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The Importance of English

The importance of the knowledge of
English is becoming more and more im-
portant nowadays. English is significantly
important for researchers, because a re-
searcher is considered as an international
person not local or national. English is in-
disputably the primary language of global
trade and commerce. It is the primary lan-
guage used in international affairs. Learn-
ing to communicate in English is important
to enter and ultimate success.

Working knowledge of the English lan-
guage can create many opportunities in in-
ternational markets and regions. Nowadays,
every sector is using English, such as engi-
neering, economics, education, health, and
social life. So, it is very important to learn
English, so we can communicate and get a

lot of knowledge from there.

Something else worth mention is the fact

Mr. James Juma Ayambo

CFL Director Medani - Sudan

that speaking English could be seen as the
act of being able to stay in contact with the
outside electronic world. And since globali-
zation has become wide-spread, English
was and still the most preferential language
from which the new words are adapted.

There are many factors and views why
learning English i1s valuable and necessary,
the knowledge of English leads to the per-
sonal, social, professional and economic
advantages. I would like you to consider
these two reasons expressing the ad-

vantages raising from knowing English:

1. Working and studying opportuni-
ties.

There is no any doubt that there is no
chance for a monolingual person getting a
job with an international company com-
pared to a bilingual or multilingual person,
even if you are a first-class student, lan-
guage can give you an advantage. And
many scholarships are tied with ILETS,

Hydraulica



January 2019

knowing English is indispensable in get-
ting scholarship in many parts of the
world.

2. Understanding of the global is-

sues

Once Nelson Mandela said “if you talk to a
man in a language he understands, that
goes to his head, if you talk to him in his
own language, that goes to his heart”.
Since English is generally considered to be
a global language, majority of the world’s
contests and events are performed in Eng-
lish and almost all conferences and interna-
tional organizations use English as a main

language. You can’t survive without the

RE YOU THE NEW
Eﬁﬁusn TEACHER ?

language. So, English is core in reaching
ones goals and dreams in life, in this era of
globalization, to be part of the global fami-
ly as a researcher or scientist you are left
with no option, to update your information
of what is going on, in your field you need
English, not just that as a member of the
family your contributions are needed, and
no matter how great and beautiful your ide-
as might be you need the language to pass
them across or publish them, or else it will
get nowhere. knowing the language will
enhance your chance and connections it
will remove barriers and obstacles of get-
ting better job and scholarship.
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Flood Preparedness and Early
Warning System in the Eastern Nile

1. Background

Climate variability and change pose risks to
human and natural systems (IPCC, 2014).
Risks to climate change come from climate
-related hazards (droughts, floods). The
vulnerability and exposure of societies and
ecological systems in the Eastern Nile (EN)
region vary constantly because of the
changes in the economic, social, demo-
graphic, cultural, institutional and govern-
ance indicators (ICPAC, 2018).

Vulnerability to droughts and floods in the
EN has aggravated poverty and declining
household incomes. The Nile Basin (NB)
countries are among the least developed in
terms of Gross Domestic Product (GDP)
per capita income, in levels of health and
education, access to road and communica-
tion. Though there are significant variations
among the NB member states, most of them
lag behind other regions in Africa. The high
level of poverty in the NB region hampers
countries’ ability to cope with climate vari-
ability and change.

Climate change has the potential to multi-
ply existing threats to human security in-
cluding food, health and economic insecuri-
ty in the region. Therefore, the Nile Basin
Initiative (NBI) seeks to develop the river
in a cooperative manner, share substantial
socio-economic benefits, and promote re-
gional peace and security. The NBI started
with a participatory process of dialogue
among the riparian that resulted in their

Dr. Khalid.E.A. Hassaballah
Researcher - HRC

agreeing on a shared vision to “achieve sus-

tainable  socio-economic  development
through the equitable utilization of, and
benefit from, the common Nile Basin water
resources,” and a strategic action program
to translate this vision into concrete activi-

ties and projects.

The Eastern Nile Subsidiary Action Pro-
gram (ENSAP) of the NBI is launched by
Egypt, Ethiopia and Sudan to initiate con-
crete joint investments and actions on the
ground in the Eastern Nile sub-basins in the
areas of power generations and intercon-
nection, irrigation and drainage, flood pre-
paredness and early warning, watershed
management, development of planning
models and joint multipurpose programs.
ENSAP is governed by the Eastern Nile
Council of Ministers (ENCOM) and imple-
mented through the technical arm of the
ENSAP, the Eastern Nile Technical Region-
al Office (ENTRO) in Ethiopia, Addis Aba-
ba. ENTRO assists member states to identi-
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fy plans and prepare joint investment pro-
jects and supports strengthening country
capacities for effective implementations.

The Eastern Nile Flood Prepared-
ness and Early Warning (FPEW) -
project is one of those projects under —
ENSAP programs implemented by - .
ENTRO that involves in the man-
agement of floodplain areas; flood &
mitigation planning; flood forecast |

tion in the development, improvement and

seasonal operation of the FEWS-Sudan un-
der ENTRO umbrella.

and early warning; and emergency |

responses and preparedness at re- 4

r
W /
| ’y f"
g=
p

gional, national and local communi-
ty levels in the EN countries. The
goal is to carry out flood forecasts
and disseminate flood information to dif-
ferent users in the EN basin. In this regard,
ENTRO seeks to reduce human sufferings
caused by frequent flooding in these pilot
flood-prone areas despite the fact that pre-
serving the environmental benefits of
floods. As a result, the flood monitoring
program operational since 2010 to date and
produce flood information: daily forecast,
weekly bulletins and seasonal reports and
disseminated accordingly to the flood com-
munities in the EN region. Some of the pi-
lot flood-prone areas where ENTRO gives
emphasis and provides flood forecasting
and early warning services are Lake Tana
(LT) sub-basin, Baro-Akobo-Sobat (BAS),
and Blue and Main Nile River systems
(ENTRO, 2018).

In this regard, The Hydraulics Research
Center (HRC) of the Ministry of Water Re-
sources, Irrigation and electricity-Sudan
has a substantial and continuous contribu-

2. Importance of EN Flood Moni-
toring Program

Eastern Nile flood season monitoring pro-
gram i1s one of the most important pro-
grams in the eastern Nile countries to miti-
gate the recurrent flood risks. In the past
decades, there were many severe floods oc-
curred more frequently in the EN region
which was caused many losses and signifi-
cant destruction of infrastructures. The
2006 flood in Ethiopia, for example, result-
ed in 242,000 people displaced and many
were died. On the other hand, the 1998
flood in Sudan caused a direct flood dam-
age of about US$ 24.3 million, and recent-
ly, the August 2013, 2014 and 2018 Flash
flood in Sudan, Khartoum and other many
states, in South Sudan - refugee camp, in
Gambella and other towns which causes
losses of many life and damage of proper-
ties (ENTRO, 2018).
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Extreme climatic and weather events such
as droughts and floods are also some of the
clearest instances which literally drive the
need for trans-boundary cooperation. In-
creased populations in this region and the
movement of human population into flood-
plains have increased the vulnerability of
these populations to the threat of floods.

Following the disastrous floods in the up-
per and lower Blue and Main Nile river ba-
sins, and BAS river systems the World
Bank funded the study of Flood Forecast-
ing, Early Warning and Operational Flood
Risk Monitoring methodologies in the re-
gion. This should be sustained to continue
the EN flood monitoring program which
has significant benefits to the region (e.g.,
reduce the integrated impact and damages
from flooding).

3. Objectives of the program

The main objective is to enhance regional
collaboration and improves national capac-
ity in the mitigation, forecasting, early
warning, emergency preparedness, and re-
sponse to floods in the EN basin countries.
The specific objectives are:

o To make rainfall forecasts over Eastern
Nile region based on three days lead-
time and address the patterns of the
rainfall which might cause flash floods.

e To make flood forecast over the pilot
flood-prone areas in the EN basin of LT
sub basin, Blue and Main Nile, and
BAS River Systems.

e Produce flood risk maps for each flood-
prone area, prepare daily reports, week-

ly bulletins, final seasonal report and
disseminate this flood information for
appropriate users, decision makers and
different stakeholders in the region.

4. Methodology

In Lake Tana floodplains, the methodolo-
gies for flood forecasting processes were
used combined hydro-meteorologicall
flood models. The WRF rainfall forecast
for the EN is issued, the Configured Hy-
drologic Modelling System (HEC-HMS)
to produce the corresponding runoff fore-
casts, and the Hydraulic River Analysis
System (HEC-RAS) model used for rout-
ing the runoff forecast on Lake Tana flood-
plain areas. Then, the flood inundation
maps were produced that shows the degree
of inundation depths and the number of
floods affected households residing on
Lake Tana floodplain. This was done using
the simulation results from the hydrody-
namic model and HEC-GeoRAS mapper
in Arc-GIS interface.

In the FEWS-Sudan, integrated forecasting
models were used and run, including HEC-
HMS hydrological model of the Upper
Blue Nile catchment (upstream of El Deim
gauging station). HEC-RAS model of the
Blue Nile between El Deim and Khartoum,
and Linear Correlation Models between El
Deim and Dongola in the Blue and Main
Nile river systems. USGS-RFE and
TRMM-3B42 satellite-based rainfall esti-
mates for upper Blue Nile, Dinder, Rahad,
Setit and Atbara catchments were used as
forcing data for the HEC-HMS hydrologi-
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cal model. In addition, there are three days
rainfall forecasts of WRF from NOAA and
inundation maps library for the Blue Nile
River based on the discharge at EI Deim
station.

In the development of BAS flood forecast
model, WRF rainfall forecast is used as an
input to the configured hydrologic model
for BAS (Gambella floodplain and Sobat
Floodplain) and the anticipated relative
peak runoff during the forecast period were
used as an input to hydrodynamic model
component that was developed for Gam-
bella Floodplain and the Sobat areas.
Hence, verification was done with mean
daily gauge readings from Gambella and
Itang Stations. Alternatively, Global Flood
Tool from USGS was used to model the
inundation patterns for different depths of
the rivers.

5. Forecast Enhancements and Way
Forward

Lake Tana Flood Forecast System:

The flood forecasting and early warning
systems needs the involvement of some en-
hancement of flood forecasting model to
improve the capabilities of modelling re-
sults. In model enhancement, it is helpful
to determine reduced flood extents and in-
undation depths by incorporating any de-
velopmental structures posed on the area
such as irrigation canals among others.
Moreover, in the model enhancement, the
most important component is model result
verification from the rainfall data, river
flow or runoff to the resulting flood inun-
dation depths over the flood prone areas

shall be considered. In the future enhance-
ment of the model, these verifications shall
start at verifying the Weather Research and
Forecasting (WRF) model results, hydro-
logic model result, HEC-HMS, and to the
depths of flood inundation maps due to
peak flood flows.

Enhancements of FEWS-Sudan:

Since ETA model is no longer working at
the ministry of water resources, Irrigation
and Electricity nor at the Sudan Meteoro-
logical Authority, it is recommended to be
replaced by WRF which is currently run by
SMA, NMA and ENTRO. Because the sys-
tem now is depending on the observed re-
mote sensing data only for precipitation,
and the near real time data used now are
USGS-RFE daily data which has a lag time
of 2 days, and TRMM-3B42RT 3-hourly
data with lag time varies from 3 to 8 hours.
The current FEWS-Sudan predicts the 3-
day lead time flood based on the observed
data only without considering the forecast-
ed rainfall for the next three days. There-
fore, adding a numerical weather predic-
tion (NWP) forecast such as WRF or Glob-
al Forecasting System (GFS) to the system
will enhance the model capability for more
accurate prediction for 3-day lead time
flood forecast because WRF gives precipi-
tation forecast for 3 days. CMORPH grid-
ded data in no longer working with FEWS
due to changes in data format and it require
modification in importing script.

More gridded data sources of precipitations

like CHIRPS, TAMSAT and GSMaP grid-
ded data need to be tested, and redefine the
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hierarchy of precipitation data accordingly.
It 1s also important to implement addition
of new hydrological stations to the system
to enhance the forecast and removing of
old stations which are no longer operating.
Update the thresholds for all hydrological
stations by checking the flooding, critical
and alert levels values for stations and up-
date the system using the new values. De-
velop a new more detailed HEC-HMS
model for upper Blue Nile catchment, by
dividing the whole catchment into sub-
catchments for more accurate simulation.
This new model should take into consider-
ation the effect of GERD operation on the
downstream system.

Develop a new HEC-RAS model by in-
creasing the number of cross-sections be-
tween El Deim and Khartoum; also extend
the model to include the reach from Khar-
toum to Dongola and considering the reser-
voirs within the system in the model. It al-
so needs to develop HEC models for other
catchments such as Tekeze/Atbara, Dinder,
Rahad and Gash

catchments. Moreo-

ver, it is recommend- i
ed to add a new mod-
el for urban flood
modelling for Khar-
toum city such as So-
bek, Mike-Flood, etc.
and mapping urban
flood risk zones.

Improvement of the
current EN forecast
system including the
FEWS-Sudan has ex-

tensively been discussed during the 3™
flood forum which organized by ENTRO
during 16™ to 17™ August 2018. In addi-
tion, a consultant has been appointed by
ENTRO to enhance the EN flood forecast
system with assistance from the flood man-
agement team of ENTRO. The consultant
has proposed some options including im-
provement of the current FEWS-Sudan or
migration to a new system such as Mike
Operation or HEC Real Time Simulation
(HEC RTYS).
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Outline of IWRM Sudan

The project about enhancement of integrat-
ed water resources management in the Re-
public of Sudan (IWRM) is a cooperation
project between Japan International Coop-
eration Agency (JICA) and Ministry of Wa-
ter Resources, Irrigation and Electricity
(MWRIE) represented by Water Resources
Technical Organ (WRTO), the draft agree-
ment signed on 16th of Feb 2016 to clarify
the roles of each partner. The project activ-
ities started on the 1st of Aug 2016, and it
will continue for three years until Aug
2019, The Project Team consists of eleven
(1T) JICA experts and thirteen (13) full-
time Counterparts (CPs) on the Sudanese
side mainly from several department of
MWRIE.

The main objectives of the project is to
make recommendations for a practical strat-
egy, institutional and organizational frame-
work; to improve the policies, strategies
and to make plans for IWRM.

The project has three phases which are:

Phase 1: Water balance analysis and high-
lights major issues on WRM.

Phase 2: Pilot Area to be selected to imple-
ment IWRM.

Phase 3: Recommendations on strategic
and institutional frame work of IWRM.

Within these phases, there will be four ex-
pected output which are:

Output 1:  Water balance analysis.

Output 2:  Analyses of issues on water

Dr. Ahmed Adam
JICA Organization

Eng. Mohamed Eldow Elbushra
JICA Organization

resources management.

Output 3:
specific regions (pilot activities).

Implementation of IWRM in

Output 4: Recommendations for a strategy,
legal framework and implementation ar-
rangements.

The IWRM process is usually explained by
the spiral model as shown below, the
framework for the future IWRM of Sudan
will be proposed through the implementa-
tion of activities from Output 1 to Output 4
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for this project, which corresponds to Stage 1 of the IWRM spiral.

Proposal of framework of IWRM
(Output 4)

Process of IWRM

2\ ,l I
N -
S -
. . RIS %
Awareness and identifica- IR
3 /3
tion of problems Z N

(Continuous activity by
the Sudanese side)

Awareness and identification
of problems (Output 2)

Stage 1
?

Coordination
and detail design
(Output 3)

¢ -—-— =

Implementation, monitoring
and evaluation (Output 3)

Output 1: water balance analysis

Output 2:analyses of issues

Output 3:implementation pilot activities
Output 4: recommendations

Output one and output two have been
JICA  Project
(JPT:Japanese experts and Sudanese Coun-

achieved by Team
terparts) during last two years, and now
JPT are implementing output three, in
these topic I will shed light on main activi-
ties and results of output 1 and output 2 as
follow:

Output 1: Water Balance Analysis for
non-Nilotic area:

Water balance was analyzed for whole Su-
dan by comparing I) the water resources
potential, i1) the water supply capacity and
1i1) water demand over time, possibility of
water shortages have been predicted.

Based on predictions, water resources de-
velopment plan have been formulated from
the perspective of IWRM, The procedure
for analysis of water balance with seasonal
fluctuations for years 2015 and 2035 is as
follows:

a) Water balance analysis was implement-

ed for 191 sub-basins, which were de-
lineated for the long-term rainfall-
runoft analysis.

b) The planning points were set at the
most downstream point of each sub-

basins.
c) Monthly Wadi flows (m3/month) and
groundwater  recharges  (m3/year),

which were analyzed by long-term rain-
fall-runoff analysis, were allocated to
sub-basins.

d) Water demand for urban/rural/nomad
areas and livestock for2015 was esti-
mated for sub-basins.

e) Water demand was allocated between
surface water and groundwater in pro-
portion to the current consumption ratio
of surface water and groundwater of the
sub-basins.

f) The water supply capacity of 2015 in-
cluding Hafirs, small dams and water,
which was recorded in the inventory, is
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assigned to each sub-basin.

g) Current water balance was calculated to
know whether or not the current water
supply capacity can satisfy the current
water demand with enough water sup-
ply security.

h) If the current water supply cannot satis-
fy the water demand of 2015, then addi-
tional water supply facilities (Hafirs/
small dams/wells) have been added to
each sub-basin until the water demand
1s satisfied. Those additional water sup-
ply facilities are considered as those
that actually exist but are not included
in the inventory.

1) Water balance was calculated at the
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planning point by comparing the water
resources potential, water supply capac-
ity and water demand. The calculation
was performed on a monthly basis.

j) Water balance analysis was started from
the upper-most sub-basin. Then the
analysis continued toward down-stream
sub-basin one by one up-to the lower-
most sub-basin.

JPT used the general water balance equa-
tion to calculate the water storage for each
water facilities (Hafirs and small dams) as
show below:

Water storage = Wadi discharge + Water demand +
evaporation from facilities +
change of storage of facilities

|I|l -Illl_ II‘III h ‘Il _I""_ Illlll

Month

—— Hafirs

- Small dams

Water shortage

Basin delineations and the result of water balance analysis are shown in Figures below:

Sub- basin

Figure (1) shows Basin delineation for whole Sudan
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Total Water Recharge (MCMYy)
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Figure (2) shows the water potential on non-Nilotic area

Total amount of water resources is around 50 BCM/year including surface water and

groundwater.

Water Demand (MCMYy)
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Figure (3) shows the water demand for 2015
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Capacity (m3)
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Figure (4) shows the Estimated Capacity of Facility for Surface Water 2015
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Figure (5) shows Water Demand for 2035
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Total water demand will increase from 336MCM/y (2015) to 1144MCM/y (2035), 3.4
times as large as 2015.

Capacaty (md
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B e o 10000000
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River

Figure (6) shows Required Capacity of Facility for Surface Water for 2035

Figuer (7) shows Required Capacity of New Facility for Surface Water from 2015 to 2035

Required capacity of new facility for sur-
face water from 2015 to 2035 means the
total storage capacity (m3) of hafirs and
small dams that should be constructed be-
tween 2015 and 2035 to meet water de-

mand of 2035. Size of circular in the map
indicates rank of storage capacity.

River basins of No.3, 6, 9, 10 require large
amount of constriction of new facilities of
surface water.
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Aquifer classification

Legend
Aquifer classification
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Groundwater recharge of sub-basin

S

Each sub-basin was given :

* Groundwater recharge (mm/year)

* Hydrogeological unit
by combination of hydrogeological GIS map + sub-
basin GIS map

Figuer (8) shows Groundwater recharge of sub-basin

Figuer (9) shows Required Number of Well 2015
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Figuer (10) shows Required Number of Wells 2035
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figuer (11) shows Cost for Construction of Water Resources Development Facilities

to Meet Water Demand of 2035 (Mil.US$)

output 2: Analyses of issues on water
resources management

JPT conducted a series of problem analy-
sis workshops with the relevant general
directorates and departments within the
MWRIE and relevant ministries. The ob-
jective of these workshops was to clarify
water-related problems in Sudan from the
different perspectives of managers and of-

ficers engaged in water issues in different
ways. It was intended to capture an overall
picture of water-related problems in all
over Sudan. Workshops were held in De-
cember 2016 and February/March/April
2017 as follows:

» Internal workshop with counterparts
(December 5, 2016)
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* Ministry of Livestock, Fisheries and
Rangeland (December 7, 2016)

» General Directorate of Groundwater and
Wadi, MWRIE (December 8, 2016)

* IT Center, MWRIE (December 12, 2016)

* General Directorate of Nile Water and
Dams, MWRIE (December 13, 2016)

* Directorate of Policy, Planning and Pro-
jects, MWRIE (December 14, 2016)

The Hydraulics Research Center,
MWRIE (December 19, 2016)

 Directorate of Irrigation Operation and
Maintenance, MWRIE (December 20,

2016)

* Ministry of Environment (February 13,
2017) »

Dam Implementation Unit, MWRIE

(March 15, 2017)

13 State Water Corporations and Drink-
ing Water and Sanitation Unit, MWRIE
(Marchl6, 2017)

* Ministry of Agriculture and Forestry
(April 3, 2017)

At these workshops, 11 problem trees were
made, the problem trees were later im-
proved in close consideration of cause-
effect relations among the factors being
identified, by integrating some of the find-
ings outside the workshops.

Realization of Integrated and Unified
VWRM

(Output-4)
Recommendations on strategy &

T

(Output-3)

Pilot activities

-

(Output-1)
Water balance analysis

1
(Output-2)
Identification of issues on
WR management

Figure (12) shows the integrated activities of the project

Full-time counterparts also
join in the activities of the
project to support the Jap-
anese expert, which will

Y
JICA Teamg 8

Not sustainable Sustainable

Project output

2
R

| Project output
YA RN
b S

C/P Team

contribute to knowledge . — x;\’ ........... OB oo
sharing and technical cpleam Q )4 x | ]

knowledge transfer for Su- 8 8 8 Suppor b

danese side.

Figure (12) shows Technical Transfer for Full-time CPs
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Study of the DEM Influence on Flood
Inundation Patterns in Danube Delta

Abstract

Floods in Danube Delta are considered sig-
nificantly important for the preservation of
the productivity and biodiversity of the
ecosystems. The flood characteristics in-
cluding duration, depth, frequency, timing
and inundation extent play an important
role in providing dynamic conditions for
the existence and natural development of
aquatic and riparian species. The Danube
Delta is a very complex hydrological sys-
tem, therefore, a hydrodynamic model of
the delta is needed to support informed de-
cision making for better flood management
of the delta.

Data acquisition is an issue for flood mod-
elling, however, the advanced technologies
in remote sensing have contributed to ad-
dressing this issue. Global earth observa-
tion data with large spatial coverage and
free access to the public has provided mul-
tiple sources of topographic data (Digital
Elevation Models) that can be used to build
flood models. Previous studies have shown
that the different spatial resolutions and
vertical accuracies of these Digital Eleva-
tion Models (DEM) have been found to
significantly impact the outputs of hydrau-
lic models. Many factors have also been
found to affect the usefulness of these
topographic data sources including, the riv-
er scale, the terrain relief, the flood fre-

Eng. Sarah Seifeldin Hamad Abdalla
Assistant Researcher - HRC

quencies and the model structures.

This study investigated different hydrody-
namic modelling methods in order to iden-
tify the appropriate hydrodynamic model
schematization for the Danube Delta.
Three modelling configurations were de-
veloped using HEC-RAS software: 1D
model, ID+SA and a 1D/2D coupled mod-
el. These setups were compared in terms of
data requirements, model setup, computa-
tional times, stability and model outputs.
Two different publicly available DEMs
were used to build the 1D/2D coupled
models. The Shuttle Radar Topography
Mission Digital Elevation Model (SRTM)
and the European Digital Elevation Model
(EU-DEM). The model results were com-
pared to analyse the impact of different
topographic data sources on the model re-
sults.

The study concluded that the 1D/2D cou-
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pled model was the most appropriate mod-
el among the three configurations for the
Danube Delta. However, due to the high
complexity of the Delta’s hydrological sys-
tem, it is recommended that a more repre-
sentative model should be developed when
there 1s enough data. Analysis of the results
showed that the DEM difference had a sig-
nificant effect on the flood inundation
depths. The flood extents simulated by the
SRTM based model were larger than the
ones estimated by the EU-DEM model.
These differences can be attributed to the
absence of actual lake bed elevations in the
SRTM. This resulted in lower lakes storage
capacity during the flood allowing for

Introduction

The Danube Delta is situated in the lower
part of the Danube River basin, which is
one of the four largest rivers in Europe. It
has high international significance, being
declared a UNESCO World heritage site, a
RAMSAR wetland and a biosphere reserve
under the UNESCO Man and Biosphere
program (MAB).It is the second largest
delta in Europe and the largest eco-system
in Europe’s humid zones. The Delta pro-
vides multiple ecosystem services includ-
ing cultural services, regulation, mainte-
nance and provisioning (Provenzale, et al.,
2016).

Floods in the Danube Delta are significant-
ly important for sustaining the dynamics of
the natural system. Over the last decades,
human interventions such as the construc-
tion of dams upstream over large areas al-

more water to flow into the floodplain ar-
ea.

The study findings are associated with
some limitations most importantly that the
models were not calibrated or validated
due to the lack of observed data. Conse-
quently, solid conclusions could not be
drawn about their performance. The con-
clusions drawn are associated with the case
study nature, however, they can provide a
rough indication and basis for further re-
search.

Keywords: Flood Inundation Modelling,
HEC-RAS, Digital Elevation Models,
SRTM, EU-DEM, Danube Delta

tered the natural flood regimes in the delta,
negatively affecting the habitats and spe-
cies (Oosterberg, et al., 2000). Flood inun-
dation modelling can be a useful tool for
investigating the flooding patterns in Dan-
ube Delta and generating inundation maps
that can support integrated management of
the Delta.

The Danube Delta has a flat terrain with
dense vegetation making the traditional
topographic survey a great challenge
(Gogoase, et al., 2011). The evolution of
remote sensing has provided various pub-
licly available topographic data sources
that can be used as input for flood models,
such as Digital Elevation Models. The dif-
ferent spatial resolutions and vertical accu-
racies of these DEMs have been found to

significantly impact the outputs of hydrau-
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lic models (Ali, et al., 2014).
Therefore, this impact needs
to be investigated.

Research Objectives

The main objective of this

study is to analyse the inun-
dation behaviour in Danube
Delta for a flood event using
a hydrodynamic model built
with different freely availa-
ble topographic data sources.

Danube Delta 1:335,543

_W'""» « Legend
Danube Basin
[]Romania S
[ ] panube Delta

Danube River

Location of Study Area

Research Questions

To achieve the research objec-
tive the following questions need to be an-
swered:

1. What are the possible model configura-
tions for the Danube Delta and how do
they differ in terms of data require-
ments, model set-up, computational
times, model stability and model out-
puts?

2. What is the most appropriate hydrody-
namic model structure for Danube Delta
(1D, 1D with storage areas, 1D/2D)?

3. What is the impact of the different Digi-
tal Elevation Models on the simulated

flood inundation patterns in Danube
Delta using a 1D/2D model?

Innovation and Practical Value

The development of 1D/2D coupled mod-
els for flood modelling using HEC-RAS
has not been fully explored due to the re-
cent development of this feature in the
software. Such model has not been devel-
oped for the Danube Delta, therefore a

Figure 1: Danube Delta

1D/2D model of the Danube Delta that in-
vestigates the effects of different topo-
graphic data sources on model outputs can
be considered an innovative research.

[HE Delft is currently involved in SCENT
project (Smart Toolbox for Engaging Citi-
zens into a People Centric Observation
Web) to quantify the impact of using citi-
zen observed data on flood risk maps and
spatio-temporal flooding patterns for better
flood management and risk assessments.
These will be generated using hydrody-
namic models as tools while utilising the
SCENT toolbox citizen observed data. The
1D/2D model of the Danube Delta devel-
oped in this study using the currently avail-
able observation data and the publicly
available remote sensing data can be con-
sidered as the first step in this part of the
project.

Methodology

This study investigated different hydrody-
namic modelling methods in order to iden-
tify the appropriate hydrodynamic model
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Danube Delta.
Three modelling configurations were de-
veloped using HEC-RAS software: 1D
Model, 1D Model with Storage areas
(1ID+SA) and a 1D/2D Coupled Model.
These three setups were compared in terms

schematization for the

of data requirements, model setup, compu-
tational times, stability and model outputs.
Two different publicly available DEMs
were used to build the 1D/2D coupled
models. The Shuttle Radar Topography
Mission Digital Elevation Model (SRTM)
and the European Digital Elevation Model
(EU-DEM). The model results were com-

Results and Discussion

pared to analyse the impact of different
topographic data sources on the model re-
sults for two scenarios:

Wet condition 26 January to 08 Febru-
ary 2006.

Extreme flood condition from 18 April
to 02 May 2006.

Sensitivity analysis was carried out for the
1D and 1D/2D models to investigate their
sensitivity to some of the models’ parame-
ters such as roughness coefficients and
mesh resolution.

Summary of comparison between the 1D, 1D+SA and 1D/2D Models
____

Cross sections
Lake elevation-volume curves
Digital Elevation Model

Data require-
ments

Land use data for continuous rough-

ness coefficients

No Yes No
No No Yes
No No Yes

Model Setup
tion preparation

Storage area boundaries and con-

nections to main rivers
2D flow area boundaries
Computational mesh

Establishing the 1D/2D lateral con-

nections
Relative set up time and effort

River schematisation and cross sec-

Yes Yes Yes
No Yes No
No No Yes
No No Yes
No No Yes
Low Moderate High

Computation Time

Stability Issues

Water level
Discharge
Flood extent and depths

Outputs

% Time of inundation, arrival time,

recession
Velocity
Shear stress

Very Short Very long
short

No Yes Yes

Yes Yes Yes

Yes Yes Yes

No No Yes

No No Yes

No No Yes

No No Yes
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Comparison between outputs of 1D/2D
models built by the SRTM DEM and
EU-DEM for wet condition

The flood inundation depths for the wet
condition simulated by the 1D/2D SRTM
based model and EU-DEM based model
are shown in Figure 2. It can be seen the
SRTM based model provided earlier inun-
dation and higher flood depths than the EU
-DEM based model. This can be attributed

Depth

to the significantly lower elevations of the
SRTM cells in the flood plain areas (see
Figure 3) resulting in earlier inundation,
longer inundation periods and higher
depths. It is clear when comparing the 2D
flow areas in both terrains (Figure 3) that
the SRTM terrain generally provides lower
elevations in the floodplain areas and high-

er elevations in the lakes.

1.2

S e
(-] -]
1 | -

Depth [meters]

=
-
1
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F
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Figure 2: Flood inundation depth in a 2D cell obtained from SRTM based model (light blue) and EU-DEM based model (dark

blue)

SRTM DEM

Legend
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(meters)
-13.03 - -4
-3.99 - -2
199 -0
o -2
m201-4
Em4.01-6
N6.01-9
[19.01-15
15.01 - 51.625

Elevation
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Figure 3: Elevations of 2D flow areas provided by SRTM DEM and EU-DEM
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The over estimation of the lakes bed eleva-
tions in by SRTM DEM is due to that the
InSAR technology cannot penetrate water
surfaces. This results in lower storage ca-
pacities of the lakes, allowing for more wa-
ter to flow in the floodplains, thus higher
flood depths and larger flood extents.
Meanwhile, the EU-DEM has undergone
corrections and editing of the lakes’ eleva-

tion, therefore, it provides lower and more
appropriate bed elevations for the lakes’.
This results in higher storage capacity in
the lakes and less water to flow into the
floodplain area . This can be seen in Figure
4 where it is clear that the lake elevations
in the beginning of the simulation are -1
and -2.25 for SRTM and EU-DEM respec-
tively.

w
|
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Depth |meters)
- o
- i LY w
I I

Hrd
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0
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Water Surface Elevation
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Figure 4: Depth (left) and water surface elevation (right) of Gorgova lake

Comparing the maximum water depths
from the simulations with observed depths
from literature,

it was found that according to (Oosterberg,
et al., 2000) the average water depth for
Gorgova lake for the period 1996-1998 was
3.24 m which is close to the values ob-
tained from the EU- DEM based model
(3.07 meters) while it is significantly high-
er than the depth from the SRTM based
model (1.64 meters).

This indicates that the outputs from the EU
-DEM are more reliable than the SRTM
outputs, however, this is just a rough indi-
cation due to the lack of observed data
which is necessary to draw any solid con-
clusions.

The flood inundation maps for the wet con-
dition simulated by the 1D/2D SRTM
based model and EU-DEM based model
are presented in Figure 5. Confirming the
previous discussion, It can be seen that the
flood depths are higher for the SRTM
based model, which is indicated by the
darker colours on the flood map, whereas
the lighter blue colours indicate the lower
depths in the lakes. The flood inundation
patterns show some differences as the
floodwater has flown into a lake in the EU
based model whereas no water has entered
the same lake in the SRTM model which
can be due to the higher elevations of the
lake or the canals that transfer the flow to
this lake (see highlighted areas) .The flood
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extent simulated by the SRTM model is
larger covering an area of 253.38 km?2

while the EU flood extent covers an area of
241.30 km?2.

not surveyed far enough into the floodplain
or surveyed to a point that does not flood,
therefore there was an artificial extension
of cross sections from the software result-

Flood Inundation Map from SRTM Based Model: Wet Condition

_ -
1

ing in over estimation of the wa-
ter levels in the river. Moreover,
B due to the non -extended cross
w43>e . . .
sections, it was not possible to
obtain flood inundation extents
1em=1km | from the 1D model.

- The 1D/2D model provides a

f{inundation sopn | better representation of the hy-

— 000108l drodynamics in the Danube Delta
o 25 | than the 1D and 1D+SA models,

W si.s |Dowever, it was limited by the
B s.01-6

| 6.01-14.8

lack of calibration data in order

to accurately capture the flood

yns

extents. Since the model was
n  |found sensitive to the change in
W+E the 2D roughness coefficients,
the calibration process is consid-
ered highly important to obtain a
model that captures the flood
events properly.

soconaeal - The DEM difference had a sig-
owt-03| pificant effect on the flood inun-
B -« 2s | dation depths as the SRTM based
mm s |model provided  significantly

W s#| higher depths than EU-DEM

1cm=1km

Figure 5: Flood inundation map from SRTM based model (Top) and EU DEM

based model (bottom)

Conclusions

- The 1D model structure is not appropriate
for modelling the Danube Delta due to the
Danube River characteristics, which in-
clude wide flat flood plains with high inter-
action between the river and floodplain ar-
ea and high storage capacity. In addition,
the available surveyed cross sections were

based model. The flooding pat-
terns showed some differences
and the flood extent estimations by the
SRTM model were larger than the EU
DEM based model which has finer resolu-
tion agreeing with Werner (2001) study
that found that coarser resolution DEMs
provide larger estimated flood extents. This
higher estimation of depths and flood ex-
tents can be attributed to the non-
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representation of SRTM of the lakebed ele-
vations due to the laser technology, which
results in lower lake storage allowing for
more water to flow in the floodplain area.

- The sensitivity analysis of the 1D/2D
model showed that the model is sensitive
to changes in Manning roughness coeffi-
cients of the 2D flow areas, while its sensi-
tivity to the mesh resolution is not signifi-
cant unless the cell size is significantly
larger than the terrain resolution which can
be attributed to the sub-grid bathymetry
approach in HEC-RAS that preserves the
underlying terrain details when using a rel-
atively coarse computational grid.

Recommendations:

e In the case of the availability of obser-
vation data, calibration and validation
of the models should be performed.

e A thorough sensitivity analysis is rec-
ommended that investigates all the pa-
rameters for the three model configura-
tions, that can have an impact on the
model results. Moreover, the SRTM and
EU-DEM should be analysed when
sampled with different spatial resolu-
tions.

o Every modelling practice is associated
with uncertainties related to the input
data, the model parameters and the
model structure. Therefore, an uncer-
tainty analysis should be carried out
taking into consideration the uncertain-
ty from the Digital Elevation Models.

e Due to the high complexity of the Dan-
ube Delta hydrological system, it is rec-
ommended that a more complex model

structure should be developed which
includes the representation of the lakes
as storage areas interconnected through
canals and the surrounding floodplains
as 2D flow areas. This model needs
more data to accurately represent the
real system.

- In order to properly compare the Digital
Elevation Models, it is necessary to devel-
op a benchmark model built with high-
resolution topographic data (such as LI-
DAR) to evaluate the models’ perfor-
mance.
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Validation of Hydrologic Data

Training course Organized by the Hydraulics Resach Center (HRC) for the
Permanent Joint Technical Committee (PJTC)

Hydrological data are crucial for proper
water resources management, therefore
quality of measured data is very important.
Due to the importance of theses infor-
mation the Permanent Joint Technical
Committee PJTC requested the Hydraulics
Research Center (HRC) to conduct a train-
ing program on “Hydrologic Data Valida-
tion”. The PJTC encourages this kind of
training as it can be quite helpful for the
PJTC staff and their daily work in hydro-
logic data measurement and processing for
most of the station along The Nile River.

A contract has been signed by the PJTC
and the HRC in March 2018 to develop
and teach the course on hydrological data
validation. The course has been imple-
mented from 9 to 13 December 2018.

The course has covered several aspects of
hydrological data validation, starting from
site selection of a hydrologic station, meas-
urements, data processing, data analysis
and data storage. The details of the main
topics are shown below:

= Introduction to Hydrology;
= monitoring networks;

= Water level, discharge, water quality
and sediment measurements;

= Processing of field measurements: wa-
ter level, rating curve;

Assoc.Prof. Abu Obieda Babiker

Hydraulics Research Center

= Validation of Hydrologic data;
= Timeseries Analysis; and

= Data storage, reporting and Dissemina-
tion.

The course has been taught by HRC expe-
rienced staff with collaboration of one
member from Ministry of Water Re-
sources, Irrigation and  Electricity
(MoWRIE). The teaching staff have pre-
pared all the Lectures Notes and Presenta-
tions, which have been given to the partici-
pants, together with relevant supporting
reading materials, to assist them in their
training and also serve as a manual to as-
sist them during their daily works.

The target group of participants is from the
PJTC and Ministry of MoWRIE which in-
cludes 9 Engineers and 5 technicians.

The course has been evaluated by the par-
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ticipants based on their satisfaction with the materials presented, lecturers, exercises and
duration of the course. Most of the participants recommended to increase the duration of
the course due to its importance and relevance to their work and they strongly recommend
it to their colleagues. The participant’s levels of satisfaction is presented in the following
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Based on the above evaluation, it is concluded

‘% E “ that the objectives of the course have success-
8 2 I fully been met based on the satisfactions of
E ’ & & @ e & the participants. Also, it was observed that the
g o AR s level of experience for participants was differ-
= Satisfaction Level ent which affected the progress of the lec-
tures.
B B |5 5lay Gyl
g Therefore, the following was recommended:

E i e selecting the participants based on their
E é I - experience, skills and relevance to the top-
% OQQ)\V & & e ic of training;

2 < A e to release participants from their daily

Satisfaction Level . .
works during the course period, so they

oS pe i Jual 5 1 ghia (o all can focus on the training only; and

., 10 it would be better if the course is conduct-
—
58 u - ed in a closed place with proper training
'c 0 05100 g o
2 E N facilities where participants can spent
o o . o
P more time on practice.
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