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Abstract

Arc Hydro Data Model for Ethiopian Watersheds

Seyoum Ayele Asamenaw, M.S.E.

The University of Texas at Austin, 2005

Supervisor: Daene McKinney

Abstract

Ethiopia is endowed with a substantial amount of water resources. The country’s
renewable surface and ground water amounts 123 and 2.6 billion cubic meters per
annum, respectively, but its distribution shows high temporal and spatial variation. The
Ministry of Water Resources of Ethiopia (MoWR) planned to develop a digital
hydrologic data model that supports management of the country’s water resources. The
purpose of this project is to use the Arc Hydro data model organize and manage water
resource data in Ethiopia. To accomplish this, raw Shuttle Radar Topographic Mission
(SRTM) data was processed and a 90m*90m Digital Elevation Model (DEM) was
created. Second, drainage lines and watersheds were created using the Arc Hydro tools.
Third, six hydro administrative regions were identified based on the flow direction of the
streams. This project has shown that Arc Hydro is an effective tool for storing and
analyzing hydrologic information for very large areas.

Vi
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CHAPTER 1: INTRODUCTION

1.1 Background

Ethiopia, with a total area of 1.13 million square kilometers, has a total population
of 63.5 million (CIA, 2004). The economy of the country is highly dependent on
agriculture, which in turn is dependent on the availability of seasonal rainfall. The
country’s renewable surface and ground water amounts to 123 and 2.6 billion cubic
meters per annum respectively but its distribution shows high temporal and spatial
variation. Furthermore, rainfall is highly variable across the country, from season to
season, and from year to year. This temporal variation of rainfall subjects the country to
frequent droughts and famine. Ethiopia is also the source of nearly 85% of the Nile River.

The Ministry of Water Resources (MoWR) of Ethiopia is the sole responsible
agency for the distribution and conservation of water resources in the country. The
MoWR signs international agreements related to Transboundary Rivers in accordance
with the law. The department of Transboundary Rivers in the MoOWR provides a policy
advisory on strategies and legal matters pertaining to negotiation with the riparian states,
particularly with Sudan and Egypt. The departments of Basin Study and Hydrology have
a huge amount of basin resource potential and hydrological data respectively. The
hydrology department also possesses large amounts of datasets related to river flow,
sediments, and other hydrological characteristic of the major Rivers in the country. Most
of the study output is in the form of classical paper report format that is difficult to
manage. Thus, the Ministry of Water Resources (MoWR) planes to develop a digital

hydrologic data model that supports management of the countries water resources. The
1



Arc Hydro data model can be used to support the MoWR plan to develop a digital
hydrologic data set.

Arc Hydro, which is developed by the Center for Water Resources (CRWR) at
the University of Texas at Austin, is a geospatial and temporal data model for water
resources designed to operate within ArcGIS. Arc Hydro opens the way to building
hydrologic information systems that synthesize geo-spatial and temporal water resource
data to support hydrologic analysis and modeling (Maidment 2002). The purpose of a
geographic information system (GIS) is to provide a spatial framework to support
decisions for the intelligent use of earth’s resources and manage the manmade

environment.

1.2 Study Objectives
This project is aimed at developing a geodatabase to build hydrologic information
systems for Ethiopian watersheds and modeling of the rivers. The geodatabase will
consist of an Arc Hydro-based geographic information system and relational database
containing hydrologic, hydraulic and related data for Ethiopian watersheds. Generally
this project will have the following outputs: -
0. Generate a 90*90 m cell Digital Elevation Model (DEM) of Ethiopia from SRTM
data.
0. Develop a prototype Arc Hydro data model for Ethiopia water sheds
0. Represent the drainage system into appropriate Basins, Watersheds, and
Catchments

0. Represent stream flows using time series attribute tools

2



1.3Thesis outline

Chapter 2 is literature review about the Arc Hydro data model, the Ethiopia Water
system and the Hydro-politics in East Africa. Chapter 3 discusses the different data
archives collected and used for this project. Chapter 4 discusses how 90m digital
elevation data was obtained and processed. Chapter 5 how the Blue Nile watershed was
delineated using the terrain analysis tool in Arc Hydro. Chapter 6 describes the
Geodatabase design and Arc Hydro framework for Blue Nile Basin. The last chapter

describes the project summary and conclusions.



CHAPTER 2: LITERATURE REVIEW

Previous chapters provided background information about the importance of this
study and the primary objectives of this project. This chapter provides a review of
geographic location of Ethiopia and previous water resource studies conducted in

Ethiopia.

2.1 The study area

Ethiopia is located in the Horn of Africa and is bordered on the north and
northeast by Eritrea, on the east by Djibouti and Somalia, on the south by Kenya, and on
the west and southwest by Sudan (Figure 2.1). The country has a high central plateau that
varies from 1,800 to 3,000 meters (6,000 ft.-10,000 ft.) above sea level, with some
mountains reaching 4,620 meters (15,158 ft.). Elevation is generally highest just before
the point of descent to the Great Rift Valley, which splits the plateau diagonally. A
number of rivers cross the plateau-most notably the Blue Nile flows from Lake Tana. The
plateau gradually slopes to the lowlands of Sudan on the west and Somali-inhabited
plains to the southeast.

The climate is temperate on the plateau and hot in the lowlands. At Addis Ababa,
where the elevation ranges from 2,200 to 2,600 meters (7,000 ft.-8,500 ft.), maximum
temperature is 26° C (80° F) and minimum temperature is 4° C (40° F). The weather is
usually sunny and dry with the short rains occurring February to April and the heavy rain

begin in mid-June and ending in mid-September (US Department of State, 1998).
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2.2 Water Resources of Ethiopia

Ethiopia is endowed with a substantial amount of water resources. The surface
water resource potential is impressive but little developed. The country possesses twelve
major river basins (FAO, 2005), which form four major drainage basins (table 2.1):
¢ The Nile Basin (including Abbay or Blue Nile, Baro-Akobo, Setit-Tekeze/Atbara and

Mereb) covers 33% of the country and drains the northern and central parts westward.

%

% The Rift Valley (including Awash, Denakil, Omo-Gibe and central lakes) covers 28%
of the country.

¢ The Shebelle-Juba basin (including Wabi-Shebelle and Genale-Dawa) covers 33% of
the country and drains the southeast mountains towards Somalia and the Indian
Ocean.

+«+ The North East Coast (including the Ogaden and Gulf Aden basins) covers 6%of the
country.

Integrated development master plan studies and related basin surveys, undertaken
at the end of the 1990s, indicate that the aggregate annual runoff from Ethiopian river
basins is about 122 x 10°%km?® (table 2.2). Abay, Baro-Akobo and Omo-Gibe basins
account for about 76% of the total runoff from an area of only 32% of the total area of the
country. Most of the rivers in Ethiopia are seasonal and about 70% of the total runoff
takes place during the months of July-August. Dry season flow originates from springs,
which provide base flows for small-scale irrigation. The ground water potential of the
country is estimated to be 2.6 billion cubic meters. Intense rainfall sometimes causes
flooding particularly along the Awash River and in the lower Baro-Akobo and Wabe-

Shebelle river basins, causing damages on standing crops and infrastructure (FAO, 2005).
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Table 2.1 Area and runoff by river basin for Ethiopian water system (MoWR 2002)

Annual
Major River Area % of total |Runoff % of Total
Drainage Basin (10" m? Area (%) (km3/yr) Runoff (%)
system (10° m?) (%) (km®/yr) (%)
Nile Basin 36,881,200 32.4 84.55 69
Blue Nile 19,981,200 (17.6 52.6 42.9
Baro-Akobo 7,410,000 6.5 23.6 19.3
SetitTekeze/Atbara8,900,000 (7.8 7.63 6.2
Mereb 590,000 0.5 0.72 0.6
Rift 31,764,000 27.9 29.02 23.7
Valley Awash 11,270,000 9.9 4.6 3.7
Denakil 7,400,000 6.5 0.86 0.7
Omo-Gibe 7,820,000 6.9 17.96 14.7
Central Lake 5,274,000 4.6 5.6 4.6
Shebelli-Juba 37,126,400 (32.7 8.95 7.3
Wabi-Shebelli 20,021,400 (17.6 3.15 2.6
Genale-Dawa 17,105,000 (15.1 5.8 4.7
North East 7,930,000 |7 0 0
Coast Ogaden 7,710,000 6.8 0 0
Gulf of Aden 220,000 0.2 0 0
Total 113,701,600 (100 122.5 100

Ethiopia has several lakes (about 7,000 km?), a number of saline and crater lakes
as well as several wetlands. All lakes, except Lake Tana, which is the source of Abbay
River in the Nile Basin, are found in the Rift Valley and among these lakes only Zway
has freshwater while others are saline. Rising of Lake Tana and Lake Awassa after

intense rainfall is creating concerns to the city of Bahir Dar and Awassa respectively.



Large wetlands serve as source of water for large rivers, flood retention and groundwater

recharge (FAO, 2005).

Table 2.2 water sources and use in Ethiopia (FAO, 2005)

Renewable water resources Year Value Unit
Average precipitation 848 mm/yr
Total actual renewable water resources 122 10° m¥lyr

Total actual renewable water resources
per inhabitant 2004 1,685 milyr

Total dam capacity 2002 2,458 10°m?

Water withdrawal

Total Water withdrawal 2002 5558  10°mlyr
-irrigation +livestock 2002 5204 10°mlyr
-domestic 2002 333  10°mPlyr
- industry 2002 21 10°m3/yr

-per inhabitant 2002 86 m?

-as % of total actual renewable

water resources 2002 4.6 %




Ethiopia has many small, medium and large reservoir dams constructed for
hydropower generation, irrigation and drinking water supply. Small dams are less than 15
m high and have a capacity of less than 3 million m®. The height of the medium and large
dams in Ethiopia is 15 -30 m and their capacity ranges from 4 to 1,900 million m®.
Totally, there are nine medium and large dams, with a total capacity of almost 3.5 km®.
Two large dams are used for hydropower generation only, one dam is used for irrigation
and supply and hydropower generation, two dams are used for irrigation supply only and

the remaining four supply to the Addis Ababa city and Gonder town.

2.3 Transboundary Waters and the Nile Basin Initiatives

(Gulilat, 2002) described that 75% of the rivers, which originates in highlands of
Ethiopia, cross the borders and feed neighboring countries. These Transboundary Rivers,
particularly the Nile Tributaries (Abbay, Tekeze, and Baro-Akobo) are also source of
conflict with the down stream riparian countries like Sudan and Egypt. Ethiopia also
contributes 86% of the Nile water.

There are ten countries that make up the Nile River Basin. Some of the countries
have only a small part of their area within the basin, whilst others are virtually entirely
within the Basin (Figure 2.2). All the countries contribute differently to the basin and
have different needs for the water and other resources of the basin (NBI, 2005).
International efforts and policy direction have brought together the partners in the Nile
basin under the umbrella of the Nile Basin Initiative (NBI) (Gulilat, 2002). The Nile

Basin Initiative created and prepared a Strategic Action Program, which consists of two



sub-programs: the Shared Vision Program (SVP) and the Subsidiary Action Program
(SAP). SVP is to help create an enabling environment for action on the ground through
building trust and skill, while SAP is aimed at the delivery of actual development projects
involving two or more countries. Projects are selected by individual riparian countries for
implementation and submitted to the Council of Ministers of the Nile Basin Initiative for

the approval (FAO, 2005).

10
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CHAPTER 3: METHODOLOGY
The previous chapters gave background information about the objective of the
research and discussed previous water resource studies done in Ethiopia. This chapter

discusses details of data used for applying Arc Hydro tools for Ethiopian Watersheds.

3.1Geographic Information Systems (GIS) Data
GIS is a system of computer software, hardware, data and personnel to help
manipulate, analyze and present information that is tied to a spatial location
(ESRI,2005):-
e Spatial location —a geographic location
e Information — visualization of analysis of data
e System — linking software, hardware and data

e Personnel- a thinking explorer who is key to the power of GIS

GIS data about major streams, major basins and waterbodies of Africa were
obtained from the Food and Agricultural Organization (FAO) GeoNetwork. GeoNetwork
allows for easily sharing geographically referenced thematic information between
different FAO Units, other United Nations (UN) Agencies, Non-Governmental

Organizations (NGO's) and other institutions.

3.1.1 MAJOR AFRICA’S STREAMS

Stream data of Ethiopian watersheds were obtained from FAO GeoNetwork

(FAO, 1998). This digital data layer is a 1: 5, 000, 000 shapefile with the rivers of Africa

12



that was digitized in 1994 for the United Nations Environmental Program (UNEP) and
Food and Agricultural Organization (FAO) Desertification Assessment and Mapping
Project.

The dataset consists of the following information:

e GIS generated codes (FNODE_, TONODE_, AFRIVLL )

e a code to describe the hydrological rank of the river starting with rank 1 for the
most upstream contributories and counting downstream according to Strahler's
stream order method (RNK)

e acode to show the hydrological regime (1 = perennial, 2 = intermittent)

e acode that combines the two codes in one value (CODE, first digit RNK, second

digit REGIME)

13
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3.1.2 MAJOR DRAINAGE BASINS

GIS data on major drainage basins were obtained from FAO GeoNetwork (FAO,
1998). The dataset divides the African continent according to its hydrological
characteristics (Figure 3.2) and consist of the following information:
e numerical code and name of the major basin (MAJ_BAS and MAJ_NAME)
e area of the major basin in square km (MAJ_AREA)
e numerical code and name of the sub-basin (SUB_BAS and SUB_NAME)
e area of the sub-basin in square km (SUB_AREA)

e numerical code of the sub-basin towards which the sub-basin flows

(TO_SUBBAS)

15
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3.1.3 INLAND WATER BODIES OF AFRICA

The Shape file of inland water bodies in Africa was obtained from FAO
GeoNetwork (FAO, 1998). This dataset originates from the Digital Chart of the World
1:1000000. The water bodies for Africa have been characterized as lake, lagoon,
reservoir etc.) . The data layer presented contains all the water bodies that had a name and

were not characterized as river. The dataset consists of the following information:

GIS generated codes (FID, AF_WTR_ID)

Area of waterbody (SQKM)

Name of waterbody (NAME_OF _WA)

Type of waterbody (TYP_OF _WA)

17






3.1.4 CREATING AND ADDING ETHIOPIA’S OUTLINE SHAPEFILE

The shapefile of Ethiopia’s outline was created from Environmental System
Research Institute (ESRI’s) World Basemap Data. Basemap data are used to create maps
of geographic features such as country boundaries, city points, rivers, roads, railroads,
and airports. The World Basemap Data includes data layers from a variety of ESRI
products, including Arc Atlas, Arc World, and digital map of the World. ESRI assembled
selected data layers from these sources into a Spatial Database Engine (SDE) database to
provide a continuous display of basemap data from a small-scale global display to a
medium-scale regional display.

The Data Downloader opens the ESRI World Basemap; Ethiopia’s shapefile was
selected by entering Ethiopia in the search box and using the Zoom and Pan Tools to
adjust the area. This action displays the Select windows layer. The default is all available
layers. All layers include: Countries and Regions (Data and Maps), Major Rivers (Arc
Atlas), Water Bodies (Arc Atlas), Major Highways (Arc Atlas), and Major Cities (Arc
World). Then the Major Rivers, Water Bodies and Countries layers were checked and the
other two layers were unchecked. Then the Download file was clicked to retrieve the

shape file for Ethiopia and Ethiopia’s shape file was retrieved as shown in figure 3.4.

19



Figure 3.4 Shape of Ethiopia and its neighboring countries (ESRI, 2005).

3.1.5 SUMMARY OF GIS DATA AND SHAPE FILES

All the GIS data for Ethiopia was clipped out from Figures 3.1, 3.2, 3.3 and 3.4 in
ArcGIS desk top and layered as shown in Figure 3.5. The basins shape file protruded out

side of Ethiopia’s political boundary since some of the basins are shared between
20



Ethiopia and its neighboring countries. The streams shape files showed all the streams
from Hydrolk. HYDRO1k, developed at the U.S. Geological Survey's (USGS) Earth

Resource and Observation System (EROS) Data Center, is a geographic database

providing comprehensive and consistent global coverage of topographically derived data
sets with a spatial resolution of 1 km (USGS,2003). The water bodies shape file showed

all the lakes in Ethiopia that lies in the rift valley system except Lake Tana.

= EthioHydrolkStreams

= EthioHydroiKWaterbodies
O
= Caunkry

O

= EthioHydro1KBasins
[

Figure 3.5 Ethiopia Country’s boundary, Streams, Water Bodies and Basins from HydrolK.
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CHAPTER 4: GETTING DIGITAL ELEVATION DATA

4.1 Shuttle Radar Topography Mission (SRTM)

The Shuttle Radar Topography Mission (SRTM) obtained elevation data on a
near-global scale to generate the most complete high-resolution digital topographic
database of Earth. SRTM consisted of a specially modified radar system that flew
onboard the Space Shuttle Endeavour during an 11-day mission in February of 2000.
The data are published in 1-arc second (30 m resolution) grids for the US and 3 arc

second (90 m resolution) grids for the rest of the globe from 56° S - 60 ° N latitude.

I bazeli
| g Tranzmitted Wave
ﬁ-—-—-——--—._ﬂm — A Received Wave

Radar signals being transmitted and recieved in the SRTM mission
(image not to scale).

Figure 4.1 lllustration of interferometry on the Endeavour (JCP, 2005)

Two radar data sets were collected at the same time separated by 60 m, the
distance between the main antenna and the outboard antenna (Figure 4.1). Knowing the
distance between the two antennas and the differences in the reflected radar wave signals,

accurate elevation of the Earth's surface was calculated.
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4.2 Obtain SRTM data
There are several sources available from which SRTM data can be obtained,

including:

NASA (raw data): ftp://e0Omss21u.ecs.nasa.gov/srtm/

USGS (somewhat corrected data): http://seamless.usgs.gov/

CGIAR (No Data holes filled): http://srtm.csi.cgiar.org/

The Consortium for Spatial Information (CIS), an initiative of the many
geospatial scientists with in the Consultative Group for International Agriculture
Research (CGIAR), site is the best data source since Data holes are filled and the data are
ready for use. The CGIAR-CSI GeoPortal provided SRTM 90m Digital Elevation Data
for the entire world as shown in Figure 4.2. However, they are not provided in a
“seamless” data format and several tiles must be mosaiced together. The DEM files are
available for down load as 5 degree * 5 degree tiles in geographic coordinate system -
WGS84 datum.

These files are available for download in both Arc-Info ASCII format, and as

GeoTiff, for easy use in most GIS and Remote Sensing software applications.
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2} CGIAR-CSI SRTM 90m DEM Digital Elevation Database - Microsoft Internet Explorer,

File Edit View Favorites Tools Help

The CGIAR Consortium for Spatial Information (CGIAR-CSI)

o o
g n

WP CGIAR r J_\pplying GeoSpatial Science
S | S for a SustainableFuture...

B | HOME L= =l HORME BDISCLAIMER EHELF

SETM Content

= SRTM %0m Database
® About SRTM Imagery

= SETM Data Processing
Methodology

How to Search for
Data?

= SRTM Drata Search and
Downlead

3 SETM Quality
Assessment

m CIAT Landuse Project

u Disclaimer

= Corttact li= Processed SRTM 90m Digital Elevation Data (DEM) for the Entire Globe Now Available

Online: v
| 3

£
@ 0 Internet

Figure 4.2 Processed SRTM 90m Digital Elevation Data (DEM) for entire globe (CGIAR, 2005)

From Figure 4.2 selecting SRTM Data Search and Download and then entering

the Latitude and Longitude of choice will allow choose SRTM data of interest. This
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yields the world map divided in to 60 rows and 72 columns as shown in Figure 4.3.

a SBTM Data Search - Microzoft Internet Explorer,

File Edt “iew Favortes Tools Help .3’
e = = 5 : ~ T E

Qi ©- X @G Lo o @3- 5 B -1 B

Address @ hittp: /#sitm csi cgiar org/SELE CTION finputCoord asp V| Go  Links >

Google - | v| & Seaichweb ~ g3 [ Oblocked 5] 2ucril | Y Options 2

SRTM Data Selection Option

Cirect Link to FTP Down #*

(O Mutiple Selection () Enable Mouse Drag (=) Input Coordinates

Uszer can input co-ordinstes of their choice, in different modes (Decimsl Input, DegMinsSec). Minimuwn and Maximum exdremes have to be specified for both longitude and kstitude.

O Decimal Degrees (e 345, -100.5) ODegreas: Mirutes: Seconcs iz 34 30 00 M, 100 30 00 )
Longitude - min: [30 max: [15 Longitude - min: East s [T || (B [

Longitute: 6721 Latitude:5000 TileX:23  Tile ¥:1 @ GeoTitt (O Arcinfo ASCI

T

L R
I

1a | [ ksl 1 11
£

@ B Internet

Figure 4.3 SRTM data search page in Microsoft Internet explorer (CGIAR,2005)

To select SRTM data for Ethiopia, enter the coordinates: 30-48° Longitude and 3-
15° Latitude. Then select Search. This will select 12 tiles that can be readily downloaded

as shown in Figure 4.4. The SRTM data from this option is in GeoTiff format.
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3 SRTM Search Besults - GeoTiff - Microsoft Internet Explorer

File Edit “iew Favortes Toaols Help ”
e Back - -\-;) @ @ (h p Seaich “:,/"r\\'{ Favorites @ 8v .‘{_; E |_J .‘3

Address @ http:/ Azt csi. cgiar.org/SELECTIOM st mages. asp v| Go Links **
Google - v| @ Seachweb - g3 [ 0blocked ] AutcFil | [l Options 0

Product ; SRTM 90m DER

Data File Hame :  sritm_43_11.zip

Mask File Hame: srtm_mk_43_11.zip

Latitude min: Sk max: 10N

Longitude min: 30E max: 35E

Center point:  Latitude 750 M
Longitude 32.50 E

¥, Dt Download (FTP) %, Dats Dawnload (HTTP) ¥, Data Mask Downlosd (FTP) ¥8, Data Mask Download (HTTP) TP

Product : SRTM 90m DEM

Data File Hame @ srtm_44_11 zip

Mask File Hame: srtm_mk_d44_11 zip

Latitude min: Sk omax: 10N

Longitude min: 35E max: 40E

Center point:  Latitude 750 M
Longitude 37 50 E

%

Figure 4.4 SRTM search results in GeoTiff format (CGIAR, 2005)

Alternatively, it is possible to select Direct Link to FTP Download and select
and download all the tiles at once. In this case, Arc info ASCII option is checked instead
of GeoTiff. This option is relatively time consuming and used to down load SRTM data

for Ethiopia.
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E Options 4
Size Type Modifi 7+
Folder Tasks 264 ME  WirZip File 526/
@ Maove the selected items j: 2 mg x:g:; ::: :jggjz
Q) Copy the selected items 43 132.2p IETME WirZip File 51264
K Delete the selected items CDsrtm_43 14.2ip 400ME  ‘WinZip File 5/26/z
Cdlsrtm_43_15.2ip 407ME WinZip File 5/26/2
|| Dsm_a3 16.20p 41.0ME  winZip File 5126/
Other Places A0 Tl stm_43_17.2ip 0AME winZip File 5/26/;
Blooe o T srtn_43_18.2ip 247ME  WinZip File BI26/:
4y Doctments CDartm_43 19.2ip 181 ME WinZip File B/26/2
- CDartm_44_01.zip 230ME winZip File 5/26/z
3 My Network Places C srtm_44_02.2ip Z58ME WirZip File 51264
Colsrtm_44_03 zip 203ME WinZip File 5126/
- v | Cllstm_44_04.zip 177 MB winZip File B/26/:
Details > B T ortm_44_05.2ip H7ME WirZip File 5/254
CDartm_44_06 zip IIEME WinZip File 5/26/z
CDartr_44_07.2ip IEEME WinZip File 5/26/2
Cdlsrtm_44 08 zip 240ME WinZip File 5/26/2
E ip 07ME WinZip File BI26
51.9ME  winZip File 5426/
B34 ME winZip File /264
L 44 391 ME  WinZip File 5/26/2
CDattm_44_132ip 433ME WinZip File 5/26/z
Clartm_44_14.zip I7EME WinZip File B/26/z
Cllsrtm_44_15.2ip I7AME WinZip File 5/26/z
Cdlsrtm_44_16.zip 205ME  WinZip File 5126/
Cdsetrn_44_17.zip 222MB WinZip File /264
[T srtrn_44_18.zip WIKE WinZip File A2/
Clartm_44_22.7ip 418KE  WinZip File B/26/z
T artm_45_01.zip 234ME WinZipFile 5/26/2
Cdlsrtm_45_02.zip 232ME WinZipFile 5/26/z
@srtm_45_[|3.2|p 227MB  Windip File BI2B4:
Cosrtm_45_04.zip 448ME  WinZip File 5426/
By imiim e o e o
< |
User. Anonymous B Interet

Figure 4.5 SRTM Data zip files in ASCII format (CGIAR, 2005)

Right clicking and selecting Copy to Folder, will select the folder where the
SRTM zip files for selected coordinates to be downloaded. For instance, to download all
the data for  Ethiopia, the following zip files were selected:
srtm_43 12.zip,srtm_44 12.zip,srtm_45 12.zip,srtm_46_12.zip, srtm_43 11.zip,
srtm_44 11.zip,srtm_45 11.zip,srtm_46_11.zip,srtm_43_10.zip, srtm_44 10.zip,

srtm_45 10.zip and srtm_46_10.zip as shown in Figure 4.5.
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4.3 Convert ASCII to Raster Grids

The zip files from Figure 4.5 were unziped and the tiles from the downloaded
files were saved in separate directories. In order to display the raster grids in ArcMap the
following tool was used to convert ArcASCII format:

ArcMap: ArcToolbox: Conversion Tools: To Raster: ASCII to Raster

Open Bl
Laok in: |/ srtm_46_12 j - £ -

l.j azcito_s_461

() imfa

=0 5_45 12850

Cancel

[T Open as read-only
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** ASECIl to Baster

Input ASCII raster file

[\ Classes\CE 383\GRT mbsttm_46_1245_46 12,350
Cutput raster
IZ:'\EIasses\EE JBMSRTmhartm_46_12%45C1Ta 5462 D’"l
Qutput data type (optianal)
INTEGER =]
0k, | Cancel | Ervironments. . | Show Help »»

Figure 4.6 Converting files from ASCII to raster format.

After processing each of the four downloaded tiles, we have the result shown in Figure

4.7.
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| Untitled - ArcMap - Arcinfo

File Edit “iew [nzert Selection Tools Window Help

Tenain Preprocessing > ‘Watershed Processing > Attibute Tooks = Metwark Tools ~ apUtiities = 5 %, 2% Ta 3 P Help

|
J
J Spalial Analyst ~ | layz, | = 7 J = | §| F= - % | o |\-|; “1:14,355,319 | ”§| &S ||§?
| e
I
J

> Task: ICreateNeeralure _||Target| d‘f@||”mm@|ﬂ ) ||;|ﬁ
::::@o«-bnﬂ X LYEERS

et | ] Flow e | Analysis ¥ Jj Trace Task: [Find Common Arcestars = A J|<Layers> =l |<T5Types>

x s

EF=; ~
= asciita_s_461
Yalue
High : 471

Lows - -30
= ascita_s_481

Walue

High : 2002

Low : 15
=] ascito_s_451

Walue

High : 2505

Lowy : -BE
= ascito_s_451

Yalue

High : 1341

Lows : -26
=] asciita_s_451

Yalue

High : 3388

Lo : 192
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Walue

Display ISource Selection ’; o= _I

| 487422932 15°4E1BON | i

5

Figure 4.7 Tiles of rasters for SRTM 90m.

4.4 Mosaic Multiple Grids

Since there are 12 tiles Ethiopia, all the tiles were mosaiced together into a larger
grid using ArcToolBox (in ArcCatalog or ArcMap). The following command will
mosaic all the grids from N3E030 to N15E048 into a single grid :

ArcMap: ArcToolbox: Data Management Tools: Raster:

Mosaic_to_New_Raster
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#2 Mozaic To Hew Bazter

Input Rasters

4 Clazeezh\CEIFNSE Tmbertm_43_10Nazcito_s_ 431
£ Clazeezh\CEIFNSE Tmbertm_43_11%azcito_g_ 431
& AClasses \CEIBPSATrbartm_43 12%azcito_s_ 431
4 Clazeez\CEIFNSE Tmbertm_44 10Nazcito_g 441
4 Clazeez\CEIFNSR Tmbertm_44 11%\azcito_s 442
4 Clazeezh\CEIFNSE Trmbertm_44 12\azcito_g_ 441
4 Clazeezh\CEIFNSE Tmbertm_45_10Nazcito_s_ 451
£ Clazeezh\CEIFNSE Tmbertm_45_11%azcito_g_ 451
£ Clazeezh\CEIFNSE Tmbertm_45_12\azcito_s 451
Z:M\Clazees\CEIBISATrhertm_46 10%azciito_z 461
4 Clazeezh\CEIFNSE Tmbertm_46_10Nazcito_s 467

le |+ | % |+ |%

Qutput Location
Iz:'\DaSSES'\.EE BB T rmhemart

&

Raster dataset name with extension

[[Ethic_DEM

(] I Cancel | Ervironments. . Show Help >

Figure 4.8 Mosiac to raster dialog box

Finally, the resulting DEM was added to the display. A single tile for the whole region as

shown in Figure 4.8.
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% | Ethiopia - ArcMap - Arclnfo!

File Edit “iew Inzent Selection Tools 'window Help

Terain Preprocessing ™ Watershed Processing «  Attibute Tooks ~  Nebwark Tools = Aplltities -5 @ 52 T2 @ B Hep
Spatial Analyst ¥ | LLayer: [ sedem B2 J == §| SAMEEN R | o |\'I; JIWJ ”E| & 3 |R‘?
> Task: ICreateNeeralure L||Target:| ;IJX@||”@@@|E ENE |J3Jﬁ
::::@Oi--b@nomﬁ; 2

Hetwork: Iaf Sheams_Met j Flaw = = | Analysis ﬁj Trace Task: |Find Common Ancestars j A J|<Layers> j |<T5T_\JDBS>

Editor +

| £
J
J
J
| @
J

EN=3 Layels ~

Low : 236
= O Country Boundaries 2

= 5C_shreams -
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[
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[
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[
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Walue
High : 2147483647

Low : D
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Walue
[ ] High : 4591 “
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| [15B9826.14 38383710 Meters | /J

Figure 4.9 Mosaiced DEM of Ethiopia and its surroundings

4.5 Remove “NoData” Values from DEM

One of the problems that arises during mosaicing multiple grids together is that
you can receive no-data values at the seams between the grids as shown in Figure 4.7.
Cells with NoData value are those cells for which a valid value is not known such as a
cell past the edge of a quadrangle. NoData and “0” (zero) are not the same- 0 is a valid
cell value. These NoData areas will cause significant problems later during the terrain

processing procedures and they must be patched.
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This problem can be fixed by resetting the NoData values for the DEM grid in ArcView
GIS using the following three methods:
0. For small holes, the NoData value can be set to zero using the following
command to fill the holes:
ArcMap: Spatial Analyst: Raster Calculator:
Con (isnull ([raster]), O, [raster])
2. For medium sized holes of NoData, the following command averages the values
surrounding NoData and fills the holes:
ArcMap: Spatial Analyst: Raster Calculator:
Con( isnull( [raster] ), focalmean( [raster] , rectangle, 5, 5 ),
[raster])
This procedure had to be repeated several times to fill all of the holes. The resulting raster
is in the floating-point format and it needs to be converted back to integer using the
following command:
ArcMap: Spatial Analyst: Raster Calculator: Int( [raster] )
Then, the resulting grid is made permanent as follows:

ArcMap: Right Click on Grid: Make Permanent

3. Finally, larger holes, like in Denakil depression, can be filled by resampling from the
old 1 km data from the following site:

http://edcdaac.usgs.qov/gtopo30/hydro/readme.asp#RasterDataFormats
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The 1 km grid had to be transformed from “*.bil” form to a regular ARC/INFO grid with
the command IMAGEGRID. IMAGEGRID does not support conversion of signed image
data, therefore the negative 16-bit image values will not be interpreted correctly.

ARC: imagegrid [input bil file name] [in grid]
After running IMAGEGRID, an easy fix was accomplished using the following formula
in GRID:

GTOPO30 Raster = con (in_grid >= 32768, in_grid - 65536, in_grid)
Clipping your basin DEM [Basin DEM Raster], and the 1 km DEM [GTOPO30 Raster],
using the mask (see below) and the larger DEM

[Clipped_Basin_DEM_Raster] = Mask * [Basin_DEM_Raster]

[Clipped_GTOPO30 Raster] = Mask * [GTOPO30_Raster]

Resample the 1 km DEM [Clipped GTOPO30 Raster] to 90 m DEM using the

following command:

Arc Toolbox: Raster: Resample ([Clipped_GTOPO30_Raster],
use cell size of your DEM)
Make it permanent with the name [resample GTOPO30 Raster]
Finally, fill the NoData in your DEM [GTOPO30 Basin DEM Raster] with the 1 Km
DEM 90m data [resample GTOPO30 Raster]
ArcMap: Spatial Analyst: Raster Calculator:
Con( isnull( [Clipped_Basin_DEM_Raster] ),

[Resample_ GTOPO30_Raster],
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[Clipped_Basin_DEM_Raster]

Figure 4.8 final result of resampling
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Figure 4.10 Seams at the boundary of quadrangle.

4.6 Define the Spatial Reference for the Grids

Spatial Reference provides the description of the reference frame for, and the
means to encode, coordinates in a data set. Since the Spatial Reference of the

gridsdiscussed in the previous section has yet been defined, it should be defined as

follows :

ArcCatalog: Right Click on Grid: Properties Scroll down to “Spatial

Reference”
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Haster Dataset Properties

General
Froperty | Yalue | -
Caomprezzion Default
=l Extent
Top 15000471 6642439938
Left 3000041 BEEEESE001
Right 3500041 BRBEES 2997
Biattamm 1000041 6642441998
=l Spatial Reference <IUndefined: Edi...
Linear Unit
Angular Uit
= Statistics Options =
= ASCHTo 5_43
Build Parameters zkipped columnz: 1, raws: 1, ignored value:
bir 355
[LEY] 1342
b exan 488, 26ELEEEEEEEE Y
Std devw. 132.0530348502324
Classes 0
“

Ok I Cancel Lol

Figure 4.11 Raster dataset properties

Make sure the Define the “coordinate system interactively” option is selected.

Click Next.
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* Define Projection Wizard [coverages. gnds. TINz]

I FHEl]

Figure 4.12 Define projection wizard

Select the Geographic projection with decimal degrees (DD) and a WGS-1984
datum. This is not a map projection. The Geographic Reference System maps locations
on a globe using latitude and longitude. This system treats the globe as if it were a sphere

or spheroid.
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' Define Projection Wizard (cov...g]

What is the projection of your dataset?

Projections

Cylindrical Equal-Area Mot a map projection. The

~
Eckert IV —  |Geographic Reference System
Eckert VI maps locations on a globe using
Equidistant (1 std parallel) latitude and longitude. This
Equidistant (2 std parallels) system treats the globe as if it
Equirectangular were a sphere or spheroid.

Flat Polar Quartic
Gall Stereographic
Geocentric
‘Geographic
Gnomonic

Great Britain Grid
Grinten
Hammer-Aitoff
Lambert Azimuthal
Lambert Conformal

153

< Back Mext = Cancel

* Define Projection Wizard (cov...g]

Summary of your input

Input dataset: C:\temp'SRTM-Romania-CGIAR \cgiar_ro

Projection: Geographic
Units: oD

Datum: WGES 1984

Save to AML...
< Back

Cancel

Figures 4.13 Define projection wizard dialog boxes

Review the summary of the coordinate system that will be assigned to the grid. If
you want to change an entry, go back through the wizard by clicking the Back button.
Click Finish if you want to use this coordinate system. The coordinate system and its

parameters appear in the Raster Properties dialog box. Click OK in the Raster Dataset
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Properties dialog. This procedure defined the spatial reference of the Raster Dataset as

shown in the following diagram.

Raster Datazet Properties

General
Fropery | Walue | ~
Mol ata Y alue
Colarmap absent
Pyramidz prezent
Compressian Drefault
= Extent
Top 15.00041 6642439938
Left 30.00041 BEERRRRO0T
Right 35.00041BEEEER3997
Battann 10.000416642441998
El Spatial Reference GCS WGES_ 1984 Edi...
Lirear Unit
Angular Unit Degres [0.01745323251534.3239]
Dratum D_wiGS5S_1984
[=] Statistics Optionz  »
= ASCHTo 5_431
Build Parameters skipped colurng: 1, rows: 1, ignored value:
Min 355
b av 1047 o
] I Cancel e 1

Figure 1.14 Raster dataset properties dialog box
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4.7 Project Grids

Project the grids into your working projection with the appropriate cell size (e.g.,
90m at the equator) as follows:
ArcMap or ArcCatalog: ArcToolbox: Data Management: Projections and
Transformations: Raster: Project Raster
For this research, the Albers system was chosen as the Coordinate system in order that
areas and distances are computed correctly later. The Albers System has the following
properties
The Cell size: 92.076753327191767 m
Projection: Albers
Parameters:
False_Easting: 0.000000
False_Northing: 0.000000
Central_Meridian: 25.000000
Standard_Parallel_1: 20.000000
Standard_Parallel_2: -23.000000
Latitude_Of_Origin: 0.000000
Linear Unit: Meter (1.000000)
Geographic Coordinate System:
Name: GCS_WGS 1984
Angular Unit: Degree (0.017453292519943299)

Prime Meridian: Greenwich (0.000000000000000000)
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Datum: D_WGS_1984
Spheroid: WGS_1984
Semimajor Axis: 6378137.000000000000000000
Semiminor Axis: 6356752.314245179300000000

Inverse Flattening: 298.257223563000030000

Coordinate System |><N Dnmainl zZ Dnmainl | Domainl

Mame:  WES_1984_Albers

Details:

Geographic Coordinate System: ~
Mame: GCS_WIGS_1984
Lliaz
Abbrerviation:
Remarks:
angular Unit: Degree [0.0174532925713343239)
Prime Meridian: Greenwich [0.000000000000000000]
Dratum; D_WwWGES_1984
Spheraid: WGES_1984
Semimajor Axis: 6378137 000000000000000000
Semiminor Axis; 6306752, 3142451 73300000000
Inverse Flattening: 298, 257 223563000030000

Select... Select a predefined coordinate system.

Import a coordinate system and X5, 2 and M
Impart... domainz from an existing geodataset [e.q.,
feature dataset, feature class, raster).

i

Mew.. - Create a new coordinate system.

- Edit the propertiez of the curently selected
M adiy... coordinate system.

Clear Sets the coordinate system ta Unknown,

Save As.. Save the coordinate system ta a file.

] | Cancel I Apply

ddd
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Project Baster EE&E

Z:MEthiopiaDlE 1 2Feb0ENSRTM-E thiopia‘MergedR ast IT
- \EthiopiaDEM12Feb0545R TM-Ethiopiattd ergedR astershPro IT

WG5_19354_Albers Ig
92736010 IT

Figure 4.15 Project Raster dialog box

Click OK and the result is calculated

Open ArcMap. Find and display the new grid as shown in Figure 4.15.
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Figure 4.16 Regional DEM after projection
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4.8 Make Buffer for Area of Interest

Create a new Geodatabase for the project: Ethiopia_GDB.mdb. Also,
create a new FeatureDataset named Base in the new Geodatabase, with the same
coordinate system as the Projected DEM from the previous section.
Export the Ethiopia country boundary polygon from the NEW_DEM Coverage into the

Base FeatureDataSet, name it Ethiopia _Boundary.

Display the Ethiopia_Boundary polygon on the map.
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Figure 4.17 Regional DEM and Ethiopia country boundary
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Create a 50-km buffer polygon [Buffer_of Ethiopia Boundary] around the

boundary using buffer wizard as follows:

ArcMap: Tools: Buffer Wizard
Distance: 50 km
Dissolve: yes
Outside and include inside
Location and name: eg., “[Buffer_of Ethiopia_Boundary]”

Buffer, Wizard %

— Haow do pou want to create buffers’?

% &t 3 specified distance |5':| _I? Kilometers

™ Based on a distance from an attibute

AREA, Bl iniometers o @ .
™ &g multiple buifer rings
i T ]
[ Lt af s 3 =i @ @ @

[istance betweer nngs: 1 =i Frlanmetens
— Buffer distance
Distance unitz are: Kilometers j

¢ Back I Mext > I Cancel
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Buffer Wizard 3]

— Buffer output bupe

Dizzolve barriers between & Yes @ Mo

— Create buffers so they are
" inzide and outside the polygon(z]

™ anly outzide the polygan(s) ‘

™ anly inside the polygon(z)

= putzide polygon(z] and include inside

—%here do you want the buffers to be zaved?
" Az graphics laver in data frame

7 |1 an existing editable [aper I j
' |nanew layer. Specify output shapefile or feature class:
IE:HEthiDpiaDEM'I 2Feb05\MewDEMMEthiopiaGDE. mdehBuffer_of Country_3 ﬁl

< Back I Finizh I Cancel |

=, ethio - ArcMap - Arclnfo
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Figure 4.18 Buffer wizards dialog box
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Add a field of “One” to [Buffer_of Ethiopia_Boundary]
ArcMap: Select [Buffer_of Ethiopia_Boundary]: Right Click: Open
Attribute Table

Attribute Table: Options: Add Field: Name [One]: Short Integer

ObjectlD* Shape* Shape_Length Shape_Area BufferDist
Palygon 5108053.725830 1354423560518 .58 =0

-
-

Record: ilill 1 _blﬂl Show:l Al Selectedl Records: [0 out of 1 Selected.) Options v|

Figure 4.19 Attribute table of Buffer of Ethiopia with field one

Attribute Table: Select Field [One]: Right Click: Calculate Values

Calculate Values: Value of One =1

Add Field [EX)

I ame; IDHE

Type:

— Field Froperties

Alias
Alloey MULL Yalues Yes
Default Value

Darmain
Precizion 0

k. I Cancel
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Field Calculator Ex
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BufferDist & Number P[] A
ObjectlD ﬁétn [[ ]]
one Sk 08
Shape " Expl ]

Fis[ ]
Shape_Area " Date Int [ ]
Shape_Length Lnog[ !

Sinf ]

Sarf | v

i

EIEE
one = I~ Advanced

1 Load... |

Save... |
Help |
Cancel |

Figure 4.20 Field Calculator dialog box

Create a raster [Buff_Raster] from [Buffer_of Ethiopia_Boundary] using the
following commands:
ArcMap: Spatial Analyst: Convert: Features-to-Raster
Input Feature: [Buffer_of Ethiopia_Boundary]
Attribute to Use: [One]
Cell size =92.076753327191767

Location and name: eg., “[Buff_Raster]”

Clip your basin DEM raster [Dem] to the area of the [Buff_Raster] by multiplying the

rasters:
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ArcMap: Spatial Analyst: Raster Calculator
[Buff_Raster] * [Dem]

Make the temporary raster permanet.
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CHAPTER 5: WATERSHED AND STREAM NETWORK
DELINEATION

5.1 Introduction

The previous chapter discussed how elevation data could be obtained from SRTM
data for Ethiopia. This chapter illustrates how to use the major functionality available in
the Arc Hydro tools for Raster analysis and perform drainage analysis on a terrain model
using the Digital Elevation Model of Ethiopia and Hydro 1 K streams. The Arc Hydro
tools are used to derive several data sets that collectively describe the drainage patterns of
the catchment. Raster analysis is performed to generate data on flow direction, flow
accumulation, stream definition, stream segmentation, and watershed delineation. These
data will then be used to develop a vector representation of catchments and drainage lines

from selected points.

5.2 Hydro Administrative regions of Ethiopia
Based on the flow direction of the streams, the country is divided into six hydro

administrative regions:
e The Blue Nile region (BN)
e The South West region (SW)
e The South Central region (SC)
e The South East region (SE)
e The Rift Valley region (RV)

e The North East-West region (NEW)
50



Since the Blue Nile region is the source of nearly 85 % of the Nile water and
vigorously erodes the country’s fertile soil, water shed and stream network delineation is
shown for this region. But, a similar procedure was followed for the rest of five hydro

administrative regions to develop the stream network delineation for the whole country.

5.3 Setting up the Arc Hydro tools

The Arc Hydro Toolset is a suite of tools that facilitate the creation, manipulation,
and display of Arc Hydro features and objects within the ArcMap environment. The
tools provide raster, vector, and time series functionality, and many of them populate the
attributes of Arc Hydro features. The Arc Hydro tools were installed from Center for
Research in Water Resources (CRWR) web site

(http://www.crwr.utexas.edu/qgis/gishydro04/index.htm).

The existing data for the Blue Nile (BN) basin, including bn_dem1 and BN hydro
1k streams, were added into ArcMap document and saved before the analysis of the
dataset using Arc Hydro tools as shown in Figure 5.1. The procedure of getting the blue
Nile Basin DEM is explained in Appendix A. Similar procedure was used to obtain the

DEM for the rest of the Hydro Administrative regions.
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Figure 5.1 the outline of Blue Nile DEM and hydro 1k streams

5.4 Terrain Processing

The purpose of terrain preprocessing is to perform an initial analysis of the terrain
and to prepare the dataset for further processing. Once preprocessed, the DEM and its
derivatives can be used for efficient watershed delineation and stream network

generation.
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All the steps in the Terrain Preprocessing menu were performed in sequential
order, from top to bottom. All of the preprocessing had to be completed before Watershed

Processing functions could be used (Maidment, 2004).

5.4.1 DEM RECONDITIONING

The DEM Reconditioning function (Terrain Preprocessing menu) modifies Digital
Elevation Models (DEMSs) by imposing linear features onto them (burning/fencing). This
function is an implementation of the AGREE method developed by Ferdi Hellweger at

the University of Texas at Austin in 1997.

5.4.2 FILL SINKS

The Fill Sinks function (Terrain Preprocessing menu) fills sinks in a grid. If a
cell is surrounded by higher elevation cells, the water is trapped in that cell and cannot
flow. The Fill Sinks function modifies the elevation value to eliminate these problems.

This function produced a Hydro DEM where sinks didn’t exist (Figure 5.2).
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Figure 5.2 Blue Nile DEM after sinks have been filled
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5.4.3 FLOW DIRECTION

This function computes the flow direction in a given grid by using “Fil_bn” hydro
DEM as an input (Figure 5.3). The values in the cells of the flow direction grid indicate

the direction of the steepest descent from that cell.

Figure 5.3 Flow direction grids for Blue Nile Basin
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4.3.3 FLOW ACCUMULATION

This function takes the flow accumulation grid as an input. It computes the
associated flow accumulation grid that contains the accumulated number of cells

upstream of a cell, for each cell in the input grid as shown in Figure 5.4.

45| 37144 | 45 14 ]s]s
40 34| 50| &0 11U L4418
sg 31|30 53 = % L1214
sof4s|3z2 |22 ?l | 28| ea ] 1] 7
DEM Flow path Flowdirection

G4

32 NO + 128 NE

16 Oy p | E ojirjr]o
olslolo
- olojiz]o
8 S0 v 2SE T T

48

8 directions Flowaccumulation

Figure 5.4 Flow direction and Flow accumulation models (Source Arc Hydro help)

The output of flow accumulation grid is shown in Figure 5.5.
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Figure 5.5 Flow accumulation grids for Blue Nile Basin

4.3.3 STREAM DEFINITION

This function takes the flow accumulation grid as an input and generates a Stream

Grid for a user- defined threshold (Figure 5.6). The resulting stream grid contains a value
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of "1" for all the cells in the input grid that have a value greater than the given threshold.

All other cells in the Stream Grid contain no data.

Figure

5.6 Stream definition grids for Blue Nile basin

5.4.6 STREAM SEGMENTATION

The Stream Segmentation function creates a grid of stream segments that have a

unique identification (Figure 5.7). Either a segment may be a head segment, or it may be
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defined as a segment between two segment junctions.  All the cells in a particular

segment have the same grid code that is specific to that segment.

/’/(ﬁ*),--

=205
e 'y
e i

Figure 5.7 Stream segmentation grids for Blue Nile Basin

5.4.7 CATCHMENT GRID DELINEATION

The Catchment Grid Delineation function creates a grid in which each cell carries

a value (grid code) indicating to which catchment the cell belongs. The value
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corresponds to the value carried by the stream segment that drains that area, defined in
the stream segment link grid. The output from catchment grid delineation is shown in

Figure 5.8.

Figure 5.8 Catchment grid delineation grids for Blue Nile Basin
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5.4.8 CATCHMENT POLYGON PROCESSING

The Catchment Polygon Processing function takes as input a catchment grid and
converts it into a catchment polygon feature class. The adjacent cells in the grid that
have the same grid code are combined into a single area, whose boundary is vectorized.

The output from catchment polygon processing is shown in Figure 5.9.
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Figure 5.9 Catchment polygon processing grids for Blue Nile Basin

5. 4.9 DRAINAGE LINE PROCESSING

The Drainage Line Processing function converts the input Stream Link grid into a

Drainage Line feature class. Each line in the feature class carries the identifier of the
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catchment in which it resides. The output from Drainage line processing command is

shown in Figure 5.11.

Figure 5.10 Drainage line processing grid for Blue Nile basin
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5.4.10 DRAINAGE POINT DELINEATION

This function generates the drainage points associated with the catchments.
The fields created by this function are:
1. HydrolD: Unique identifier of the drainage point in the Hydro database. System
generated.
2. GridID: GridID of the catchment draining to the drainage point.

3. DrainID: HydrolD of the catchment draining to this drainage point
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Figure 5.11 Drainage point processing grid for Blue Nile Basin

Similar procedures were followed to generate the catchments and streams lines
for the other five Hydro Administrative regions of Ethiopia. The final output is shown in

Figure 5.13.
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South Central

Figure 5.12 The six hydro administrative regions of Ethiopia and the associated streams.

The red lines show the Hydro 1k streams.
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CHAPTER 6: ARC HYDRO DATA MODEL AND FRAMEWORK

6.1ArcGIS Hydro Data Model

The Arc Hydro framework provides a simple, compact data structure for storing
the important geospatial data describing the water resource system (Maidment,2002). A
geodatabase model is generated in a series of steps, beginning with the definition of
classes and attributes in a Unified Modeling Language (UML) diagram created in Visio
2000. The second step is to export the diagram to a Microsoft repository format, which is
an equivalent tabular structure, or schema, for loading into Microsoft Access (personal
geodatabase) or other relational data servers (enterprise geodatabase). Finally, the data
are imported into the Arc Hydro format by applying the schema to an ArcGIS
geodatabase.
The ArcGIS Hydro Data Model (Arc Hydro) stores data in four feature datasets,
each corresponding to one of the main domains of the UML analysis diagram:
e Hydrography (map hydrography and associated data inventories),
e Drainage (drainage areas derived from digital elevation models or
manually digitized),
e Channel (3-D profile and cross-section representation of stream
channels), and
e Network (a geometric network representation of the connectivity of the

surface water features of the landscape).
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Associated with these four feature datasets are a set of object tables for additional
information, such as events defined on the river network, and time series of monitoring

data (Figure 6.1).

Network

Hydrography

Figure 6.1 ArcGIS Hydro Data Model (Maidment, 2002)

6.2Geodatabase design

A Geographic Information System (GIS) database design is founded on

geographic representations. For instance, entities can be represented as features (such as
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points, lines, and polygons); and continuous surfaces and imagery using raster. Arc
Hydro features for this research were organized in a series of thematic layers. A thematic
layer is a collection of common geographic elements, such as a road network, a collection
of parcel boundaries, soil types, an elevation surface, satellite imagery for a certain data,
or well locations (Arctur et al 2004). Before creating the Geodatabase for the Blue Nile
Basin and for the rest of the Ethiopian basins a study was performed regarding the
structure of the Geodatabase, the data that will be included in the Geodatabase and the

different types of relationships among the features and attributes.

6.2.1 CREATING GEODATABASE

A simple personal geodatabase was created in Arc Catalog for each Ethiopian
Hydro Administrative region after identifying the relation between the features classes
and attributes. Once created, the geodatabase is a Microsoft Access file called an ArcGIS
personal geodatabase.
Procedures:
e In the ArcCatalog tree (left window) navigate to the folder in which you will save
your geodatabase (for example, Ethio-Geodatabase). Right click on the Ethio-

Geodatabase folder and choose New -- Personal Geodatabase as shown in Figure 6.2.
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Figure 6.2 Creation of personal geodatabase

Change the name of the new personal geodatabase. The default is "New Personal
Geodatabase.mdb” so make it BlueNile to make it consistent with the Hydro
Administrative region name. Similarly, generate a personal geodatabase for each

hydro administrative region as shown in Figure 6.3. Be sure to leave the .mdb

extension.

o

EthioGeodatabaze
S RC et ile. mob
£ NorthE,.mdb

~£2) Riifevalley. mdb
N |
N |

SouthCentral. mdb
@ Southiwest. mdb

SouthE ast. mdb

Figure 6.3 Personal geodatabases for each Hydro Administrative regions of Ethiopia
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6.2.2 CREATING FEATURE DATASET

A “Feature Dataset” is a collection of related feature classes. Feature classes are
organized in an integrated feature dataset for many purposes- primarily to manage spatial
relationships among related feature classes (Arctur et al, 2004). The feature datasets
created for each hydro-administrative area geodatabase are shown in Figure 3.3.

Procedures

e Right click on the newly created file in the ArcCatalog tree. Choose New -- Feature

data set as shown in Figure 6.4.
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Figure 6.4 Creating a Feature Dataset
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e Name the new feature dataset Arc Hydro, and select Edit to set the projection and

map extent as shown in Figure 6.5.

New Feature Dataset llil

Mame: I.t’-‘n.lc Hudro

— Spatial Reference

Description;

Unknown Coordinate System ;I

Kl L|_I
[~ Show Details Edit... |

)4 I Caticel |

Figure 6.5 Geographic coordinate generation for new feature dataset

e Import the coordinate system of existing data, such as data from Hydro1lK documents

that were explained in chapter three (Figure 6.6).
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Figure 6.6 Geographic coordinates from Hydro 1K

e Finally, you will see that the coordinate system is specified. Then, Click OK

Spatial Reference Properties llil

Coordinate System |><.-"Y Domain | Z Domain | M Domain |

Name:  [WES_1954_Albers

Details:

Frojection: Albers
Parameters:
Falze_Easting: 0.000000
Falze_Morthing: 0.000000
Central_Meridian: 25000000
Standard_Parallel_1: 20.000000
Standard Parallel_2: -23.000000
Latitude_0F_Origin: 0.000000
Linear Unit: Meter [1.000000)
Geographic Coordinate System: LI

Select... Select a predefined coordinate system.

Import a coordinate system and =Y, Z and M
Impoit... domains from an existing geodataset (..,
feature dataset, feature class, raster).

[

Mew... =| Create a new coordinate spstem.

Edit the praperties of the currently selected
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Clear Sets the coordinate system ta Unknown,

Save bz Save the coordinate system to a file.

ddi

Ok | Cancel | Apply |

Figure 6.7 Albers Geographic coordinates from Hydro 1K.

The spatial properties dialog box has the following components:
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e Coordinate system

The coordinate system of a dataset identifies its projection and datum. The coordinate
system and datum should be set to be the same as any data intended to be loaded into the
dataset. This information allows ArcMap and other applications to represent your data in
the correct place relative to other data. Unlike the rest of the Spatial References, the
coordinate system information can actually be changes after it has been established; this
doesn’t reproject the data.

e XY domain

The XY Domain, or Extent, of a dataset is the range of X and Y coordinates values that
it will store. This permanently defines the area in the dataset that can contain features; in
a sense it defines the edge of the world with respect to the dataset. No features can have
coordinate values that are greater or less than these values. Features that exceed these
limits can’t be loaded or digitized in to the dataset.

e Precision

The precision is the number of internal geodatabase storage units allocated to each

Coordinate System unit.
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6.3.3 IMPORTING FEATURE CLASSES INTO THE GEODATABASE

A feature class is a collection of feature representing the same geographic
elements, such as rivers, water bodies, or catchment areas. All the features in a feature
class have the same spatial representation (for example, point, line, or polygon) and share
a common set of descriptive attributes (Arctur et al, 2004). Individual features in a feature
class can also share spatial relationship with other features. For Examples, adjacent
polygons share boundaries according to well -defined integrity rules (such as that Hydro
Administrative region can’t overlap one another).

The feature classes created in chapter five and those obtained from other sources,
such as those explained in chapter three were imported to the geodatabase as follows:

e Right-click on your feature dataset and press Import - Feature Class (single)... as

shown in Figure 6.8 and name is Hydro Edge.
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Figure 6.8 a and b. Importing feature Class to geodatabase

Similarly, other feature classes, such as monitoring points, watershed, and water

body were imported to the feature dataset for each Hydro Administrative regions.

6.4 Building an Arc Hydro Geodatabase and Geometric Network
To apply the schema to the empty geodatabase created in section 6.2, right-click
on the geodatabase and select Import/ XML Workspace Document as shown in

Figure 6.10.
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Figure 6.10 Importing XML workspace document

Click Schema only option and import hydro framework schema from CRWR website

(figure 6.11).
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Figure 6.11 Importing XML workspace Document
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Press Next and then Finish. Refresh Arc Catalog and you will see the result shown in

Figure 6.17.

Arc Hydro Framework for the Blue Nile basin consists of one feature dataset
called ArcHydro. The feature dataset contains only five feature classes:
MonitoringPoint, Waterbody, Watershed, HydroEdge, and HydroJunction.

e HydroEdge and HydroJdunction (Figure 6.12 and 6.13 respectively) form a
geometric network called HydroNetwork (Figure 6.14).

e MonitoringPoint represents point features from map hydrography and inventory
sources used to collect water resources data.

e Waterbody represents area features from map hydrography (Figure 6.15) and
contains water bodies obtained from Hydro 1K.

e Watershed is a polygon feature class, which contains any subdivision of the

landscape into drainage areas
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Figure 6.12 HydroEdge feature class for Blue Nile Basin
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Figure 6.13 HydroJunction feature class for Blue Nile Basin
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Figure 6.14 HydroNetwork feature class for Blue Nile Basin
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Figure 6.15 Waterbody feature class for Blue Nile Basin
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Finally, a hydro geometric network was created for Blue Nile basin and the rest of
Ethio-Hydro Administrative regions following the same procedure explained in
Appendix A. The output of the hydro geometric network is added in Blue Nile basin

geodatabase and is shown in Figure 6.16.
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|_:_|J-E'i.| ArcHydro

-] HydroEdge
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----- 2 HydroJunctionH ast onitoringPoint
----- ) HydroJunctionH asw aterbody
----- 2, HydrolunctionH astw atershed
oy HydroMetwork

=] HydroMetwork_Junctions
-5 MonitaringPaint

- [E] waterbody

- Watershed

----- 2, MonitoringPointH asTimeS eres
-EE] TimeSeries

28] T5Type

----- 2y T5TepeHasTimeS enes
[ - T S

Figure 6.16 Arc Hydro Framework with Hydro Geometric Network for Blue Nile basin
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CHAPTER 7: CONCLUSION AND RECOMMENDATION

7.1 Project Summary

This project examined the possibility of using the Arc Hydro data model for
Ethiopian Watersheds. Initially, existing Geographic Information data on Ethiopian were
collected from Food and Agricultural organization (FAQO) and Environmental System
Research Institute (ESRI) Web achieves. Then, the Shuttle Radar Topographic Mission
(SRTM) data was obtained from the Consultative Group for International Agriculture
Research (CGIAR) web achieves and those data were processed to get 90 m Digital
Elevation Data (DEM) for Ethiopia. Once those data were collected and processed, the
country was divided into six Hydro-Administrative namely: Blue Nile, Rift valley, South
East, South Central, South West and North East-West region by tracing upstream of
streams crossing the country. Then, a Geodatabase containing five feature dataset was
created for each of the Hydro-Administrative regions in the country. Finally, a geometric

network was created and an Arc Hydro Schema was applied for each Geodatabase.

7.2 Project Conclusion

A number of conclusions were drawn from this project. Some of them are:
1. The Arc Hydro data model is a very useful tool for organizing hydrologic information
data for a very large area like Ethiopia (national scale). Thus, this project serves as a
springboard for using the Arc Hydro data model for managing Ethiopia’s water

resources.
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2. This project has shown that the Arc Hydro Framework is a very useful tool for
managing GIS hydrological data for Ethiopian watersheds. It could also enable the
Ministry of Water Resources of Ethiopia (MoWR) the ability of addressing streams,

tracing upstream and downstream on the streams network.

3. The Arc Hydro Time Series Component provides a means for storing spatially and
temporally irregular measurements including stream flow and monitoring point
measurements. Unfortunately, it was difficult to acquire stream flow and monitoring
point data for Ethiopia and those components of the Arc Hydro were not included in this

project.

7.3 Future Work

The ability to query by time and location is important to studying hydrologic data.
It is of interest, for example, to be able access all stream gauges, rainfall gauges, and
water quality data in Ethiopia and incorporate with Arc Hydro Framework developed in
this project. The time series object class in Arc Hydro data model could also help store

hydrological temporal event data for Ethiopian watersheds.
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APPENDIX A

Steps for preparing the Regional Data and Data preparation for building a

geometric network

The following procedures explain how the regional data were obtained for the Blue Nile
Basin. A similar procedure was pursued to acquire the regional data for the other Hydro
Administrative regions in Ethiopia.

e Display EthioHydrolK Streams accessed from USGS server

< http://lpdaac.usgs.gov/gtopo30/hydro/>

% Untitled - AicMap - Arcinfo

J File Edit “iew Inset Selection Tools 'window Help |
J = = = B % e o | & [roswes ] |of | & @ 0K J Ediog v | & | # = Task: [Create Now Feaue | =
J@e:: M@ DO 8 T f| JSpatiaIQnaIyst'|Layer.| jfﬁl|4||
|
|

Metwork: IElhiUHyd[U'IKSI[eams_Nel j Flow * “o | Analysis ﬁj Trace Task: IF\ndCummunAncaslurs j A ‘

Terrain Preprocessing *  'Watershed Processing = Athibute Tools = Metwork Tools = ApUtilities = ':; o 2 Ta 3 P Help ” Iﬂ Iﬂ @ | 8 e N ‘ m E

x =l

0 £ Layers
=] EthioHydro1k.Streams

= Ethiopia_Boundary

= O EthioHydio1KE asine
O

Display ISource Selection

[ [1537475.98 1534331 43 Meter | 4
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e Display EthioHydrolKBasins accessed from USGS server

http://Ipdaac.usgs.qov/gtopo30/hydro/

% Untitled - ArcMap - Arcinfo

J File Edit “iew Inzet Selection Tools 'window Help |
J = = = B % oo & [mmes o 2| & 0N J Ediog = | W | # = Task: [Creste Now Feaue El| =
EEEERI LRI IS Y | soetatanayet = | Laver | /7 |
J Metwork: |EthioHydroKStieams_Net =] Flow = = | Andlysis ¥ ﬁj Trace Task: |Find Comman Ancestars = A ‘
J Terain Preprocessing ¥ ‘Watershed Processing ¥ Athibute Tools MNetwork Tools ™ Apltites » 5. #, 352 Ta B P Help ” Ii Ii @ | (5] {2 [ ‘ B E
= B
= £ Layers
= EthioHydro1K.Streams
= Ethiopia_Boundary
¥
= EthioHydro KB asins
O

Display ISnurce Selection

[ [FO10E2.B2 40BETE.72 Maters | -

Create a Geometric Network
e Open ArcCatalog and navigate to EthioGeodatabase data folder

¢ In the Blue Nile Geodatabase and ArcHydro feature dataset right click select New and

Geometric Network...
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=] Ethio_ T,
J‘El"il. = Et B Copy Cirl+C
- Layer: B2 o il
-l Buffer % pelete
- [E Buifer
-[&] Buffer Fename F2
-[& Ethiog 3 Refresh
E:‘EEFI Hegstends Yersoned
H Woartk radk Aralize.., j
Import b ) Eelatlnnshlp Clazs...
Export p ] Topology..
Properties. .. Polpgon Feature Clagz From Lines... b
@ Geometric Metwark...

Click Next on the Geometric Network Wizard options until you get to Selecting the
feature classes and network name. Select HydroEdge and HydroJunction as your

network feature classes. Change the network name to HydroNetwork.

=1 Build Geometric Network Wizard

Select your feature classes and network name
Select the Feature classes you want to build wour network Fram:
Hydralunction
H_'.'Elll:lEl:lgEt
[ ManitaringPaint

Select Al |
Clear Al |

Show Unavailable Feature Classes. .. |

Enter a name For your netwaork:
|Hydrc-Network

Help | < Back Mext = Cancel
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Continue through the wizard and accept all the defaults EXCEPT say yes when it
asks if you want complex edges in the network. When you finish you’ll see that you’ve
created a new geometric network, HydroNetwork, which includes a set of generic
network junctions called HydroNetwork_Junctions whose function is to provide

geometric connectivity between the HydroEdge features.

=-=£:l__:BuiId Geometric Network Wizard

Summanry of your input

Inpuk Feature dakaset: C:SevourniEthinGeadatabaseiBlueiile. mdbiarcHy: «
Mame of geometric network: Hydrofebwork, Il

Create a geometric netwaork from the Following feature classes:
1. HydroJunckion
2. HydroEdge

Preserve any exisking enabled walues,

Create complex edges: Yes
The Following Feature classes will be built as comple:x edges:
HydroEdge

Snan Frlerance: Mo ul
14 I B

Help | Cancel |

Generating Flow on the Network
e In Arc Hydro toolbar in Arc Map document click Network tools and set flow

direction.
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Terrain Preproceszing =  ‘Watershed Processing = Attribute Tools > | Network Tools = ApUtiliies = ':i * 2 '11:5

= §| & B = | ol ‘\'l/', ||1:1‘|,58?',152 Data Management Metwork T ools

chdillal

* S ax

A e » RN i B PP B F Hydra Metwork Generation

Mebmworl: IEthitudrmKStreams_Net ﬂ Flaw = 4—-& | Analysiz

ModedLink Schema Generation

Store Flow Direction...

L ayer I

cestars

Set Flow Direction. ..

| E

e You will see the Set Flow Direction dialog box. This will enable to set the flow

with the following criteria:

esriFDUninitialized 0
esriFDWithFlow 1
esriFDAgainstFlow 2
esriFDIndeterminate 3

Uninitialized

In the direction of digitization of the edge

Opposite to the direction of digitization of the edge

Indeterminate flow direction

The default option is initialized and agrees with that condition and click OK.

*" Set Flow Direction

— Lavers

— Select Flow Direction

Select Al | ' Uninitialized

" with Digitized Direction

" |Indeterminate

™ Againzt Digitized Direction

— Select Attribute

¥ Assign bazed on attribute

(1] 4 | Help | [Zanc:ell

Common Flow Direction Field
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e To view the flow set on the network click on the Flow dropdown menu and go to Display
Arrows. The arrows may not all appear and only some black circles may appear. The
software is still not foolproof when displaying the arrows. If you have a problem, try turning

on and off display arrows, and that may work.

iFIow v | Analysisw
i Display Arrows For - P

FProperties...

The picture below shows how the arrows should appear. Turn on your

HydroNetwork_Junctions feature class.

® New.mxd - ArcMap - Arcinfo M=

File Edit “iew Insert Selection Tools ‘Window Help |

Terrain Prepracessing “Watershed Processing *  Aftribute Tools Metwark Tools = ApUtilities + ':i L e Q_'E B B Help

£
|
J = = §| GANEEN =t | LA | ||1:12,U45,142 ‘l |’:| & 5 D|k? J Editar = | S |, b TaSkiIEreateNeerature
@
J

Edit Task
:: o éﬂ-? 0 ‘ ‘ @ k (i ] M & ¥ ; +* ‘ J Spatial Analyst + | La}'e"l % ] |
Metwork: IEthloHyer‘lKStreams Met J Flow Q—_‘_ | Analysiz * JJ Trace Task: IFdeommonAncestors j /{ ‘
| (T D | G L ([T 0 | O

%

EE=] ovos)

= EthioHydrolKStreams_Met_Junctions

*
= EthioHydro1KStreams

= Ethiopia_Boundary

Display I Sourcel Selectionl |3 o | >

Selects the edit task | [2357362.02 1789636.54 Meter |
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Set the Trace Task to Trace Upstream, | ‘22t [Tiace Upstea H
To delineate the Blue Nile streams at the western side of the country and use

A

the Solve tool also on the Utility Network Analyst to run the trace upstream process.

This procedure will turn Blue Nile streams red indicating that all reaches are upstream of

the outlet junction as shown in the following figures.

% New.mxd - ArcMap - Arcinfo

File Edit Wiew |nsert Selection Tools Window Help |

Terain Preprocessing ™ “Watershed Processing »  Attibute Tools »  Metwork Tools »  ApUtilities ':i . 33 JIE m B Help

J
J
J == §| & B * | Ky |{|'/ ||1:12,D45,142 ‘l |’Q| @ ) D|k? J Editor | 3 |, - TaSkZIEreateNeerature
|
J

@ 25 89 {m)». 0 « ‘ @ k O #h ‘&_" ¥ ; +* J J Spatial Analyst + | Layer:l j ﬁﬁ = 1 |
Metwork: IEthioHydro‘IKStreams_Net j Flow = Q_-l- | Analysiz * ’I' Trace Task: ITrace Upstream j /< J
| 18 1 | o | e | 5

s

%

EE=]. ove:s|

= EthioHydrol K5 treams_Met_Junctions

*
= EthioHydro1KStreams

=] Ethiopia_B oundary

Display I Snurcel Selectinnl J? o e ‘I

>

N

[ [2081012.09 1831053.87 Meter |
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Next open the Options window Analysis/Options.

change the results format the Selection

Analysiz Options E1E3
Generall Weightsl 'wieight Filler  Fiesults |
~ Results format
Rieturn results as:
" Drawings
= | Diravs individial elements of eomples edges
H || Trrace task result eolsr
* Selection
— Results content
Results include:
@ Al features
i~ Features stopping the trace
Of these results includs:
¥ Edages
[+ Junctions
ak. I Cancel | Apply |

Under the Results tab,

Select streams from EthioHydrolK. Place a flag on an edge in the network and

press the Solve button. Thus, you will see the result shown in the following

figure.
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ISi[=]E3

® New.mxd - ArcMap - Arcinfo

File Edit “iew Inzert Selection Tool: ‘window Help

Terain Preprocessing ™ “Watershed Processing »  Attibute Tools »  Metwork Tools »  ApUtilities ':i . 33 ‘IE m B Help

ux kA {ﬂ'? 0 ‘ » [Q@ k (i ] M & ¥ i * ‘ J Spatial Analyst | La}'ETil % Il |

Ar wu

| E

|

J = §| LAEEN e | o o | ||1:12,045,142 -] ||Q| &5 |:||\? J Editar = | 4 |/ - Task:|aeateww
@

|

Metwork: IEthmHydro‘IKStreams Met J Flow Q—-\- | Analysiz ’_' Trace Task: ITraceUpstream j A ‘

J@@@|Eﬂ & EE|BB|1UU%'I|@@|£@

%

= £F Layers
= EthioHydro1K!
.
=] EthioHydro1KStreams

=] Ethiopia_B oundary

| »

Display I Sourcel Selectionl ﬁ O &

N

Selects the edit task | [1630782 44 1807215.22 Meter |

e Export the selected them to a feature class as NB_af_Streams
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= ¥ EE [l
O

Copy
* Bemove
Open Attribute T able

Joinz and Relates 3

@-2 Zoom To Layer

Yizible Scale Range 3

Uze Symbol Levels

Selection »

Label Features

[Enrver Latels e Annetation,..

=% Corvert Features to Graphics...

S5 Goie

Save Az Layer File... Export Data...
g EewenHematch dddresses,.,

I ake Bemmatent

Properties. .. |

T

e  Click Selection from the menu bar and Click —Select by Location.

e Select basins from EthioHydrolK , using NB_Af Streams with a 15 km buffer.
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Select By Location EEd

Lets you select features from one or more lavers based on where they are located
in relation to the features in anather layer.

| want to:

Iselect features from j
the Fallowing layer(s]:

[ MB_Af Streams ;I
[ ] EthioHpdrolKStrearns_Met_Junctions

EthioHypdro1KE asing j

[ Only show selectable laers in this list
that;

Iintersect j

the features in thiz layer:

INB_M_Slreams j
I | Use seleated featires [0 features selected)
¥ Apply & buffer to the features in MB_Af_Streams
of. |15.000000 [ilometers =]
— Preview

The red features reprezent the features in NB_AF_ Streams.
The highlighted cyan features are selected because they
intersect the red features,

Paintz Lines Polpgons

Apply I Clogze

e Click Apply
This will select Ethiopia Hydro 1K basins that will intersect the streams within the Blue

Nile Basin as shown in the flowing figure.

e Export the selected feature class as BN_Af Basins
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® MNew.mxd - ArcMap - Arcinfo

File Edit Miew |nsert Selection Took ‘Window Help

IM[=1E3

Terrain Preprocessing ™ “Watershed Processing = Attrbute Tools = Metwork Toadls = ApUtilities 'E .  EI JIE m P Help

QIO @EY B ROMHML ¥ T

J Spatial Analyst | J-a.'r'ETil j yﬁ; l |" |

J
J
J OD=E §| o = | LA |{|'/ ||J3J4,5?2,331 'l |’Q| @ a D|k? J Editor + | 3 |ﬁj Task:lEreateNeerature
|
J

Metwark: IEthioHydro'IKStreams_Net j Flow = Q—-l- | Analysiz = ~t. ¥ Trace Task: ITrace Upstraam j /< J

%

B £ Lapers
=

=] Ethiopia_Boundary

=] BM_AF_Streams

= EthioHydra1 KB asing
=] BlueMileB asins

=] EthioHydro1K Streams

= O ME_Af Sheams

= [0 EthioHpdiolEStreams_Met_Junctions
*

Display I Sourcel Selectionl LR

AR (ENE R ERER R S e DR

|

[ [2596341.82 192072144 Meter |

Ll

e Dissolve basins into a single polygon BN_af _Dissolve

e Right Click BN_af_Dissolve feature class and open the attribute table.

e Add field named “One” to BN_Basins_Dissolve and give it the value 1
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e Spatial Analyst — Convert Feature to Raster (BN_Basins_Dissolve, field One,

Cell size from DEM)

Features to Raster 7] |
Input features: I BlueMileB azins_Dizzolve j El
Field: I Shape_Length j
Output cell size; I 3E0093653725207
Cutput raster: IZ:"-.Ethiu:uG endatabazehBlueiile El

ITI Cancel |
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® New.mxd - ArcMap - Arcinfo

File Edit Wiew |nsert Selection Tools Window Help

ISi[=]E3

Terain Preprocessing ™ “Watershed Processing »  Attibute Tools »  Metwork Tools »  ApUtilities ':i . 33 ‘IE m B Help

= | §| ) ® X | vy o |¢/ ||1.5,113,282 | ||Q| & 3 El|l§? J Editor | (S |ﬁj Task: [Create New Feature

Wk Em
AR Wy

® Q

DOED EROMNEE S 1|

|
|
|
|
|

Metwork: IEthioHydro'IKStreams_Net j Flow = Q—-l- | Analysis = J:. ¥ Trace Task: ITrace Upstream

J Spatial Analyst | Layer: Ibn_dem

I Bm |

=2

NCrC PG NEREREREN N4 s PN

%

= £ Layers

High : 18156121

I Low : 213444

Calculation2

calcd

ethocleanint

Calculation

BlueMileB asins_Diszolve
O

BluetileB asin:

O

Ethiopia_Boundary

OEHBE
ooOood

m m
o O

= O EN_Af Streams

= O EthioHydro1KBasing
O
= O EthioHydro1KStreams

= O MB_Af Streams

= O EthioHydro1KStreams_Met_Junctions
*

=] BluetileB 254 - bluenilebazd
1

| v

=

Display I Sourcel Selectionl

|20 =4

[ [1E36571.43 1199708.03 Meter |

e Multiply new raster of 1’s times DEM to get buffer DEM
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Raster Calculator |

Lavers:

BluehileB asd - bluenilebs . 7 g q - o | And
br_dem

calcd

calch ! 4 5} 5 b = Or
Calculation

Calculationz

Calculation 1 2 3 g = | Hor
i _,,I + 1] . [ | Mot

[ElueMileBasd - bluenilebasd] * [ethocleanint] =
About Building E #prezsions | Ewaluate I Cancel | 3 |

e Clip Ethiopia_DEM to basin: Ethiopia_DEM * Raster_of 1

The out put is shown in the following Figure.
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® MNew.mxd - ArcMap - Arcinfo M=

Fie Edit View Inzet Selection Tools ‘Window Help |

Terain Preprocessing “Watershed Processing ¥ Aftribute Tools Metwork Tools »  ApUtilities = ':3 L ‘IE m P Help

i
|
J =H §| 5 Ba @ x | K ‘ ||1:5,113,282 - HE| é:l & D|k? J Editor + | ~ |ﬁj TaSk:IEreateNeerature
I
J

:: o éﬂ? 0 ‘ ‘ [QP k ’_M & ‘ ; ‘.‘s' ‘ J Spatial Analyst * | La}'Elilbn_dem j ﬁﬁ H]Ihl |" |

Metwork: IEthmHydro‘IKStreams Met J Flow Q—-‘- | Analpziz ™ J:. ¥ Trace Task: ITlaCE Upstrearn j .)< ‘

NCAC RERNEREREREN R g RO

%

= £F Layers
=] Caleulation3

M 462 - 8341111111

I 3341111112 - 1,306.222222
I 1.306.222223 - 1,728.333333
I 1.728.333334 - 2,150 444444
[ 2.150.444445 - 2 572 555556
[ 2572 555557 - 2,994. 666667
[] 2,994 BBEEES - 3.416. 777778
1 3.416.777775 - 3.838.585859
I:' 3,838.88889 - 4267

|»

Value
High : 18156121

I Low : 213444

O Calculation2
O calcd |
O ethocleanint
[ Calculation
[ BlueMileBasing_Diszalve

]
= O EBlueNileBasine

O

= O Ethiopia_Boundary

0 HHEMH

|
= O BM_Af_Steams
_ |
Display I Sourcel Se\ectionl F o eil | _’I

[ 1175725.47 1512441.74 Meter | Y

e Make permanent the resulting grid from the above procedure
Similarly, the DEM for the rest of five Hydro Administrative regions was obtained for

terrain analysis.
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APPENDIX B

The following procedure shows how terrain analysis was performed in Arc Hydro tools
to obtain stream lines and catchments for each Hydro Administrative regions. The Blue

Nile basin was used as demonstration.

Arc Hydro Tools =]
Terrain Preprocessing ™ \Watershed Processing ™ Attribute Tools ™ Network Tools ApUtilities = ':i L ‘IE m

Daka Management Terrain Preprocessing

DEM Reconditioning

Fill Sinks

Flows Direction

Flow Accurmulation
Stream Definition
Stream Segmentation

Cakchment Grid Delineation

Catchment Polygon Processing
Drainage Line Processing

Adjoint Catchment Processing

Drainage Point Processing

Longest Flow Path For Catchments

Longest Flow Path for Adjoint Catchments

Slope
Slope greater than 30
Slope greater than 30 and Facing Morth

‘Weighted Flow Accumulation

The function needs inputs of bn_dem1 and bn_af streams and the default output will be
AgreeDEM.

Input Output
"bn_DEM1" Grid "Agree DEM" Grid

"bn_af Streams™ Featuredataset
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£' DEM Reconditioning [Agree)

Faw DEM br_demi j
Agree Stream IBN_af_streams j
Agree DEM I.ﬂ.greeDEM

(1] 4 | Help | Cancel |

After initiating the function accept the default reconditioning parameters shown

below.

#' DEM Reconditioning {Agree} |

— Define Agree Parameters

YWector buffer [cellz] : ||:|
Smooth drop/raise: |-| 0
Sharp drop/raise: |-| 0

1] 4 | Cancel |

Click OK the flowing warning.

DEM Reconditioning (Agree) il

The AgreeDEM will be generated as integer
‘fou may lose some af the smoothening depending upon the buffer /drop ratio!

Finally, the reconditioned AGREE DEM was processed with the Fill Sinks function

to make sure that the potential sinks in the stream were removed.
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e Select Terrain Preprocessing | Fill Sinks.

Data banagement T errain Preprocessing

DEM Reconditioning

Fill Sirk.z

Flaws Direction

Flaws Accumulation
Stream Defintion
Stream S egmentation

Catchment Grid D elineation

Catchrent Palwgon Proceszsing

Drainage Line Processing

Adioint Catchment Processing

Drainage Point Proceszing

Longest Flow Path far Catchments

Longest Flove Path for Adjoint Catchments

Slope

Slope areater than 30
Slope greater than 30 and facing Marth

wWeighted Flow Accumulation

e Confirm that the input for DEM is bn_dem1. The default Hydro DEM is “Fil”

but for this project Fil_bn is selected.

' Fill Sinks

DEM II:-n_u:Ienﬂ j

Hydrma DEM IFiI_I:-rJ

1].4 | Help | Ean-::ell

The “Fil_bn” Hydro DEM layer is shown below.

o Select Terrain Preprocessing | Flow Direction.
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Drata Management Terrain Preprocessing

DEM Reconditioning
Fill Sink.s

Flaw Direction

Flaw Accurnulation
Stream Definition
Stream Seamettation

Catchment Grid D elineation

Catchment Polygon Processing

Drainage Line Proceszing

Adjoint Catchment Processing

Drainage Point Procezsing

Longest Flow Path for Catchments

Langest Flow Path far Adjaint Catchments

Slope

Slope areater than 30
Slope greater than 30 and facing Marth

Wwheighted Flove Accumulation

e Confirm that the input for Hydro DEM is “fil_bn”. The output is the Flow Direction

named by “Fdr_bn”.

& - -
= Flow Direction

Hydro DEM Iﬁ|_|:,n j

Flaw Direction Grid IFdr_I:un

1] 4 | Help | Cancel |

e Press OK. Upon successful completion of the process, the flow direction grid “Fdr” is

added to the map.
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Select Terrain Preprocessing | Flow Accumulation

[rata Management Terrain Preprocessing

DEM Reconditioning
Fill Sirks

Flowe Diirection

Flow Accumulation

Stream Definition
Stream Segmentation

Catchment Grid Delineation

Catchment Polygon Proceszing

Drainage Line Processing

Adjoint Catchment Frocessing

Drainage Paoint Proceszing

Longest Flow Path for Catchments

Longest Flow Path for Adjoint Catchments

Slope
Slope areater than 30
Slope greater than 30 and facing Horth

WWeighted Flow Accumulation

Confirm that the input of the Flow Direction Grid is “Fdr”. The output is the

Flow Accumulation Grid having a default name

overwritten

of “Fac” that can be

*" Flow Accumulation

Flaw Diirection Grid If.jr_t.n

Flaw Accurnulation Grid IFau:_I:un

1] 4 Help Cancel
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e Press OK. Upon successful completion of the process, the flow accumulation grid

“Fac” is added to the map.

e Select Terrain Preprocessing | Stream Definition.

Data kanagement Temain Preprocezsing

DEM Recanditioning
Fill Sirkg

Flow Direction

Flow Accumulation

Stream D efinition

Shkrearm Segrentation

Catchment Grid Delineation

Catchment Polygon Processing

Drainage Line Proceszing

Adjoint Catchment Proceszing

Drainage Faint Processing

Longest Flove Path for Catchmentz

Longest Flow Path for &djoint Catchments

Slope

Slope greater than 30
Slope greater than 30 and facing Maorth

Weighted Flow Accumulation

e Confirm that the input for the Flow Accumulation Grid is “Fac”. The output is the

Stream Grid. “Str” is its default name that can be overwritten.
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2! Stream Definition

Flaws Accurmulation Grid Ifa,:_t,n j

Strearn Grid IStr_str

0OK | Help | Cancel |

A default value is displayed for the river threshold. This value represents 1% of the
maximum flow accumulation: it is the recommended threshold for stream determination.
However, any other value of threshold can be selected. Smaller threshold will result in
denser stream network and usually in a greater number of delineated catchments. For the

project a threshold value of 50 square kilometers of area was defined.

” Stream; TThrezhold

— Enter stream threzhold to initiate stream:

MNumber of cells: |'| 02477 02

Area [zguare kilometer]: |5|:|

(1] 4 | Cancel |

e Press OK. Upon successful completion of the process, the stream grid “Str” is added

to the map.

e Select Terrain Preprocessing | Stream Segmentation
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[ ata kanagement Temnain Preproceszing

DEM Reconditioning
Fill Sinkz

Flow Direction

Flows Accurmnulation

Streamn Definition

Stream Segmentation

Catchment Grid Delineation

Catchment Polpgon Proceszing

Drainage Line Processing

Adjoint Catchment Proceszing

Drainage Point Processing

Longest Flow Path for Catchments

Longest Flow Path for Adjoint Catchments

Slope
Slope greater than 30
Slope greater than 30 and facing Morth

Weighted Flow Accumulation

e Confirm that “Fdr” and “Str” are the inputs for the Flow Direction Grid and the
Stream Grid respectively. The output is the Link Grid, with the default name “Lnk”

that can be overwritten.

£' Siream Segmentation

Flawy Direction Grid If.jr_bn

Stream Grid Istr_bn

Link Grid ILnk_I:un

1] .4 | Help | Eam::ell

e Press OK. Upon successful completion of the process, the link grid “Lnk” is added to the

map.
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e Select Terrain Preprocessing | Catchment Grid Delineation

[Data Management Terain Preprocessing

DEM Reconditioning
Fill Sinkz

Flow Direction
Flow &ccumulation
Stream Definition

Stream Segmentation

Catchment Grid Delineation

Catchment Polygon Processing

Drainage Line Processing

Adjoint Catchment Processzing

Drainage Point Processing

Longest Flow Path for Catchments

Langest Flaw Path for Adjoint Catchments

Slope

Slope greater than 30
Slope greater than 30 and facing Marth

Wwheighted Flow Accumulation

o Confirm that the input to the Flow Direction Grid and Link Grid are “Fdr” and “Lnk”
respectively. The output is the Catchment Grid layer. “Cat” is its default name that

can be overwritten.

£' Catchment Grid Delineation

Flows Direction Grid Ifdr_bn j

Link Grid IInk_I:un j

Catchment Grid IEat_l:.n

(1] .4 | Help | Eancell
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e Press OK. Upon successful completion of the process, the Catchment grid “Cat” is
added to the map.

e Select Terrain Preprocessing | Catchment Polygon Processing.

Data Management Terrain Preprocessing

DEM Reconditioning
Fill Sinkz

Flow Direction

Flow sccumulation
Stream D efinition
Stream Segmentation

Catchment Grid Delineation

Catchment Palygon Pr

Drainage Line Processing

Adjoint Catchment Proceszing

D'rainage Point Processing

Longest Flow Path for Catchments

Longest Flow Path for Adjoint Catchmentz

Slope

Slope greater than 30
Slope greater than 30 and facing Marth

Weighted Flow Accumulation

e Confirm that the input to the CatchmentGrid is “Cat”. The output is the Catchment

polygon feature class, having the default name “Catchment” that can be overwritten.
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* Catchment Polpgon Processing

Catchrent Grid Il:at_l:ln'l j

Catchrment IEatchmend

0K | Help | Eancell

e Press OK. Upon successful completion of the process, the polygon feature class
“Catchment” is added to the map.

e Select Terrain Preprocessing | Drainage Line Processing

Data tanagement Termain Preprocessing

DEM Reconditioning
Fill Sitks

Flawy Directiarn

Flow Accumulation
Stream Definition
Stream Segmentation

Catchment Grid Delineation

Catchment Paolygon Proceszing

Drainage Line Pr

Adjoint Catchment Processing

Drrainage Point Proceszsing

Longest Flow Path for Catchments

Langest Flow Path for Adjaint Catchments

Slope

Slope greater than 30
Slope greater than 30 and facing Marth

‘weighted Flow Accumulation

e Confirm that the input to Link Grid is “Lnk” and to Flow Direction Grid “Fdr”. The

output Drainage Line has the default name “DrainageLine” that can be overwritten.
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*: Drainage Line Procezsing

Lirk. Grid ﬂ
Flawy Direchion Gnd If.jr_t.n j
Drainage Line IDrainageLine_B M

1] .4 | Help | Eam::ell

e Press OK. Upon successful completion of the process, the linear feature class
“DrainageLine” is added to the map.

o Select Terrain Preprocessing | Drainage Point Processing.

Data kManagement Terrain Preprocessing

DEM Feconditioning
Fill Sinkz

Flaw Direction

Flow Accumulation
Stream Definition
Stream Segmentation

Catchment Gnd Delineation

Catchment Polpgon Processing

Drainage Line Processing

adioint Catchment Proceszing

Drainage Point Processing

Longest Flow Path for Catchments

Longest Flow Path for Adjoint Catchments

Slope

Slope greater than 30
Slope greater than 30 and facing Morth

wWwieighted Flow dccunulation

e Confirm that the input flow accumulation grid is “fac”, the catchment grid is “cat”
and the input to Catchment is “Catchment”. The output is Drainage Point, having the
default name “DrainagePoint” that can be overwritten.
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*" Drainage Point Processing

Flow Accumulation Grid Ifa,:_t,n j
Catchment Grid I.;at_l:.m j
Catchrnent IEatchment_B M j
Drainage Paint IDrainageF‘nint_B M

(1] 4 | Help | Cancel |

e Press OK. Upon successful completion of the process, the point feature class

“DrainagePoint” is added to the map.
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