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ABSTRACT

Detection of floodsin west bankln Daraja and Al-Ghar Catchments

Mohammad Abu Mustafa Fares Rasras
Mohammad Mustafa WaseemFgyat
Super visor

Dr. ltissamAbuizia

The project aims to develop amodel to simulate surface runoff in the future rain in order

to overcome the problems of future surprise floods.

The study was conducted in Wadi Al-Darga and Wadi Al-Ghar, which are located in the

desert of Jerusalem.



The methodology of the research was to collect available information on soil, geology,
topographic maps, precipitation, water flow and previous studies, and to analyze rain flow data

to obtain the hydrological characteristics of the study area.

A HEC-HMS program that simulates surface runoff of water in valleys of the study area
was used so that amodel based on the physical characteristics of the area would be simulated.

Also the HEC-RAS flood forecasting and mapping program for the region.

The system was calibrated and validated through an operational perspective to test the
feasibility of developing the model

Detection of floodsin west bankln Daraja and Al-Ghar Catchments

Mohammad Abu Mustafa Fares Rasras

Mohammad Mustafa WaseemFgyat

Super visor

Dr. ItissasmAbuizia
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Chapter One Introduction

1.1 Background

Water resources in the West Bank, Palestine are scarce. Thisis dueto the fact that, geo-
graphically, the West Bank islocated in arid to semi-arid region. Therefore, societies in the West
Bank are very vulnerable to variability of water resources availability. This vulnerability is
caused by the strong constraints on the use of natural resources due to limited and low reliable
water resources availability in addition to an often high population density and growth rate. The
population is strongly dependent on these resources with few short-term options to reduce such

dependency.

The existing political situation adds another constraint to the availability of water re-
sources in the West Bank. Water is one of the most essential elements vital for human well-
being. It isamain factor in most domestic, industrial and agricultural activities. In the West
Bank, rainfall averages 450 mm per year, with area of 5,879 kmz2, this gives an average total of
about 2,600 million m3 of rain per year. Around 680 million m3 of thisis estimated to infiltrate
into the soil to replenish aquifers, the remainder becoming surface runoff or lost through evapo-
transpiration (WRAP, 1994). Unfortunately, Palestine suffers from shortage in water resources
quantity and quality.

It isimportant to understand these water resources, their distribution and use as base for
assessing the deficit in the different sectors and to propose solutions and methods that may help
in mitigate these obstacles .on other hand, the political issues between Palestinian and Israglis
according water crisis are still increasing the water problem in Palestinian territories. mainly
from rainfall stored in aquifers (although 75% of the to-tal rainfall evaporates), but some return
flow from irrigation, sewage effluent, and water leakage from pipes. Some 80% of ground water

isexploited by Israel, accounting for 25% of Israel’s water needs.

In watershed modeling, if we consider water quantity and water availability, traditionally,
simulating the relation between precipitation and discharge at the catchment’s outlet should be
carried out. Rainfall-runoff modeling isamajor part of thisjob. Therefore, rainfall-runoff model-
ing is considered a standard tool routinely used today for the investigation and application in wa-
tershed hydrology.
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Chapter One Introduction

This research study aimsto gain an understanding of the hydrological processes (rainfall-
runoff) in arid and semi-arid watershed. Thisis achieved through the modeling of rainfall-runoff
process in the study area (two watersheds in Jerusalem Desert) which is characterized as arid to
semi-arid region located in the southern West Bank, Palestine. Nowadays rainfall-runoff model-
ing is considered a standard tool normally used for the investigation and application in watershed
hydrology. In this study, surface runoff, process-oriented modeling techniques (HEC) integrating

existing scientific results have been applied.

1.2 Objective

The objective of this research is to determine the quantity of surface runoff in the Judean
desert that flow to Dead Seain arid and semi-arid environment of the West Bank, Palestine. Dar-
ja and Gharwadis catchments which are both of the catchments contributing to the Dead Sea ba-
sin are the focus study areas in this research study. The HEC model is to be used in this research

to evaluate the availability of surface water

Resources in the both wadis. Such evaluation can be utilized in the development of best
management practices that can be adopted to manage the scarce water resources in the Judean
terrains and lead towards understanding and managing the regional water resources in the Dead
Seabasin. In light of the above, the general objectives of this research can be summarized as fol-

lows:

1. To collect high quality rainfall and runoff data in high temporal and spatial resolution
for hydrological modeling;

2. To collect relevant model parameters for HEC model. These include infiltration characte-
ristics of different terrain types and GlS-parameters for the runoff generation routine and
channel routing routine of the mode!;

3. To apply the HEC( HMS and RAS) model for selected single rainstorm events followed
by continuous simulation for the entire rainy seasons,

4. To assess the total available surface water in both watersheds and generate flood hazard
maps for the both study aress.

5. To develop proper surface water management options for the most efficient water under
present and global climate change induced conditions based on the assessment of total

available water resources in both catchments.
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Chapter One Introduction

1.3 Problem Statement

The result of limitations of hydrological measurements equipment's, and the fact of ina-
bility of having sufficient knowledge about watershed hydrology processing according to time
and space are considering the motive force to utilizing models. In addition the model application
should improve the decision making about hydrological problems. By the way surface runoff and
flash floods are not caused particularly by meteorological phenomena: heavy rainfall is neces-
sary, but flood generation also depends on the physical watershed characteristics and the hydro-
logical response of it during the event. Flood generation in the study areas is becoming a serious
threatening process due to recent human and infrastructure losses, while, the area suffering from

lack of flood forecasting system.

The transformation of precipitation to surface runoff (sometimes flood) and flow into
channelsis ahighly complex physical process. A common practice isto use a hydrological mod-
el to represent watershed processes. They offer a wide range of complexity and data require-
ments, and various degrees of technical support and training, however little attention has been
given to the task of short-term flood forecasting .

The modeling generation depends on the prediction objective, geographical and environ-
mental factors, climatologically, physical watershed properties as well asinstitutional capabili-
ties. Every hydrological model requires the following: determination of the amount of rainfall
participates in hydrograph formation, and the distribution of that runoff in time, to form the
shape of the storm hydrograph . Therefore, efforts should be done to select the model that fit
proper to the parameters and conditions oft he watershed to cal culate discharge, hydrograph and
rainfall hyetograph that can help to predict flood occurrence under similar conditions. By utiliz-
ing a GIS based approach in rainfall runoff modeling to use of different land use patterns espe-
cialy in regions with different styles of land use features and different soil types. Therefore, the
selection of surface runoff generation and estimation instrument needs to be based on a systemat-

ic approach .

Many models available and utilized in such areas, HEC-HM S is model widely applied for
estimating streamflow. Hence HEC HM Sisfit more to similar catchment hydrological response,
according to many researchers .Modeling efforts will concentrated at the watershed scale and
aimed to understand the processes responsible for rainfall runoff and flood formation at different
gpatial and temporal flow towards Dead Sea, the soil erosion from the headwater of each catch-

ment and the interception processing during the storm among the watershed surface. HEC-RAS
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Chapter One Introduction

is hydraulic model that will be utilized to derive flood forecast system and flood hazard map for

the study areas.

There will many obstacles that faced the processing of modeling surface runoff such as :
In general, the spatial variations of rainfall occurrence in the arid area. Beside that shortage in
rain gauges among the study area. Rainfall in arid regions tends to be less and more variable in
time than in humid regions, and long sequences with very little rain are common in many re-

gions.

In most such catchments, evaporation from bare soil considered a greater importance rel-
ative to transpiration from very few plants occurrence, because the wider areais aready bare soil
and the frequency of small rainfall events which allow bare soil to build up soil crust formation
that strongly assist in water runoff generation and help in return water to the atmosphere rather

than percolation .

1.4 TimeTable

The time schedule in table (1.1) shows the stages of developing theoretical work and
the process project that includes (literature review, organizing the scope, data collec-

tion, and the final presentation).
Table (1.1) Time Schedule for this semester.

Weeks
Tasks
Project idea
literature re-
view
organizing the
scope
Data collection

Presentation

TaskWeekS 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
s

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

literature re-
view
organizing the
scope
Data collection

Presentation
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Chapter One Introduction

1.5 Resear ch Questions

Follow up to the above objectives, afew questions are raised.

1
2.

What are the active runoff generation processesin arid and semi-arid regions?
What is the best hydrological model that can be used to assess the runoff generation

process in arid and semi-arid regions?

Which data should be collected and how to acquire datain the fieldwork period? What is
the quality of the data (spatial data and attribute data)? If data availability isinsufficient,
how to generate synthetic data?

How can we provide improved estimations of watershed initial conditions (e.g., soil
moisture, infiltration rate, Manning coefficient, hydraulic conductivity)?

What isthe optimal set of the input model parameters required to apply the HEC HM S
and HEC RAS models?

What is the potential for the spatialy distributed HEC HM S and RAS model set up for
watershed outlet ssmulations to generate hydrographs at interior locations for flood fore-
casting?

How do we characterize the HEC HM S and HEC RAS models uncertainties?

How can we use the HEC HM S and HEC RAS modelsin ng the runoff generation
under land use and climate changes scenarios?

What are the proper water resources management options for the most efficient water use
in both catchments?

1.6 Justification of theresearch

No laboratory experiment, and insufficient techniques available that can be utilized in

which the difficulty and complexity of a natural hydrological system is enough replicated, so re-

searchers focus on development of simulation models fit to arid catchments hydrology

processing.

The problem in Rainfall-Runoff modeling appears from the combination of the complex-

ity of a catchment system and the difficulty to properly and quantitatively collection the informa-

tion that is available about it . Another, reason to modd the rainfall runoff transformation is for

forecasting purposes, in order to improve the quality of decisions related to flood risk manage-

ment iSsUes.
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Chapter One Introduction

The purpose of this project is to improve understanding of hydrologic processes in the
catchments of heterogenic soil type in the study area. The hydrological response, in such condi-
tion of catchments and the potential hydrology were not yet properly understood. Hence model-
ing the hydrology of watersheds is required for effective rainfall management purpose . Rainfall
is the primary hydrological modeling input, but rainfall in arid and semi-arid areas is commonly
characterized by extremely high spatial and temporal variability, while rainfall data for this study
will based on radar data based (for both catchments).

Most records available are of relatively short length, and high intensity. Rainfall-runoff
models are becoming an important tool for estimating flood hydrographs and discharge. There
are several advantages to choosing the HEC-HMS and HEC RAS models for this study. The
graphical user interface (GUI), . The models require different datasets including Digital Eleva-
tion Model (DEM), weather data, soil type, and land use.

HEC-HMS and HEC RAS models provides almost all of the same simulation capabili-
ties, but has modernized them with advances in numerical analysis that take advantage of the
significantly faster desktop computers available today. It also includes a number of features that
were not included in other models, such as continuous simulation and grid cell surface hydrol o-
ay.

Huge quantity of flooding water goes down to Dead Sea without any utilizing, despite of
the importance of water resource management according to both neighbors Israel and Palestinian
territories. Moreover, most flood generation studies and descriptions of watersheds generate
them have not yet been conducted for severa reasons: (i) Lack of awareness of the importance in
monitoring floods (ii) cost of flood monitoring devices (iii) difficulty of securely installing mea-
surement devices within the study area and (iv) the difficulties of access to those watersheds
during the events it's self. Even in the rare cases where gauging stations exist, measurement
problems may occur during intense flood events, reducing the quality and completeness of the
data.

The main purposes of surface runoff and flood studies by applying modeling include:

® Protection of lives and catchment properties (wildlife, green cover and soil).
® Hood forecasting and risk management.

®  Proposed suggestions for the optimized surface runoff/flood investigation.
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Chapter One Introduction

1.7 Resear ch Objectives

The main target of the project isto develop an integrated modeling methodol ogy based
on two watersheds monitoring and experimentation at two sites. The main components of the

project are:

1. Geographica information system (GIS)-based rapid assessment of climatology parame-
ters, catchments physical properties and soil hydrologic parameters,

2. Radar based rainfall data for both catchments

3. Integrated model development using watershed level parameters and distributed parame-
ters

4. Estimate the water quantity that flow from surface runoff in the study area from each sub
basin and from the outlet of each catchment towards the Dead Sea.

The study was intended to investigate the hydrology of each catchment using physically
based, conceptual, computationally efficient and distributed model HEC HMS version 4.2.1 to
access the heterogenic hydrological response from each catchment. Therefore, understanding the
hydrological processes of each watershed is vital to make decisions on flood and surface runoff
generation. Runoff is one of the maor hydrological responses of the catchment which isrelated
with rain water |oss.

The aim of this study was to develop a new framework of rainfall-runoff model applica-
tionsin such arid catchment with both models (HEC-HM S and HEC-RAYS) input data include
soil type, land use/land cover, and slope and other. The scientific objectives of the research plan
are to develop amethodology of stream flow modeling in heterogenic watershed by investigating
radar based rainfall data, tomography and other physical characteristics of each catchment. The
specific objectives of the research plan are to:

1. Critically analyze the selected models’ performance in the heterogametic hydrologically
response of the heterogeneous soil type in each study area,

2. Develop relationship between rainfall- runoff processes.

3. Estimation of the surface runoff volume, hydrograph, rainfall hyetograph and flood peak
for the study area.
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2.1 Kilsby et al, 2005

[llustrated that there are two obstacles have been raised according to changes in rainfall threat-
ening the water resources of the West Bank. The first is the effects of global warming. Hence the
current predictions from General Circulation Models (GCMs) are for significant decreases in an-
nua rainfall over the region by the 2050s. The second concern was raised by recent studies of

rainfall over Israel, which have shown evidence of a decreasing trend in annual rainfall.

The trend is characterized by a decrease in rainfall over northern Isragl, and an increase
in the more arid south. But it isnot so clearly to consider thisimpact on west bank, where insuf-
ficient observational data from the West Bank have been used in the studies to date and the re-
gion lies between the zones of most marked increase and decrease. SUSMAQ program aims to
estimate the impacts of possible changes in rainfall regime on groundwater resources, to build up
guidance for the sustainable management of the groundwater resources of the West Bank. This
needed many processing such as rainfall data Collection and analyzing and regiona climate
trends and variations relations and its impact on variable topography; and estimation this impact

on variation on therainfall trend in the area and GW recharge.

The researchers did not put forwards a rea estimation or quantifying the amount of rain-
fall decreasing and evaluate the value of decreasing in surface runoff in West Bank. Rainfall in
west bank exposed to different forms when reached the land surface evaporate, transpiration
Jinfiltrate to groundwater or participate in soil moisture besides to certain amount that runoff on

surface.
2.2 Mizyed, N., 1997

In a study concentrated on springs discharging to the Dead Sea drainage systems which
are fewer than those discharge to the Mediterranean drainage systems from west bank side . the
interested on two main discharge areas are the Feshkha group and EinGedi. He studied the che-
mistry of water discharging from both sources ,the former is extremely complex involving re-
charge by local rainfall into the Quaternary Conglomerates bordering the Dead Sea, discharge
from both the confined and phreatic sub-aquifers as well as from the much deeper waters of the
Nubian Sandstone aquifer and from possibly juvenile or conante waters of sedimentation. Resi-

dency timein the phreatic aquifer is about 40 years from recharge in the
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Hebron Mountains to discharge into the Dead Sea, with salinity increasing eastwards. There
seemsto be little intrusion by Dead Sea water. The more ancient waters, emerging from as deep
as 2.5 km, making use of the mgjor fault lines as conduits, may be about 25,000 years old, and
thus significantly increase the salinity of the Feshkha discharge . While EinGedi, springs emerge
above the clay/mar| layer at the top of the Y atta Formation.

Residency timein the phreatic aquifer hereis about half that of the system and maintains
such ahigh quality that the water is bottled and sold as mineral water. The researcher focused on
groundwater quality and explained the recharge processing method for both springs .One of
EinGedi groupsisfed from Ghar catchments and did not mentioned the surface water rolein re-
charging of these springs. On the other hand Dayan et a,2006 discusses and explained the fac-
tors effect the flood formation and its impact on water of the study area such lows pass the area.
He suggested that the drop in Dead Sea water level was caused by diversion of 90% of the total
flow that would have reaches the Dead Sea from the Jordan River by Israel, Jordan, and Syria.

The annual evaporation of thislakeis 1500 mm and varies with the salinity at the surface
of the lake and freshening by the water inflow. The drainage area of the Dead Seais 43,000 km2.
Additional contributions come from both rift valley escarpments to the east and west of the basin
and from the large southern part of this drainage basin. Intensive rainfall in the southern most
parts of the drainage basin is generated yearly accounting for most of the major floods over the
southern Dead Sea watershed, occurs mainly during fall and penetrates from the south. In ex-
treme cases, rain intensities at the rain cell cores may exceed 100 mm h—1, totaling up to afew

tens of mm in rain depth, and cell core areas can reach hundreds of square kilometers.

The storm was accompanied by thunder, gale, and hail. The storm flooded several catch-
ments within the Dead Sea basin. Although the convective storms are the typical fl ash flood—
producing rainstorms in the region, there are cases in which alarge amount of widespread, low
intensity rainfall can cause floods aswell. Wadi Al-ghar catchment at the western escarpment of
the Dead Sea recorded the highest flow in twelve years (1983-1984 to 1994-1995). In this ar-
ticle, the authors describe the conditions that may affect flood formation in dead sea basin and
insist that the main flood source is from southern area, in addition they don’t quantify the volume

of each surface water sharing in each flood processing.
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2.3Dahanetal ,2007

Puild up their study in the central Arava valley, this experiment was only ‘‘technical and
qualitative’’,it is presented there because some of its results shed light on very important aspects
of the infiltration process, and help to explain some of the results from the larger-scale infiltra-

tion experiment.

Theinfiltration and recharge were continuously monitored in al three hydrological do-
mains participating in the infiltration process, the surface water, the vadose zone and the
groundwater. Water level and EC were monitored in the groundwater while water content of the
vadose zone was monitored using FTDR probes (detectors). Infiltration was estimated by various
methods, including surface water 10ss, ring infiltrometers, waterfront propagation velocity
through the vadose zone, and groundwater-level responses to the flood event. Major differences
in flow velocities, fluxes and groundwater recharge rates were found between the various estima-

tion methods and flooding conditions.

Theinfiltration rates and flow velocities estimated by the various methods in all moni-
tored flooding events. This experimental system makes use of a new technique for installing
flexible time-domain reflectometry probes for continuous monitoring of the vadose zone mois-
ture profiles. Water infiltration was monitored in controlled infiltration experiments and during a
natural flood. The monitoring setup allowed real-time tracking of the wetting- front propagation

velocities and assessment of water fluxes through the vadose zone.

The results revealed a complex infiltration process that includes matrix and preferential
flow together with lateral flow. This study quantifying the surface water loose by different hy-
drological processing in the area, and don’t mentioned the total surface water that remain to flow
to Mediterranean sea, but techniques used in this study may be helpful in our study to estimate

water looses throw surface water flow to dead seain both catchment.
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2.4K ahana,et al(2002)

Studied the meteorologica data which has direct impact on flood formation and classi-
fied the atomaospheric conditions that help in flood formation. Produced alarge hydrologic data-
base of the mgjor floods in the Negev. This database dictated the sel ection of synoptic data and
allowed to identify the atmospheric circulation associated with each extreme hydrological event.
Categorized the floods into synoptic classes by manual classification, which yielded four ‘synop-
tic types’ each of which has unique characteristics in both weather elements and features of the
resulting floods, such astheir intensity, seasonality, and spatial distribution. data were collected
from 37 hydrometric stations operated by the Israeli Hydrological Service.

The data were processed and displayed by the Grid Analysis and Display System
(GrADS). The selected window, of 408 grid points, encompassing the eastern Mediterranean and
the northern Red Sea areas, extends between 0-60 °E and 20-60 °N. A flood in which the rec-
orded peak discharge reached the magnitude of a5 year recurrence interval (20% annual proba-
bility) in at least one of the hydrometric stations was considered a ‘major flood’. The determina-
tion of the 5 year discharge threshold for each hydrometric station is based on the event-based
regional model of the Israeli Hydrological Service and was calculated for 23 stations which have
been in operation for over 10 years. Fifty-two major floods were selected. GrADS.

Data were compiled and studied for 52 floods for the period 1965-94, with peak discharge above

the magnitude of 5 year recurrence intervals (Rl >5 years) in at |east one drainage basin.

2.5Al-K har absheh et al (2004)

Claimed that there are two types of catchments, fan shape and fern leaf catchments. The
fan shaped catchments give greater runoff, because tributaries are nearly of the same size and
therefore, time of flow is nearly the same and is smaller. Whereas in the fern leaf catchment asin
most of the studied catchments, the tributaries are generally of different lengths and the time of

concentration is more as the discharge has to travel longer distance.

A number of mgjor wadis drain into the Dead Sea without utilization. These wadis are
characterized by narrow to wide shallow flow-beds with relatively high slopes. To monitor ru-
noff five gabions were constructed and equipped with automatic water level recorders. The
losses in precipitation are due to various causes, some of them evaporation, transpiration, and
interception. Evaporation from water bodies and soil masses together with the transpiration from

vegetation is termed as evapotranspiration.
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There are three general methods commonly in use for measuring evaporation, which are
mainly indirect methods: measurement from evaporation pans, such as Class A Pan, whichis
used in this study experiment, water budgets and corrections with climatic data (Experimental

Formulas).

The rate and quantity of water that infiltrates into the ground is afunction of soil type,
soil moisture, permeability, ground cover, drainage conditions and duration of rainfall. It iswell
known that when water reaches the surface of a soil, a part of it seepsinto the soil. This move-
ment of water through the soil surface is known asinfiltration and plays a significant role in the
runoff process. Hence, infiltration is the primary step in the natural ground recharge. Sediment

thickness and volume was measured in the area.
.6Y omtovian (1982)

Ilustrated that simplified computational techniques of hydraulic analysis used to deli-
neate flood plains with acceptable degree accuracy. The results indicated that when both the
simplified manual and complex computer hydraulic computational techniques are applied to 3-
creeks Apple, Burnt and Hay-in North Dakota the flood plain boundaries computed by both me-
thods are preferred for determining the 10 t0100 years flood eval uation.

The mathematical model such as HEC-2 or the national weather service Dam Breat mod-
el, are recommended for the detailed studies which require an accurate knowledge of the flood

elevations.
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3.1 Study area

The study will be executed for two catchments located in the Judean Desert near the lake
of Dead Sea, both generated surface runoff towards Dead Sea; they are Darga and Al-ghar cat-
chments, with the total area 308.68 Km2. Both of them have variable climates according to the
elevation and both are with an elongate elliptical shape, characterized by mountains and hilly

area, narrow valleys and deep canyons.

The study areais divided into semi-arid, arid and hyperarid regions with more than six
rainless months per year. Rainfall variables occur from season to season, and decrease from west
to east, with times of many year droughts or near drought interrupted with intervals of heavy rain
events (Zaide, CSD-16/17).

Some characteristics that describe the study area as mostly arid catchments are: Stream
flow characterized by absence of base flow and flash-floods during infrequent high-intensity rain
events, high evaporation rates, and highly-localized spatial rainfall distribution (Wheater et
al1991), where the storm rainfall correlation coefficient decreases rapidly with downward east-
ern distance. (see the topographic map of the study area, map (1), )and finally, the area with
sparse plant cover and organic matter (Pilgrim et al 1988).(Osborn et a 1979).

The area distinguished by topography with high gradient within short distance started
from upper stream in west towards downstream in east, the rainfall, and decreased in the same

direction, while the temperature increased.
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Figure (3.1) Topographic map of the study area

The land cover of the study area has a major impact on the surface runoff generation and
the land use with low percent (housing, roads, and farming) in the upper headwater, while most
of the land with spare plant covers within few weeks after rainy days and alittle bit of pushes
and trees distributed mainly around the channels of the streams.

The soil of the study areais subdivided in two types: mountainous soil and desert soil
(Morin et al, 2006), The mountainous soil in both catchments covers the area 182.305 Km2 with
percent of 59.06%, and most of it comes from Arugot, and the desert soil in both catchmentsis
126.38 Km2 , with percent of 40.94%. area. The soil structure can be categorized into: terraros-
sas, brown rendzinas and pale rendzinas is available in the upper catchments among the moun-
tains of Hebron and Jerusalem.

And the mountains soil majority in the study area is brown rendzinas and pale rendzinas,
with small spots of soil of pale rendzinas in the Darga catchment. In the middle distance of both
catchments, the dominant soil is brown lithosols and loessial serozems. Finally at the foot hill of
the downstream area near the shore of the Dead Sea there bare rocks and desert lithosols.
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Figure (3.2)soil structure distribution among the study area

3.1.1Daraja

Itislocated in Judean Desert at the position of Elevation in the upper stream: 885 m
above the sealevel with coordinates x: 35.15, Y: 31.71 Decimal Degrees, and the elevation of
downstream is— 413 m below the sealevel with coordinates: X: 35.42 and Y: 31.56 Decimal
Degrees. The upper North point limit border is located on 762.40 m above the sea level with
Coordinates: X: 35.23 and Y: 31.75 Decimal Degrees.

The longest distance between upper and lower point from east to west for Dargjais 29
Km and the longest distance of its width from south to north is 12 Km. The total areaof Dargjais
74.32 Km2 , with 13 subbasins. According to Dargja catchment, the mountainous soil covers
34.63 Km2 with percent of 46.60%.
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3.1.2Al-Ghar

Itislocated in Judean Desert the elevation of upper stream is located on 929.20 m above
the sealevel with coordinates X: 35.10 and Y: 31.65 Decimal Degrees ,and the elevation of
downstream is -435.20 m below the sealevel and the coordinates are: X: 35.40 and Y: 31.46 De-
cimal Degrees.

And the elevation of the south point border at upper limit islocated at: 985.20 m above
the sealevel and with coordinates of X: 35.10 and Y: 31.57 Decimal Degrees. The longest dis-
tance between upper and lower point from east to west for Al-ghart is 35 Km and the longest dis-
tance of its width from south to north is 13 Km, and the total area of Al-Ghar is234.36 Km2,,

with 15 subbasins.

The dominant soil typein Al-Ghar is the mountainous soil, which covers about 147.68
Kmz2 , with the percentage of 63.01%, and contains ten subbasins from 1 to 10, and the desert
soil covers about 86.68 Km2 , with the percentage of 36.99% and contains 5 subbasins from 11
to 15.

3.1.3 Climatology of the study area

The western basin of the Dead Seais span from the water divided through Hebron and
Jerusalem Mountains in the west and the Dead Seain the east. Thisbasin is subdivided to many
catchments discharge their surface runoff towards the Dead Sea , (Arad, 1964). The study areais
described as mostly arid catchments (Wheater et al ,1991),where the storm rainfall correlation
coefficient decreases rapidly with downward eastern distance, (Pilgrim et a 1988).(Osborn et a
1979), and decreased from north towards south in the study area. The temperature of the study
areais going in opposite direction to rainfall pattern, decreased from west to east and from north

to south.

Most of thisregion is classified as arid or semi-arid climate, while the basin headwaters
experience wetter conditions of mountainous M editerranean climate. Mean annual rainfall over
the study region varies from 450 to 30 mm (Morin et al, 2012), but Tahal Group and Geol ogical
Survey of Israel and associates (2010), reporting that the upper stream areas with larger amounts
(500 mm/yr - 600 mm/yr) with the approach to the Hebron and Jerusalem mountains in the west
and the region of the downstream is characterized by a desert climate with a small amount of
rain, about 100 mm/yr in the vicinity of the Dead Sea, ( Tahal Group and Geological Survey of
Isragl and associates (2010)).The study areais characterized by a dry Mediterranean cli-
mate.(Laronne et al,2007).
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In general, the climatic regimes of the Dead Sea basin, including the western tributaries
span from a Mediterranean climate in the north and west at the upper headwaters of the tributa-
ries, asemiarid climate among them, to an arid climate near the Dead Sea shores (Morin et al,
2006).

According to the information based upon the Israeli Hydrologic Service’s measurements
at various hydrometric stations in the region up to the years 2009, the total mean annual contri-
bution of the western wadis (catchments) was estimated to be within the range of about 6 MCM
as an annual average( Tahal Group and Geological Survey of Isragl and associates ,2010). La-
rone et al (2007) wrote in their paper that in many cases theses catchments generate floods from
events caused by Red Sea Trough and (RST) and cyclone system.

The major flood events caused by (RST) in Dead Sea catchments occurred in Dargja cat-
chment in the hydrological year 1995/6 and 1998/9 with total flood volume 12.4x 106m3
and20.7x 106m3respectively. In contrast, some major floods are caused by cyclone systemsin
the study area for example in Al-Ghar catchment , in the hydrological year 1980/1 and 1992/3
with total flood volume 3.01x 106m3 and 2.44 x 106m3respectively and for Dargja catchment in
the hydrological year 2001/2002 with total flood volume 0.399 x 106m3(Larone et a.2007).
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Figure (3.3) study areawith rainfall distribution, rainfall stations (black dots),
channels, and soil typein the area, after (Morin et a, 2009).
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3.2 Maps

ing gis.
1.

After getting data from the geomolg site for the region, we made the following maps us-

Geology ,The geology of the study areas consist of four different rock categories such as
allbian ,cenomanian, lower cenomanian, senonian, and Turonian stratifications, these
rocks variant in rock structure hardness and configuration. Fig. (3.4).

Land cover , Land cover in the study areas isrefer to terrestrial superficial which may
cover by grass pushes, trees forests and water bodies and other biological living compo-
nents, in addition to other bio classification that illustrated in the land cover map. Fig.
(3.5).

Rainfal , Rainfall eventsis correlated to the quantity of rainfall per area. Rainfal in the
study areasis variable temporally and spatially and this related to different aspects such
as. therainfall intensity and quantity is decreased from west to east and from north to
south the trend in decreasing of rainfall related to the decreasing in the land elevation.
Therainfall in the study areas extended from O mm to 1000 mm. Fig. (3.6).

Rocks ,Rthe study areas contains different sort of rocks and each rock consists of certain
mineras and therefore there are sedimentary, metamorphic and igneous . Fig. (3.7).

Soil ,Soil available on the study areas above the rocks, the soil formed by rock fragmen-
tation due to the weathering processing that affect the soil characteristics. In our study
areas the soil can be classified into five soil groups as illustrated in the soil map . Fig.
(3.8).

Strems ,the study areas are two catchments consist of water flow channelsin stream
channels from the upper stream. The water is flow through streams towards the outl et
near the dead sea. Fig. (3.9).

Tempreture, the study area remarked by variability in temperature. It is various tempo-
rally and spatially through the study areas in both catchments. The temperature has trend
to increase with respect to the land elevations, it increase from west to east and has the
maximum value around the outlet near the Dead Sea peach. The temperature has maxi-
mum values during summer months mainly in July and august and minimum values dur-

ing December and January average extended from 5 C to 35 C. Fig. (3.10).
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8. Topography ,It is an expression concern with the land superficial including valleys,
mountains, hills, flat plains and plateaus.it has essential roles in defined the site characte-
ristics such asrainfall, temperatures, grazing lands and agricultural regions, the study
areas have been classified and subdivided into zones based on the elevations, the eleva-
tions extended from 127 m below sea level to more than 990 m above sealevel. Fig.
(3.12).

9. Waélls,The source of water in both catchmentsisrainfal, which offer water to the area.
The hydrological cycle in the study areas can go into different forms. Some of the water
will evaporite and back again to atmosphere, some will go into surface runoff and gener-
ate stream channels flow and may compose flood. While the rest will percolate to
groundwater through the rock layers to feed groundwater basin in the area. Recently the
groundwater utilized through construct groundwater with 5 wellsin Dargjaand 6 wellsin
Al-Ghar. Fig. (3.12).

3.3Methodol ogy

The research methodology will try to achieve the research purposes and reply to the re-
search questions. The methodology involves collection of primary and secondary data. The sec-
ondary data would be derived from books, journals (literature review), archival satelliteimages
andinternet literature review. Many scientific articles from scientific journal's, and some books
and Master theses have been collected. All of them are about surface runoff hydrology and mod-

eling processing discussed some methodol ogies and results of these studies.

The primary data will include field observation in order to draw up cross sectionsin se-
lected points among the stream down ward and estimate discharge during general surface flow

and the discharge at that point during the flood processing.

We will measure and cal culate the bankfull area and floodplain area per event by deter-
mination of the wetted area and radius of the channel, beside to determine the water velocity
among the channel. The amount of runoff and the discharge of streamflow are related to the rain-
fall distribution, the rainfall rate and the duration of high rainfall ratesin the drainage basin
(NRC, 2005).
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The methodology would be divided into the following steps:

®* Radar based rainfall data collection and analysis,
® Discharge dataisrequired for model calibration and verification.
® Soil data collection, measurements and recording data, photos and images.

® Manning’s roughness constants for both channels and hill slopes, manning's equa-

tions and othermathematical equations needed, Excel document.
* Satellite imagery processing and analysis(Geomolg, and GIS),

® Field observation and visits to monitoring the stream down ward each catchment,
measurementsfor stream channels factors to sketch out cross sections in certain se-

lected | ocations among bothstream channels.

® Software of both programs (HEC HMS, and HEC RAYS): training, calibration, valida-
tion andapplication.

® GlISdatafor modeling and for collection the physical parameters of each catchment.
® Applications of model processing, analyzing, comparison, modified, and results.

® Findly , discussion, conclusion, recommendations, and printing out of the disserta-

tion as aresearch.
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4.1 Work data

The work data is divided into three types: the information on the study area, the geographi-

ca data of this area and the data on the software used.

4.2 The software used

We have the HEC software family (HEC-HMS, HEC-RAS and HEC-GeoRAS) which are
free products from the Hydrology Engineering Center within the US Army Corps of Engineers.

4.2.1 HEC-HMS

HEC-HMS is designed to simulate rain-flow processes. It is designed to be applicablein awide

range of geographic areas to solve as many problems as possible.

fd
HEC-HM54.2.1

Figure (¢.1) HEC-HMS logo

HEC-HMS is a semi-spatial model that subdivides awatershed into several parts, called
sub-basins, which are considered to have homogeneous characteristics. It is particularly well
suited to simulate the hydrological behavior of non-urban watersheds. HEC-HM S also makes it

possible to simulate and incorporate tanks and bypasses.

The HEC-HM S hydrologic model includes a graphical interface, capabilities for data
mani pul ation, management and storage, as well as display and printout capabilities. It follows
the hydrologic model HEC-1, the Flood Hydrograph Package developed during the 1970s, which
is still today the most widely used hydrological model in the United States (EL JAKANI, 2011).

The HEC-HMS hydrological model was developed by the U.S. Hydrologic Engineering
Center (HEC). Army Corps of Engineers (USACE). A detailed description of HEC-HMS and its

complete documentation can be found on the USA CE website (http://www.hec.usace.army.mil).
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The Tool has a special module to manage the calibration operation very satisfactorily:

By allowing to select the sets of parameters and their domains of variations.

Providing graphs and tables of comparisons.

4.2.2 HEC-RAS

HEC-RAS, the Hydrol ogic Engineering Centers River Analysis System, is a computer

program that models water flow hydraulicsin natural and man-made streams.

&

HEC-RAS 5.0.7

Figure (£.Y) HEC -RASIogo.

The model used by HEC-RAS is one-dimensional. This means that there is no direct model-
ing of hydraulic variations due to changes in cross-sectional shape, elbows, or other aspects of a
2D or 3D flow.Like HEC-HM S, HEC-RAS was devel oped by the US Department of Defense
(United States Army Engineers). The purpose of its elaboration is to manage the rivers, ports and

other public works under their jurisdiction.

HEC-RAS has been widely distributed around the world since its publication in 1995. It a-
lows hydraulic engineers to analyze flows in river beds and determine flood zones. It integrates
many data entry methods, hydraulic analysis components, data storage, table and graphical report
editing. (Wikipedia, 2013)

HEC-RAS has extensions on other programs:
AutoCAD, RiverCAD: functions for importing Digital Terrain Model (DTM) files from
AutoCAD.
HEC-GeoRAS: Dataimport / export module compatible with ArcGIS software. In the

following paragraph we will present this extension that we will use in the case of our
study.
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4.2.3HEC-GeoRAS - ArcGI S

HEC-GeoRAS is a set of procedures, tools, and utilities for processing geospatial
datain ArcGIS using a graphical user interface.

RAS Geometry~ RAS Mapping = 51 S 11 f e O

Figure (£.Y) Extending HEC-GeoRAS on ArcGIS 10

The HEC-GeoRAS interface on ArcGIS allows the preparation of geometric datafor im-
port to HEC-RAS and allows the display of the simulation results of the processes exported from
HEC-RASto ArcGIS.

We will use this extension to represent the elevation data calculated on HEC-RAS. The
final result of this representation is the flood hazard map which is the objective of this

study.Subsequently, we will present the methodology followed to arrive at our results.

4.3The methodology of the study

The objective of thiswork is to establish a system that can model and map the future ha-
zard, from the rain forecast. To do this, we will follow a well-defined methodology. We begin by
giving ageneral presentation of this methodology which will outline the major steps that we will

follow. Then we will explain in detail each of these steps.
4.3.1 General presentation

For this study, we chose hydrological rainfall-flow modelsto model the flood formation
process. This step will be followed by the calculation of the altimetry level of the watersin the
area concerned. Thiswill map the flood areas where the risk isincreased.

Aswe explained in the previous chapter, severa hydrological models exist depending on the

study area, the data available to us, our experience, etc.

In the case of thiswork, hydrological rainfall-flow modeling was chosen. It will be per-
formed by the HEC-HM S software, which gives access to severa modeling possibilities.

Asfor hydraulic modeling (flow-€elevation), it will be performed by the HEC-RAS and Arc-
GIS software (viathe HEC-GeoRAS extension).
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In order to achieve these objectives, this study will be conducted according to 3 stages:

1. The preparation of the data:
2. Hydrological rainfall-flow modeling by HEC-HMS.
3. Hydraulic rate-elevation modeling by HEC-RAS / HEC-GeoRAS.

4.3.2 Presentation of the methodology

In this paragraph we will present in detail the 3 steps mentioned in the general presenta-
tion. Namely, data preparation, rainfall-flow modeling by HEC-HMS, and finally the rate-
elevation modeling by HEC-RAS of floodwater levels.

4.3.2.1 Preparation of data

The data available to us can be classified into two categories. data from the glob-
a hydrological area (watershed) that will be used in step 2; and local data specific to
the study area (the flood zone) that will be used in step 3.

1) Thedata of the global hydrological space

These data are the morphological data, the runoff coefficient, and the concentration time.

a) Morphological data of the hydrological space
Aswe explained below, the term hydrological space refers to the geographical space af-
fecting the studied hydrological phenomenon, in our case, this space concerns the wa
tershed that feeds the catchment.
The delineation of this watershed isthe first step of this study. A watershed is defined
relative to a point on awatercourse, such as all lands drained by the hydrographic net-
work located upstream of that point. Thus, adrop of rain falling on this surface will even-
tually pass to the considered point of theriver, unlessit is evaporated or it infiltrates to
too deep layers.
The definition of basin contoursis an essentially topographic operation. For this study, it
consists of defining, on a georeferenced topographic map, the ridge lines (water separa-
tion line) to delimit the surface that feeds the same outlet.

The delimitation of the basin will allow usto calculate several parameters:
- The basin surface (S).

- The average slope of the largest stream (P).

-The length of the longest stream (L).
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The operations to be carried out consist firstly in the georeferencing of the maps, in the
digitization of the contours, in the delimitation of the watershed and in the extraction of

information useful for the study (Figure 4.4) .

Cearsferencing

l

g 1
[ Ligidzation and

delimitaticn o the B
‘

B\ datar Ares (S, Slope
P, Tr

Figure (£.4) Extraction of BV data.

Note: All these operations will be performed on ArcGIS 10.2, which is an essential tool for this

type of work.
b) Therunoff coefficient.

The runoff coefficient (Cr) is defined as the ratio of the amount of water flowing (ie, flow-

ing) to the soil surface (Es) and the amount of rainfall (P).

C r:E(4. 1)
v
The Cr coefficient depends mainly on the land use studied, the size of the watershed and its
slope. Cr values are recoverable from specia tables.

Table IV (APPENDIX) shows some values of the runoff coefficient for watersheds with an

arealessthan 10 Hectares.

The calculation of the runoff coefficient for agiven area at several land uses aformula

weighted by the areas occupied by each land occupation.
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c) Calculation of Concentration Time.

The concentration time makes it possible to know the hydrological reaction time of the
watersheds. It can be cal culated using the preceding characteristics. Physically, it corresponds to
the time taken by the drop of water furthest from the outlet to reach this one. The estimation of
this concentration time is obtained using severa empirical formulas such as the formulas of Tur-

raza, Ventura, Kirpich and Giondotti:

_I.].'I.] (5L}

N

Turraza: Tc 4.2

Ventura: Tc=o.1272*§(4.3)
Kirpich:  Tc=32.5x1075 . (1000.L)%77 . (—=—)"0385(4.4)

Giondotti: Tc=(4xS5"% + 1.5xL / (0.8X((H,yux — Hypin )™ (4.5)

Where :-

® Tc: Concentration timein hours.
® S basinarea

®* P: average slope of the largest thalweg.
® L: length of the longest thalweg.

¢ D: The maximum height difference.

2) Local data of the flood zone

Data from the flood zone mainly include data from the topographic survey per total sta-
tion of the Shabat, and the satellite image of the area.

These two data will be used to extract the DTM from the flood zone, and to assign the

Manning "n" coefficients to land use (Figure4.5).
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Figure (£.5) Preparation of local datafor the flood zone

®* DEM extraction

The numerical model of the terrain is generated from (1m) counter map obtained from

geomolg

The software used to generate the DTM is ArcGIS viathe 3D tool Anays Tools ->
Create TIN

¢ Assignment of Manning "n" coefficients

The classification of this areainto different regions with different Manning "n" coeffi-

cientsis obtained as a photo interpretation of a Google Earth TM image.

The Manning "n" coefficients (or roughness coefficients) represent the resistance
to flood flow in floodplain canals and plains. It is determined by formulas special ma-
thematics and listed in tables. Table V (APPENDIX) presents the Manning "n" coeffi-
cientsin natural watercourses. In this part of our study, we have prepared all the datawe

need for the rest of the study.

In what follows, we will use these data for hydrological rainfall-flow modeling,

and hydraulic modeling of water levels (step 2 and 3).
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4.3.2.2 Thehydrological rain-flow modeling by HEC-HM S

The HEC-HMS software is designed to be applicable in a wide range of geographical
areas and to solve as many problems as possible. The following table represents the main fea-

tures of this software:

Categories HEC-HMS
Deterministic or Stochastic? Deterministic.
Empirical or Physical? Both.
Global or distributed? Global.

The HEC-HMS software offers a multitude of possibilities for rain-flow modeling. These
differ according to the sub-models chosen for the production function, the transfer function and
the basic flow. These sub-models are listed in Table VII (ANNEX).

In what follows, we will present the sub-models adopted for this study.

® Thebasal rate sub-model

Base flow is the component of the flow that returns to the stream from underground storage.
His knowledge isimportant to model the recession of the hydrograph after the peak flow, as well

as to estimate the volume of the flood.

The HEC-HM S software has three submodels for the base flow: constant monthly, linear re-

servoir and recession:

The monthly constant submodel is avery simple approach that is not suited to the semi-arid

context where large variations in basin saturation conditions can be observed in a single month.
The linear reservoir method can be used only with a continuous SMA loss sub-model.

The recession method is an approach that uses a sub-model of exponential base rate re-
cession. This commonly used approach is used in this study, it is suitable for basins where the

volume of floodsis strongly influenced by rain events (USACE., 2010).

In the exponential recession model, the base flow Bt:
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Where:-

® Biistheinitial baseflow at timetO[m3/g].
® Rc the exponentia decay constant [0,1].

The constancy of exponential decay is determined by severa experimental and statistical me-
thods such as the analysis of ancient flood hydrographs.

For our study, we will take the value Rc =0.8..

®* Themodd of the production function

In the HEC-HM S model, the pond area can be divided into impervious zones and
permeable zones. In impervious areas, water flows without interception, evaporation,

perspiration or infiltration. In permeable areas, flow is subject to losses (USACE, 2010).

The HEC-HM S software has different methods (submodels) for the production
function: initial and constant loss sub-model, initial and constant deficit sub-model, sub-
model Green and Ampt model, SCS sub-model and the continuous Soil Moisture Sub-
model (SMA).

As part of this study, the SCS Loss Sub-model (USDA-SCS, 1985) was selected.
Indeed, many studies have successfully used this sub-model in the semiarid Mediterra-
nean context (Broccaet al., 2009, Tramblay et a., 2010).

In addition, this submodel is applicable on watersheds ranging from 0.25 hato
100 km?. It is adapted to account for the initial moisture conditions of watersheds at the

event scae.

The CN (or S) parameter can indeed be linked to different soil moisture indica-
tors, measured in the field, from models or satellite data.

In the SCS sub-model, excess precipitation (net rainfall) is estimated as a func-

tion of accumulated precipitation over the episode:

1 il Z
p, =247

H=i5%5
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Where:-

®*  Pe refersto excess precipitation.
®  P:total precipitation.
®* lainitial losses.
¢ S the maximum retention potential.
Theinitial losses (1a) are given by the relation:
|_a=0.2S (4.8)

The retention potential Sis connected to the Curve Number (CN), which can itself be es-
timated by tables describing the different soil types and / or by calibration with observed data:

S=(25400-254xCN)/CN (4.9)

®* Themodd of thetransfer function:

Once excess precipitation (net rainfall) is known, it is converted to direct runoff.
The HEC-HMS platform has severa transfer functions: Clark, Snyder and SCS unit hy-
drographs, user defined hydrographs, Modclark transformation and kinematic wave.

Among these methods, Clark's unit hydrograph is frequently used for event mod-
eling. This method is particularly effective for reproducing complex hydrographs, in ba-

sinswith avaried topography and land use.

The unit hydrograph method of Clark represents two processes: tranglation and at-

tenuation.

Thetrandation is based on a synthetic time-surface histogram with a concentra-
tion time Tc. The histogram represents the area of the pond that contributes to the flow at
the outlet as afunction of time.

Attenuation is modeled by alinear reservoir. The reservoir represents the basin-
wide stock noted as St.

The average outflow of the tank during aperiod tis given by:

O t=C_ A |_t+C_B O _(t-1) (4.10)
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Where;

®* It: the flow entering the reservoir at timet.

® CA, CB, coefficients calculated by the relation (At is the computation time step):

C_A=At/(S t+0.5At) (4.11)
C B=1-C A (4.12)

The parameters required by the Clark method are: Concentration time, Tc [hours], St sto-
rage coefficient [hours]. These two parameters can be estimated by calibration when rain and

flow records are available.

4.3.2.3 Hydraulic modeling by HEC-RAS/ HEC-GeoRAS

The study we are conducting is largely hydrological. However, the flow-elevation model -

ing part is completely hydraulic.

As mentioned above, HEC-RAS is a software program that models the hydraulics of wa-
ter flow in natural and artificial streams. This software is based on avery complicated mathemat-

ica arsend.

In this paragraph we will highlight the main formulas and some principles used by HEC-
RAS and its extension on ArcGIS, HEC-GeoRAS, to model the hydraulic flow.

HEC-RAS allows the representation of two regimes. the permanent regime and the non-

permanent regime.

The steady state describes the conditions in which the depth and speed of water in a given
location do not change over time, unlike the non-steady state where the depth and speed of water
arevariable.

In our study, we will use the steady state for the peak flow, and then we will explain the
principles of hydraulic calculation used by HEC-RAS in this regime.Indeed, to model the hy-
draulicsin agiven point of the studied channel (water height) HEC-RAS is based on an iterative
solution of the following energy equation:

eV e
24

H=z+Y+2(4.13)
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Where;

H: total energy in any rental along the studied canal.

Z + Y the potential energy.

The parameters of this energy equation areillustrated in Figure (4.6).
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Figure (£.6) The energy equation for aflow between two sections

Z4

In order to graphically determine the sections of the channel we will use HEC-GeoRAS

which allows the preparation of geometric data for import into HEC-RAS.
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In this part we have presented the methodology and physical basis of the current study,
which focuses on three stages:

®  The preparation of the datathat will be used later in the work.
®  Hydrologica rain-flow modeling.
®  Hydraulic modeling of water elevation.

In the next chapter, we will implement these three steps, present the results and perform an anal-
ysis of these results.

The primary datawill include field observation in order to draw up cross sections in selected
points among the stream down ward and estimate discharge during general surface flow and the
discharge at that point during the flood processing. We will measure and cal culate the bankfull
area and floodplain area per event by determination of the wetted area and radius of the channel,
beside to determine the water velocity among the channel. The amount of runoff and the dis-
charge of streamflow are related to the rainfall distribution, the rainfall rate and the duration of
high rainfall ratesin the drainage basin (NRC, 2005).
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5.1 Application and results

. Resultsanalysis
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5.1Application and results

After the definition of the methodology to follow in chapter 4, we go in this chapter
present the application of this methodology.

Aswe have already explained, our work will follow three steps:

1) The preparation of work data.

2) Hydrological rainfall-flow modeling using HEC-HMS software.

3) Flow-eevation hydraulic modeling by HEC-RAS software and its extension on ArcGIS
(HEC-GeoRAYS).

Subsequently, we will present the application made for each of these steps

5.1.1 Data preparation

We have classified the data at our disposal according to two categories.Global
Hydrological Space (to be used in Step 2) and local dataspecific to the study area (to be
used in step 3).

1) Thedata of the global hydrological space
As areminder, the data of the global hydrological space, for our case, are the data

Morphological, the Cr runoff coefficient and the Tc concentration time.

* Digitization of contour lines

The digitization of contour lineswill allow us to produce the digital model

offield of the zone. This step will be useful to delimit the lines of ridges more
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Figure (5.1) countor map for daraga and ghar

Figure (5.2) countor zoom in ghar
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The coefficients Cr, CN and Tc

For this study, the runoff coefficient and concentration timeis shown in the fol-

lowing table:

Table (5.1)Cr and TC for daraga catchment

subbasin TC(HR) Cr

1 0.998667 0.87881

2 0.391983 0.280121
3 0.388163 0.28277

4 0.266133 0.203529
5 0.11496 0.078896
6 0.160967 0.111127
7 0.519833 0.402446
8 0.050983 0.035683
9 0.447648 0.354809
10 0.814667 0.640929
11 2.3795 4.197681
12 0.568565 0.434232
13 1.001262 0.844534
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Table (5.2)Cr and TC for Ghar catchment

subbasin TC Cr
1 0.38 0.262239
2 0.62 0.433512
3 0.38 0.264841
4 1.25 0.965701
5 0.47 0.33343
6 0.94 0.746745
7 0.5 0.35976
8 2.06 1.866472
9 1.34 1.202533
10 0.57 0.433928
11 2.27 3.484745
12 0.22 0.160406
13 0.8 0.656816
14 212 2.218093
15 1.33 1.28613
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The calculation of the concentration time is done by the Kirpich formula. This formula proved its

robustness for wooded and cultivated land.
The area contains a soil and poorly maintained, so we took for Daraga and Ghar:

CN =67

2) Local data of theflood zone

Aswe explained in the methodology section, the targeted data of the area inunda-

ble arethe DTM of the area and the "n" coefficients of Manning.

®* DEM extraction
The digital terrain model is generated from the countor map.
The software used to generate the DTM is ArcGIS from the Create TIN tool in the
3D Analyst Tools feature.

Figure 3and 4 shows the generated DEM for Daraga and Gharcatchment .

Figure (5.3) DEM of the ArcGIS Generated Areafor daraga catchment
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Figure (5.4) DEM of the ArcGIS Generated Areafor daraga catchment

5.1.2 Application of the hydrological rain-flow model by HEC-HM S

The HEC-HMS platform allows rain-flow modeling through four stages:
® Thefirst step isto specify watershed parameters and sub-models of the flood forma-
tion process (sub-model of the watershed function).
production, submodel of the transfer function, and the flow sub-model ofbasis) which
will be used later in the calculations.
®  The second step isto set the meteorological stations of the zone and, mainly, to de-
termine the input weight of each station on the data rainwater input.

® Thethird step isthe input stage of the precipitation data and their parameters (unit,
interval between data, etc.).

® Thefourth step isthe final step before simulating the training process of raw, it con-
sists in determining the control parameters of the simulation (date ofstart, end date,

timeinterval, ...)
But before explaining the work done on each step, let's wait alittle bit on

sensitivity analysis, calibration and validation of our model.

5.1.2.1 Senditivity analysis, calibration and validation
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The HEC-HMS software, through the selected sub-models (The recession method, the
SCS loss model and Clark's unit hydrograph), involves several settings. A sensitivity analysisis
essential for the robustness of the model because it defines the most sensitive parameters of the

model whose uncertainty significantly affects the results at the exit.

These coefficients will therefore be the subject of particular attention, the determination

of theirvalues by calibration will give more accurate results.

Subsequent studies, which used the same sub-models as those in our study, showed that the most
influential parameter is the Curve Number (CN) This coefficient depends directly on the per-
meability, the land use and the conditions of its humidity and its precise determination requires a
calibration.

Unfortunately, the area of this study has no record archive or flow measurement data, the
calibration of the CN coefficient and the validation of the modelso are not possible at the mo-

ment.
5.1.2.2 The modeling of the flood for mation process
This step isthefirst step of the rainfall flow modeling in the HECHMS platform, it has two ob-
jectives:
®  Theentry of watershed parameters.

®  Theinput of the parameters of the rain-flow modeling (the sub-models).

1) Watershed parameters

To determine watershed parameters, the HEC-HMS platform alows us to contain all the
elements of this basin (sub-basins, rivers, ..) that participate infeeding of the studied area.

For our study, asimplified scheme has been established that represents the watershed that

collects rainwater to the flood zone (Figure 5.5/6).
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Figure (5.5) Diagram showing the watershed and the flood zone for Daraga catchment
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Figure (5.6) Diagram showing the watershed and the flood zone for Ghar catchment

2) Parameter of therain-flow modeling

In this step, we will introduce the sub-models chosen in the previous chapter, as well as their pa-

rameters and the surface of the B.V. (Figure 5.7)
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1w Subbasin  Logs  Transform  Baseflow

Basin Nanre: gahr
Element Mame: subbasinl

Deecripbon:
Dovnstream:
“Area (KM

| atitide Negrees:
Latitude Minutcs:
Labilude Securnids;
Longitude Dearees:
Longibude Minutes:
Longitude Seconds:
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Surface Method!
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Figure (5.7) Entering Basin Data(subbasin 1 in ghar) and Models to Use We will present the parameters
introduced for each submodel selected for this study

®  Thebasa rate sub-model

The recession base flow sub-model introduces three parameters.

Theinitia flow (taken equal to 0), Rc the exponential decay constant ([0,1]) taken equal to 0.8
and theratio equal to 0.1 (Figure 5.8)

|54 Subbasin  Loss Transform Baseflow  Options

Basin Name: gahr
Element Hame: subbasini

Initial Type: |Discharge
*Initial Discharge (M3/5) |0

*Recession Constant: (0.8

Threshold Type: 'Hatio To Peak

*Ratio: (0.1

Figure (5.8) The basal rate subbasin.
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®  The sub-mode of the production function

The sub model of the selected production function is SCS Curve Number, this one

ownsthe CN coefficient and impervious as the main parameter (Figure 5.9)

\2us Subbasin  Loss  Transform Baseflow Options

Basin Name: gahr
Element Hame: subbasinl

Initial Abstraction (MM}
*Curve Mumber: &7
“Impervious {3o) | 12.33

Figure (5.9) The submodel |oss.

Table (5.3)impervious datafor Ghar catchment

subbasin area building impervious
1 14264617 4745811 33.2698105
2 19456291 8047534 41.3621185
3 1897481 23674 1.24765413
4 18631231 666479 3.57721404
5 7932576.9 1520581 19.1688152
6 9576879.1 2098705 21.9142894
7 24031405 7528383 31.3272698
8 12685847 428477 3.37759863
9 21730064 1896500 8.72753993
10 565368.33 0 0
11 4112005.3 0 0
12 11714936 967641 8.25989152
13 20744292 0 0
14 41428191 967641 2.33570661
15 25407993 0 0
total 234179177 28891426 12.3373164

Table (5.4)impervious data for Daraga catchment
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Subbasin area building impervious
1 29129763.12 3706331.935 12.72352239

2 6313924.786 1630655.487 25.8263369

3 8105902.299 2738054.6 33.77852951

4 782150.9492 146150.0228 18.68565434

5 15843162.73 1717578.15 10.84113178

6 3110996.768 525679.9743 16.89747735

7 2506931.544 385282.8272 15.36870156

9 1276036.673 163261.8795 12.79445042
10 30893811.59 3666048.909 11.8666125
11 55006400.69 385399.1844 0.700644251
12 71515897.52 817563.0557 1.143190653
13 11266843.6 63320.42098 0.562006745
Total 235751822.3 15945326.45 1343235487

®* Themodd of thetransfer function:

Aswe explained in the methodology chapter, we opted for Clark's unit hydro-
graph sub-model. This submodel requires two parameters. Tc the concentration time and

St the storage coefficient. Figure Y0 shows the valueschosen for these two parameters.

|54 Subbasin  Loss Transform Baseflow Options

Basin Hame: gahr
Element Hame: subbasinl

*Time of Concentration (HR) (0,38
*Storage Coefficent (HR) |0.26224
Time-Area Method: |Default

Figure (5.10) The submodel of the production function
5.1.2.3 Themodel of weather stations

This stage of the work aims at parameterizing the meteorological stations of the study
area and atdefine their weights according to their contribution in the model.
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In our case, we model the existence of a single meteorological station who serain data are

identical to those of the studied hydrologica space.
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Figure (5.11) Parameterization of the weather station

5.1.2.4 Rainfall forecast data

In this step, we have introduced the precipitation parameters, the dates, theacquisition intervals,

the unit used and the input mode of these data (manual orautomatic) (Figure 5.)2).
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Figure (5.12) Setting the precipitation and intervals data
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£ Time-Series Gage  Time Window  Table Graph

Gage Name: Gage 1
“Start Date (ddMMMYYYY) | 310ec1o9l
“Start Time {(HH:mm) l'ElIJU|
“End Date (ddMMMYYYY) |03Jan1932
*End Time {HH:mm} 0921:]

Figure (5.13) Setting the time datafor sheet

After setting the rainfall data, we insert the rainfall datafor 5 minute interval . These data come
from radar.

E.g'ﬁTEEeriesGage Tre Window _ﬂhk Graph

Tz {cd MY, Hemm) Precaitetion (4M)

=1Dec1331, 1355 A
1Dec1931, 19:00 )
=1Dec1331, 1305 L2
2Dec1931, 1920 (.21
c1Dec1331, 1925 .
21Dec193l, 1920 43
c1Decl931, 1935 (.35
1ec1931, 19:30 LA
21Dec1331, 1335 LA
1Dec1931, 1940 .14
c1Dec1931, 1945 (.4
1Dec1931, 19:50 L0
21Dec1331, 19.55 L&
1Dec1931, 2000 1)
=1Dec1931, 2003 (.8
210ec1931, 2020 L&
c1Dec1331, 2025 LAy

Figure (5.14) Input of rainfall data
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5.1.2.5The control data of the ssmulation

The last step before starting the simulation is to determine the parameters of the simulation con-
trol (start date, end date, timeinterval, ...) (Figure 5.15)

char sheet1
Fl-  BasnModels
i~ Meteoralogic Models
Fl- Control Spedfatiors

Yoo

B~ Tm=-5eries Data

Comocrents | Sompute Resuls

% Conrol Specficadons

Mame: Control 1
Desmiption: ‘E
"StartDate {ddMVMYYTY) |31D2c1991
*Start Time (HH:mm) | 19:00
“End Date {ddMMMYYTY) 03Jan1592
*End Time {HH:mm) |09 l[l|
Time Interval: |5Minotes w

Figure (5.15) Entering simulation time parameters

After determining all the necessary parameters for the rain-flow modeling, we started the ssmula-

tion. Figure (5.16) shows the results obtained.
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5.1.2.6 Resultsand Analysis

Figure (5.16) The results of the hydrological simulation

Application, Results And Analysis
- Lk
SpiAnt = FEEEDE
Sl — - —
= L& suaFras v e e f =0 ad e e a a.lE
Skl e Fras v B R F Gadi=s ; o |
) T s
Fupzve dal Sragr bt ] ANl 5 LR
B SIELES Eibae: T =
B GEEEGEE  Rkobpkd B EIS
[ i o | R B e e B R o e e =
=
S 1
et slEEn  olreles % MENIFS gy T a
LG o '7'ﬂ_'~.'ﬂ§3'f'\l:l'i'ﬁ..; Wk feire
Towet | M| |37 i | ! |
3 BEE R MAELEE Al f e i i ||| -
1 EEY L (WBLYE 3R Zify Illl. "y ===
i AkE B WEIAEA R Sl ekl b Al j'-".||I L
A Wil A Ukilba AR v Pl li' e i Mk i
] | S =3 LIELEs s tre i i 1| 1 ] 1l
; @) Tt i ] . .
S LR o HRDRGGe S | e Ll | Gk
LR A3 WNELED. B e e
s S A0 UKL B Bk S ot e b
wat | < - LilES LA A bl £ o AR B T AR HE B
vt L1 (I %] LIEALL:, L {1 E Ll B LR H o 3 T T AR BT
datel” M [ER ] IRl N1 i — 4 Fn XA bl Fad e
ol BUED T OeET ES e ¥ LT A e o
o1 CRRAY 1 okiELT v
T VIERY o Okl ET T o e Taz
oty TANET 7 ORARLET S0 =
-7 myw T ) A 3
e
: i i : ook
RS IR F OkIRTE T
Tongh S5 i I':'hﬂr.:.'l-'rf 1 et We 3 IET [ et |_"I"
: o NPT : Soffee EnlGL RS Fhmekbok Kl
1 4 it 4
Zj; 1:'31 b Ei:i: 1_'_1' ol T LA Oulc ki
- 15 i sy ral
el 4 L5 d (ldEL,ET O O1EE ek Wk D O0E
el £ BER 4 OkdELES XD
s (AL 00 (¥, EY L S
a2 i3 0L MedELED I B S L T ST S e
s = ] T S VI wm PR
ol Ml [ E i 21

The rainfall and runoff data recorded in Al-Draga and Ghar catchment have been used to

calibrate and validate the developed model. Figures (17)and (18) illustrate a comparison between

the observed and simulated flows at the out let for both Ghar and Al-Daraga sub-catchments for
the events of 31Dec1991 to 03Jan1992 (for Ghar) and 05Nov1994 to 06Nov1994 (for Al-

Daraga), respectively.
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Figure (5.17) Observed and calculated flows for Ghar catchment
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Figure (5.18) Observed and calculated flows for Al-Daraga catchment
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R? and Nash-Sutcliffe coefficients where used to judge the calibration/validation the model for
both catchment (Daraga and Ghar). Its obvious from fig.(5.17-5.18) that the simulated is mostly
fitted the observed data for Daraga sub catchment , the obtained R?=0.888 and Nash-
Sutcliffe=0.811 as showninthefig.(5.19)
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Figure (5.19) correlation between simulation result Vs observed data for Daraga catchment

whileR?=0.94 and Nash-Sutcliffe=0.918 for Ghar sub catchment as shown in the fig.(5.20)
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Figure (5.20) correlation between simulation result Vs observed datafor Ghar catchment
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5.1.3 Application of the hydraulic lift-elevation model by HEC-RAS and
HEC-GeoRAS

The main role of HEC-RAS in the case of our study isto model the hydraulics ofthe flow
of water in the watercourse of the studied Al-Daraga and Ghar.

HEC-GeoRAS represents the set of procedures, tools and utilities for processing geospa-
tial datain ArcGIS using agraphical user interface.

The interface alows the preparation of geometric datafor import into HEC-RAS and the
representation of the simulation results of the exported HEC-RAS processes.

Flow-elevation hydraulic modeling will be done in three steps:

1. Thefirst step isto prepare geospatial data on ArcGIS from the extension HEC-GeoRAS
(DEM, center and edges of the Al-Daraga and Ghar, coefficients"n" ofManning, perpen-
dicular sections, etc.). This step will finish by exporting the resultsto HEC-RAS.

2. The second step will allow us to enter the flow data and the parameters of flow-elevation
simulation on HEC-RAS. Thefinal result will be re-exported to ArcGIS.

3. Thethird stepisthefina step. It consists of determining the flood zone on ArcGIS which
isthe goal of this study.

5.1.3.1 Preparation of geospatial data with HEC-GeoRAS

The work on HEC-GeoRAS consistsin defining the DTM of the zone, the center and the
banks of the

Al-Daraga and Ghar, the Manning "n" coefficients corresponding to each region, and the

sectionsperpendicular to the Al-Daraga and Ghar which must traverse the entire flood zone.

Figure (21/22/23/24) represents the result obtained after completing all of these steps
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Figure (5.21) Determining the elements of the Ghar in ArcGIS by HEC-GeoRAS

T |

Figure (5.22) zonefor Determining the elements of the Ghar in ArcGIS by HEC-GeoRAS
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Figure (5.23) Determining the elements of the Al-Daragain ArcGIS by HEC-GeoRAS

Figure (5.24) zone for Determining the elements of the Al-Daraga in ArcGIS by HEC-GeoRAS
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5.1.3.2 Data processing and flow introduction by HEC-RAS

After determining the geospatial elements of the Al-Daraga and Ghar on ArcGIS, we ex-

port theresulting file to HEC-RAS.Figure (25/26) shows the file obtained after export.
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Figure (5.25) File exported to HEC-RAS. Loading datafrom ArcGISto HEC-RAS for Ghar catchment
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will alow usto edit this data
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Figure (5.27) Example of editing a perpendicular section in Ghar catchment.

Thelast step isto enter the previously calculated flow rate on HEC-HMS. The value cho-
sen, corresponds for our case, to the peak of the flow which represents the critical phase of the
hazard. Figure(5.28/29).
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Figure (5.28) Flow input calculated on HEC-HM S for Ghar catchment.
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Figure (5.29) Flow input calculated on HEC-HM S for Al-Daraga catchment.

5.1.3.3 Visualization of hydraulic resultson ArcGISfrom HEC-GeoRAS

In order to visualize the graphical result of the flood zones, we re-export the result to
ArcGIS Figure (5.30).

Figure (5.30) Result showing flood map in Ghar catchment
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Theresult isafilein raster format, which represents the location of raw for the flow entered.
The output file aso contains information on the water depth in each point.
Thisinformation is retrievable from the legend or by the information icon for the selected pixel.

The cross sections for the selected zoom zone are illustrated through section 1-1 to section 6-6

for Daraga and ghar as shown:
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Figure (5.31) section (1-1) in zoom zone for Ghar catchment
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Figure (5.32) section (2-2) in zoom zone for Ghar catchment
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Figure (5.34) section (4-4) in zoom zone for Ghar catchment
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Figure (5.36) section (6-6) in zoom zone for Ghar catchment
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Figure (5.38) section (2-2) in zoom zone for Daraga catchment
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Figure (5.42) section (6-6) in zoom zone for Daraga catchment

While the water depth vary between 15cm to 90cm in zoom zone for Ghar catchment , and vary

between 12cm to 30cm in zoom zone for Daraga catchment .
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5.2 Resultsanalysis

This study allowed us to pass a series of rain forecast data, the flow generated, then the map of

water levels.

Thefinal file obtained is araster file, whose pixels represent the information on the location and

depth of flood waters.

In addition to the delimitation of the floodplain, the application made allows the determination of
predicted water depths for each point (pixel). Thisis very meaning to determine the degree of
danger of the hazard .

These two data (coverage and depth) can be used later for other purposes:
®  Preparation of an evacuation and rescue plan: for example, by exploiting very shallow

areas for vehicles and animals; and high areas depth for the zodiacs of the civil security,
efc.

® Integration on aGIS for the realization of arisk map: this map requires first, the produc-
tion of avulnerability map of the region according to factors technical and socio-
economic. Then the risk map is achievable from the sum or the product of the two hazard

and vulnerability maps from GIS software .

®  Storage of dataon amap server: the final file obtained is araster format file, its publica-
tion on amap server by the Web mapping techniques will make this information available

to alarge number of users.
®* Reflection on future structural measures to reduce the vagaries of the same scale.
The originality of thiswork liesin the fact that it istrying to find a solution to the problem flood
forecasts under very specific conditions:
®* A study areawherefor thefirst time ahydrological study of thiskind is conducted.
This last point posed a great constraint for our study:

Indeed, we have chosen rain-flow modeling as the essential tool for modeling of the flood forma-
tion process. Calibration and validation of this modelare very important to ensure the quality of

our results.

To minimize errors, we tried to choose the model and the parameters used, in particular the CN

parameter judged sensitive by the sensitivity analysis.
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From this point of view, we judge that the results obtained after modeling are satisfacto-
ry, because they rely on a good choice of the model and its parameters, and give a general ideato
decision makers about the dimension of future hazard to make decisions required. However, this

does not exclude the need for a means of verification of results obtained.

For this reason, we propose to make observations of rain and traces of water flooding by

topographic survey at several pointsin the study area.

This we compare the results obtained and the observations collected, and will allow usto
therefore, to make ajudgment on the quality of our work.In addition to the problem of calibra-

tion and verification, our study suffers from other constraints:

On the one hand, we opted for an event model to use afew days before arain event. This
choice poses the problem of the initial conditions of the basin (initial flow in the Al-Daraga and
Ghar, base flow, etc.). The absence of aflow measurement station on the Al-Daraga and Ghar
initial conditions are unknown and, therefore, the use of the model will bevery coarse. Except in
the case where these initial conditions are zero (after adry period for example.) or in the case of

using the model in a continuous way.

On the other hand, throughout this study, we did not discuss the data point storm. How-
ever, these meteorological data are a great source of uncertainty for the model that must be taken
into account. The degree of accuracy of these to afallout direct on the accuracy of the overall
results. Moreover, this rain data plays determining role in determining the model's projected

scope (one day, one week, afortnight, etc.).

That's why the sources of these rain-weather data and techniques used for their acquisition de-

serve specid attention.
By this study, we estimate that we have initiated a flood forecasting system, in the goal of
arriving at a compl ete system, which takes into consideration the following points:
¢ thecalibration of the model used: by observations rain flow or rain-elevation (traces of
water).
® thecontinuity of operation: towards an automatic system that works in permanently.

® thedemocratization of information: by areal-time display of forecasts of chance on a

website.
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5.3 CONCLUSION AND RECOMMENDATIONS

Radar rainfall data are collected and listed in volume (mm) per five minutes are then ap-
plied rainfall asinput to a hydrological oriented GIS model. A set of HEC programs (HMS,
GeoRAS and RAS) and ArcGIS were used for runoff and water level simulation and generating
the flood inundation maps. In conclusion, integration of Hydrologic and Hydraulic Models, RS

and GIS can be a helpful strategy for Flood Early warning.

The current study is summarized with the following points. The main intent behind the
study wasto develop arainfall runoff model to generate the flood inundation extent for the
known precipitation event. Future precipitation predictions can be used in the current model for
the generation of future flood inundation maps and assessing the peak flood in future. The model
is not region sensitive, ssimilar model can be developed for other catchments for the assessment

of flood magnitude and its extent.

The transformed runoff with the help of HEC-HMS are used for flood plain mapping
with HEC-RAS. The generated inundation map is the model prediction for the peak flow . The
region is expected to flood to greater extent if the rainfall event is more intense and of shorter
duration as compared to the considered event. To mitigate the flooding and reduce the flood ex-
tent, best management practices such as low impact development can be adopted.

No model is complete and there is always scope of refining the model. Current model can

berefined by incorporating higher resolution data, and including recent data and scenarios.

The current model was calibrated based on the land use data, thus more recent land use data in-

corporation can further refine the model.
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