low, mostly
due to instrument troubles caused by such
rainfall intensities. Due to inadequacy of the
hourly rainfall data, the rainfall analysis is
alternatively based on the 3-hourly rainfall data
in this study.

(iii) It might be concluded that the localization of
rainfall is quite significant and the spatial
distribution pattern is different from flood to

TABLE 6. STANDARD FLOOD DISCHARGE BY RETURN PERIOD

Reference Point

Description

5 Years (m?/s)

10 Years (m¥/s)

25 Years (m®/s)

50 Years (m®/s)

100 Years (m¥s)

Gawa Mandi

Branch

Simulated as
Standard Flood
Discharge

390

720

1,340

1,940

2,640

Estimated from
Observed
Water Levels

490

840

1,500

2,200

3,000
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(iv)

%

(Vi)

(vii)

(viii)

flood. Therefore, basin mean rainfall is more
important than the point rainfalls for runoff
assessments.

It might be concluded from the records of
significant past rainfall events that the rain
duration was generally short. Almost al the
rainstorms ended within 12 hours.

It has been observed that Kattarian Bridgefalls
at acrucia location in the catchment because
thisisthe point at which al the tributariesjoin
uptoformthemainLai Streamand alsoitisthe
point from where the flood plain consisting of
low lying urban areas of Rawalpindi starts and
also another crucial point in the center of
severely affected urban area is Gawal Mandi
Bridge.

Gawal Mandi Bridge which is located in the
middle of the habitual flood inundation areawas
defined as areference point for the estimation
of the basin mean rainfalls. Accordingly, the
basin mean rainfalls were estimated not for the
whole stream basin of 234.8 km? but only for the
catchment areaof 199.2 km? (85% of thewhole
basin catchment area) upstream of the bridge,
taking into consideration that flood discharges
in the habitual flood inundation areaare mostly
generated by rainfalls falling in the 199.2 km?
area.

It is evident from the model results that the
reproduction of the 2001 flood is satisfactory
enough and the established model is considered
acceptable and applicable for estimation of the
standard flood discharge.

It is important to evaluate the exceptional
flood on 23rd July, 2001 in terms of return

6.

period of rainfall. The 3,6,9 and 12-hourly
rainfalls of the 2001 flood are all slightly
smaller than those of the 100-year return
period and the flood could be evaluated at
75-90 years of return period.

RECOMMENDATIONS

It isrecommended that:

0]

(if)

(i)

(iv)

(V)

Morerainfall gauging stationsin western part of
the catchment be established and at the same
time proper attention should be given to orderly

arrange the gauged data.

A water level gauging station preferably with
automatic recorder be installed at Kattarian
Bridge. Also a similar state of the art water
level gauging station be installed at Gawal
Mandi Bridge to replace the present manual
and occasional recording by TMA

Rawalpindi.

An efficient Flood Forecasting & Warning
System be established in the area to safeguard
the public life and property in the event of flood
intheLal Stream.

An elaborate flood warning code be set, taking
due advantage from this runoff model, so that
alert and evacuation warnings are issued well
advance of the high flood occurrence in urban

areas of Rawalpindi.

Based on the results of runoff modeling the
preparation of flood hazard map be taken
up for the central urban part of Rawal pindi
city for planning flood risk reduction

measures.
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(Vi)

Runoff modeling of various streams be taken up
to avert flood damages due to flash floods in
other parts of Pakistan especially in Mardan
District of NWFP, and DeraGhazi Khan District
of Punjab.
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