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Summary

This report presents a comprehensive literature review and broad-based analysis of the water
resources of the Blue Nile (Abay) River. This work was undertaken as the initial phase in a study
to evaluate approaches for improved land and water management in the Ethiopian highlands and
assess the likely implications for downstream stakeholders in Sudan. Data and information have
been compiled in relation to hydrology, sediment and water use in the basin. Section 1, Introduction,
provides a context through the consideration of water resources both in Africa and the whole of the
Nile Basin. Section 2, Blue Nile Physiography, presents an overview of the characteristics of the
Blue Nile Basin, including a description of the meteorological monitoring network and the availability
of historic data. It also reviews the geology, soil and land-use, and land-cover of the basin based
on secondary sources. Section 3, Hydrology of the Blue Nile, describes the hydrology of the Blue
Nile, including seasonal variation and trends over time. A summary of past hydrological modeling
in the Nile and the Blue Nileis also presented. Section 4, Soil Erosion and Sedimentation, focuses
on erosion and sediment transport and presents an overview of sediment in the major tributaries,
including seasonal variations and trends over time. Section 5, Water Resource Devel opment, reviews
existing water resource development in both Ethiopia and Sudan and discusses the future potential
with respect to major water uses (i.e., irrigation and hydropower). Section 6, Discussion/
Recommendations, provides a summary of the research methods and models to be used in the study.
The reference materials collated and listed at the end of this report provide an important resource
for water management and future research to be undertaken in the basin.






1. INTRODUCTION

The project “Improved water and land management in the Ethiopian highlands and its impact on
downstream stakeholders dependent on the Blue Nile€” is being undertaken as part of the CGIAR
Challenge Program on Water and Food (CPWF). The aim of the project is to provide insight into
the likely downstream impacts of upstream development and watershed management options. The
project is being conducted through a collaboration of partners from global institutions, advanced
universities from the north and institutions in both Ethiopia and Sudan, including IWMI, ILRI,
Cornell University, Addis Ababa University, Omdurman Idamic University-UNESCO Chair in Water
Resources, Bahir Dar University Forum for Social Studies and Amhara Regional Agricultural
Research Institute. The aim of this report is to provide a context for the study and baseline
information on the basin as well as a rationale and description of the methods to be used.

1.1. Cooperative Management of Transboundary Basins - Global Context

The world's 263 transboundary basins cover nearly half of the earth’s surface (excluding Antarctica),
produce around 60% of global freshwater flow and are home to approximately 40% of the world's
human population. In the past, much of the political interest in transboundary basins has focused
on their potential to increase international tension and conflict. However, it isincreasingly recognized
that transboundary rivers can serve as afocal point for cooperation and security between riparian
states and act as an engine for shared economic growth and poverty alleviation. In fact, it is now
widely recognized that the cooperative potential of transboundary basins is far greater than their
potential to increase conflict. Nonethel ess, achieving this cooperation requires overcoming tension
between the water use desires of upstream and downstream riparians. One method by which this
tension may be overcome is to move thinking, negotiations and actual practice beyond the zero-
sum game of water allocation and towards the broader concept of sharing water benefits (Sadoff
and Grey 2002). There are now numerous examples from around the world of the formation of
transboundary institutions to facilitate benefit sharing between riparians. However, the institutional
framework which best facilitates cooperation within any particular basin, depends on the specific
hydrologic, economic and political nature of the basin as well as the goals and desires of the basin
governments and their populations.

1.2. The Sateof Transboundary Basinsin Africa and Their Potential

Africais the world’'s second-largest and second most-populous continent, after Asia. At about
30,221,532 sguare kilometers (km?), it covers 6.0% of the Earth’s total surface area, and 20.4% of
the total land area. With more than 900,000,000 people (as of 2005) in 61 territories, it accounts for
about 14% of the world’'s human population. The continent is surrounded by the Mediterranean Sea
to the north, the Suez Canal and the Red Sea to the northeast, the Indian Ocean to the southeast, and
the Atlantic Ocean to the west. There are 46 countries including Madagascar, and 53 including all
theidand groups (Wikipedia 2007). In Africa, the potential for using benefit sharing in transboundary
water management and development is tremendous. With the exception of idand states, every African
country has territory in at least one transboundary river basin. Transboundary basins cover 62% of
Africastota land area, and virtually every basin greater than 50,000 km? crosses at least one national
boundary. Because of the transboundary nature of most of the continent’s rivers, most African water
management is, by definition, transboundary water management (Lautze and Giordano 2006).



The continent of Africa is rich in natural resources including water resources. Yet, the
exploitation of water is shrouded in complex parameters ranging from boundaries demarcated by
colonial powersin response to political, military and economic interests to a bewildering diversity
of factors relating to unstable rainfall regimes, annual and seasonal flow variations and numerous
basins and catchments. Despite the abundance, water resources, they are (like most other natural
resources) not exploited to the full extent possible or properly developed, managed and utilized
(UNECA 2000).

Nearly 80 major transboundary rivers/lake basins are located in Africa. Seventeen of these have
catchment areas of more than 100,000 km? and some are shared by as many as ten countries. The
entire surface area of some fourteen African countries falls within one or more transboundary river/
lake basin (UNECA 2000) (Figure 1). The central rain forest belt, lying on either side of the equator,
has high annual precipitation and is the source of some of the largest river systems in the world
(e.g., the Congo, the Nile and the Zambezi). In contrast, some of the driest parts of the world (e.g.,
the Sahara and Kalahari deserts) are also found in Africa. Much of the continent faces the challenge
of recurrent drought, severe flood and desertification, a challenge which islikely to be exacerbated
by climate change.

FIGURE 1. River and lake basins in Africa (Source: UNECA 2000).

Therefore, Africa needs to adopt the integrated water resources management process which
requires all forms of water to be considered. Water can be roughly grouped into two categories:
Blue water (i.e., the water resources contained in rivers, lakes and accessible groundwater), and
green water (i.e., the rainwater stored in the soil and subsequently transpired by plants). The scarcities
and shortages forecasted in many reports refer mainly to the blue water and do not account for the
potential of green water use in agricultural production. The latter, if well utilized through proper



watershed management, can make a great difference regarding the socioeconomic development in
the upstream areas as well as in the downstream areas.

In most of sub-Saharan Africa, the great bulk of food production is not related to “blue” water
use, but is, in fact, produced with “green” water in rainfed agriculture. As an example, in Ethiopia,
more than 90% of the food is produced with “green” water in rainfed agriculture. Still, most research,
likein al other African countries, is related primarily to blue water usage. Thisis based partly on
an old paradigm promoted during the green revolution: By breeding better crops on irrigated land
(or without regard for water needs) the world’s food problems can be solved. Neither the breeding
of better cropsin irrigated land nor the management of rainwater for agriculture is done effectively
in Africa. Despite the huge success of the green revolution (especially in Asia), the African continent
remains behind the rest of the world in crop production and, consequently, cannot meet the basic
food needs of its population. The green revolution in Asiawas primarily the result of:

i) improved soil fertility management,
i) theintroduction of high yielding varieties,

iii) better water management, including irrigation development with surface water, groundwater
and rainwater, and

iv) favorable economic conditions arising from the high market price of agricultural produce.

Investment in these areas has been very limited in Africa and the continent has largely been
bypassed by the green revolution.

Solutions combining various measures are needed and, in addition to the development of the
blue water resources, emphasis needs to be placed on increasing the productivity of the green water.
The Comprehensive Assessment of Water Management in Agriculture discusses details of the whole
continuum of management of water for agriculture including upgrading rainfed systems (Molden
2007). Unlike blue water, where it is not uncommon for one engineering solution to solve a number
of problems, green water optimization is complicated by many factors, including societal needs,
climate, and environmental conditions, all of which vary greatly across the African continent. Hence,
each region has its unique solution for optimizing water use. For example, in Ethiopia, where most
of the agricultural production is dependent on rainfall, one of the most obvious solutionsis to store
more rain in the soil by increasing the infiltration capacity. On the other hand, little attention is
given to rainfed agriculture in research studies.

1.3. TheNileRiver Basin

The Nile River, at 6,825 kilometers (km), is the longest river in the world (http://
www.britannica.com). Ahmed and EIDaw (2004) reported that the length of the Nile River from its
remotest point is 6,671 km. It comprises two major tributaries, the White Nile and the Blue Nile
(known as the Abay in Ethiopia). The White Nile rises in the Great L akes region of Central Africa,
with the most distant source in southern Rwanda and flows north from there through Tanzania,
Lake Victoria, Uganda and southern Sudan. The Blue Nile starts at Lake Tana in Ethiopia, and
flows into Sudan from the southeast. The two rivers meet near the Sudanese capital, Khartoum,
and flow north through Sudan and Egypt to drain into the Mediterannean Sea. The drainage area
isofficialy described by the Nile Basin Initiative (NBI 2007) as 3 million km?, but the values given
by various authors vary: 3.255 million km? (Revenga et al. 1998), 3.3 million km? (CPWF 2007),
3.1 million km? (FAO 2007), etc. The ten countries that share the Nile River Basin are: Burundi,



Democratic Republic of Congo (DRC), Egypt, Eritrea, Ethiopia, Kenya, Rwanda, Sudan, Tanzania
and Uganda. The Nile River Basin is home to approximately 180 million people, while over 350
million (based on World Bank 2006) live within the 10 riparian states. According to the World
Bank (2006) data, the Nile region is characterized by high population growth and considerable
development challenges. Five of the ten countries are among the poorest in the world with gross
national per capitaincomes of $90 (Burundi), $110 (DRC and Ethiopia), $190 (Eritrea) and $210
(Rwanda). Life expectancy varies from 42 in Ethiopia to 70 in Egypt. Child mortality rate per
thousand varies from 210 in DRC to 36 in Egypt. Most of the population in the Nile Basin livein
rural areas and are dependent on agriculture (Table 1).

TABLE 1. Proportion of total agricultural population in East Africa, including forestry and fisheries (analysis based on FAO
statistical yearbook 2004 (FAO 2007). Data includes population).

Countries Year
1979-1981 1989-1991 1999-2001 2003 2004
1 Burundi 93 92 90 90 90
2 DRC 72 68 63 62 61
3 Egypt 60 44 37 35 34
4 Eritrea N/A N/A 78 77 76
5 Ethiopia 89 86 82 81 81
6 Kenya 82 80 75 74 74
7 M adagascar 82 78 74 73 72
8 Rwanda 93 92 91 90 90
9 Sudan 72 69 61 58 57
10 Tanzania 84 82 78 77 76
11 Uganda 86 84 79 77 77

Figures 2a and 2b show various characteristics of the Nile Basin according to watersheds of
Africa (IUCN 2007). Table 2 provides summary statistics of the key tributaries.

FIGURE 2a. Land Cover. FIGURE 2b. Population.



TABLE 2. Nile Basin: Areas and flow of major tributaries. Sources: Area from Mohamed et al. (2005); Flows from Sutcliffe
and Parks (1999).

No. Catchment Outlet location Area (1,000 km?) Mean annual flow (km®yr?)
1 Nile Mediterranean 3,310

2 Nile Aswan 3,060 84.1

3 Atbara Atbara 180 111

4 Blue Nile Khartoum 330 48.3

5 White Nile Khartoum 1,730 26.0

6 White Nile Malakal 1,480 29.6

" Naturalized flows for the period 1910 to 1995

The average annual flow of the White Nile at Khartoum is approximately 26 cubic kilometers
(km?). The remaining flow of 58.1 km® comes from the Blue Nile and the Tekezze-Atbara. The
seasona flow pattern exhibits the combined characteristics of these two main tributaries, with the
seasonal pattern of the Blue Nile superimposed on the regular pattern of the White Nile. The total
annual flow at the border with Egypt has historically been taken (before any significant abstraction)
as 84 km? (1905-1959). However, there are considerable year-on-year variations aswell as periodic
variations (Figure 3) (Ahmed 2006; Hydrosult Inc et al. 2006a).
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FIGURE 3. Main Nile: Monthly discharges and five-year moving mean 1871/72-2000/01.

The years 1871 to 1896 was a period of high flows as a consequence of high lake levels across
East Africa. Between 1901 and 1975 annual discharges averaged around 87 km?®. The decade from
1976 to 1987 saw a series of very low flows with average annual flow only about 76 km?. Since
then flows have increased again.



1.4. TheProject Rationale

The need for integrated water resources management to alleviate poverty and food insecurity in
semi-arid Africa cannot be over-emphasized. In the Nile Basin, water from the Ethiopian highlands,
particularly from the Blue Nile, has, historically, mainly benefited downstream people in Sudan
and Egypt in different ways: agriculture, livestock, industry and electrical power. However, such
benefits are now affected and continue to be affected due to dramatically changing land, water and
livestock management practices upstream. High population pressure, lack of aternative livelihood
opportunities and the slow pace of rural development are inducing deforestation, overgrazing, land
degradation and declining agricultural productivity. Poor water and land management in upstream
areas reduces both potential runoff yields and the quality of water flowing downstream. The result
isavicious cycle of poverty and food insecurity for over 14 million poverty-stricken people in the
uplands, and for millions of downstream users. It is widely recognized that improved water
management in the Abay Catchment is key to improving both upstream and downstream livelihoods.
Better water management will help increase water availability and alleviate the impacts of natural
catastrophes such as droughts and reduce conflicts among stakeholders dependent on the Nile.

Currently, the Abay is one of the least planned and managed sub-basins of the Nile. About
two-thirds of the area of this densely populated basin fall in the highlands and, hence, receive fairly
high levels of rainfall of 800 to 2,200 mm yrt. However, it is erratic in terms of both spatial and
temporal distribution, with dry spells that significantly reduce crop yields and sometimes lead to
total crop failure. The impacts of droughts on the people and their livestock in the area can be
catastrophic. The population located in the downstream part of the Blue Nile, is entirely dependent
on the river water for supplementary irrigation. Canal and reservoir siltation is a major problem
exacerbating socioeconomic burdens, besides the seasonality of the river flow, on poor riparian
farmers. Solutions lie in improving agricultural practices and conserving water at al levels by all
stakeholders, both within Ethiopia and amongst downstream communities. Though well known in
principle, the technologies required for overcoming the poor and extreme distribution of water
resources are not applied because of poor adaptation to the local conditions, unavailability of capital,
institutional constraints and inadequate scientific knowledge. The underlying premise of this study
isthat with increased scientific knowledge of the hydrological, hydraulic, watershed, and institutional
processes of the Blue Nile, constraints to up-scaling management practices and promising
technologies within the catchment can be overcome, resulting in significant positive benefits for
both upstream and downstream communities. The specific objectives of the project are to:

1. Identify major water, land and livestock management constraints and opportunities and assess
the upstream and downstream impacts of current and future water, land and livestock
management interventions within the catchment.

2. Adapt and apply existing hydrological, watershed, and economic models to estimate the
likely economic implications of interventions both basin-wide and locally, in selected
communities, including impacts on poverty.

3. Create an overview of ‘best-bet’ management practices and interventions, for improved land
and water management and evaluate the hydrological and socioeconomic conditions,
including institutional arrangements, necessary for up-scaling them.

Furthermore, such studies help the decision-makers to adapt their water and land management
policies by making use of the new management interventions in the upstream watersheds, upstream-
downstream water availability, and demand and supply.



1.5. Specific Project Components of Modeling Sediment and Water Supply, and Demand
and Supply

In the past, agreat deal of research has been conducted into water and land management optionsin
Ethiopia. However, this project is unique in its sharp focus on recognizing and then structuring
interventions to account for upstream/downstream impacts. The project takes a holistic basin-wide
view and will investigate those interventions that alleviate poverty and reduce environmental
degradation, while at the same time maximizing benefits and minimizing harm to downstream
stakeholders. The importance of these upstream-downstream linkages are clear both within Ethiopia,
where the fragility of the landscape and the vulnerability of the population must be considered
downstream of any intervention, and across borders in Sudan and Egypt, where impacts may arise
as aresult of changing land and water management practices upstream.

These linkages are likely to be seen most directly through changes in river flows, sedimentation
and water quality. The project, therefore, seeks interventions that either minimize changesin river
flows or makes changes in river flows that result in positive benefits downstream (e.g., moderating
floods and droughts and ensuring adequate environmental flows). With regard to sediment,
understanding the causes of erosion, sediment transport and its dynamic as well as changes in
sedimentation and water quality are very important. The project seeks poverty aleviation through
land and water management interventions that will not degrade downstream water quality, but will
ideally enhance it (e.g., through erosion control, restoration of wetlands or effluent control).

To address these issues, two key components of the study are watershed modeling and water
allocation modeling. These components comprise:

Development of a Watershed Management Model which considers generation of flows, nutrients,
sediments and bio-economic factors. The objectives of the model are to:

e predict the effect of management decisions and up-scaling interventions on water, sediment
and nutrient yields; and

o assesstheimpact of upstream water management scenarios on downstream users, especialy
reservoir sedimentation, based on sediment input and sediment trap efficiency.

Development of a Water Demand and Supply Model to consider the estimation of water for
major production activities (both existing and planned) and assess the potential for meeting these
regquirements. The objectives of the model are to:

e provideinsight on water availability and estimation of water for major production activities;
and

e assessimpacts of upstream water resource development on water availability and hydrology
downstream.

1.6 Overview of this Report
Asacollation of baseline information for the study described above, this report provides a detailed
description of the Blue Nile River. As such it:

e identifies the data and information systems that can be used for detailed analyses;

e providesan overview of the climate and hydrology of the system, erosion, sediment transport
and sedimentation;



e provides an overview of current and possible future water resource developments in the
Basin; and

e reviews possible models and how they might be configured for the study.

2. BLUE NILE PHYSIOGRAPHY

The Blue Nile Basin covers an area of 311,548 km? (Hydrosult Inc et al. 2006b). It provides 62%
of the flow reaching Aswan (World Bank 2006). The river and its tributaries drain alarge proportion
of the central, western and south-western highlands of Ethiopia before dropping to the plains of
Sudan. The confluence of the Blue Nile and the White Nileis at Khartoum. The basin is characterized
by a highly rugged topography and considerable variation of atitude ranging from about 350 meters
(m) at Khartoum to over 4,250 meters above sea level (madl) in the Ethiopian highlands (Figure
4Q). The Dinder and Rahad rise to the west of Lake Tana and flow westwards across the border
joining the Blue Nile below Sennar (Figure 4b).
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2006b).

The Abay’s source is Gish Abay in West Gojam. From here it flows northward as the Gilgel
Abay! into Lake Tana (Figure 5). Lake Tana is the biggest lake in Ethiopia and is some 73 km
long and 68 km wide. It is located at 1,786 masl and has a surface area of 3,042 km?, accounting
for 50% of the total inland water of Ethiopia (Hydrosult Inc et al. 2006b). Little of the 13,750 knm?
catchment draining into the lake is above 2,400 masl, though it rises to approximately 4,000 masl
to the northeast, in the Simien Mountains. There are approximately 40 rivers draining into the lake,
many of which have catchment areas of less than 1,000 km? and are ephemeral (Kebede et a. 2006).
In addition to the Gilgel Abay, three other mgjor rivers, Gumera, Ribb and Megech flow into the
lake. Thelake stores 29.175 km? of water which fluctuates seasonally between 1,785 and 1,787 madl.
The lake is shallow and has a mean depth of 9.53 m, while the deepest part is 14 m.

' “Gilgel” in Amharic means “baby”



(b)

FIGURE 5(a). Lake Tana in the Ethiopian Highlands (photo credit: Matthew McCartney); (b) satellite image of the Lake.

The Abay leaves the |ake close to the city of Bahar Dar at the southeastern corner of the lake
and cuts a deep gorge first south then westwards, through a series of cataracts. Approximately 40
km downstream it drops 50 m over the Tiss Issat Falls (Figure 6) into the Blue Nile gorge. The
river then follows a deep and circuitous, 900 km, course, through the Ethiopian Highlands. It first
flows southeast, before looping back on itsalf, flowing west and then turning northwest and traversing
through Sudan. In the highlands, the basin is composed mainly of volcanic and Pre-Cambrian
basement rocks with small areas of sedimentary rocks. The catchment is cut by deep ravinesin
which the major tributaries flow. The valley of the Blue Nileitself is 1,300 m deep in places (Figure
7). The whole areais intersected by streams, many of which are perennia though highly seasonal
in their flow. The primary tributaries of the Blue Nile in Ethiopia are the Beshio, Jema, Muger,
Guder, Finchaa, Anger, Didessa and Dabus on the left bank, and Beles, and smaller tributaries
Chemoga, Timochia and Bir on the right bank.

FIGURE 6. Tiss Issat Falls.



b %
H i, LN e L
£l‘:h.-_'-"+

[

FIGURE 7. Blue Nile Gorge (photo credit: Matthew McCartney).

The Blue Nile enters Sudan at an dtitude of 490 meters amd and just before crossing the frontier,
the river enters the clay plain, through which it flows over a distance of about 630 km to Khartoum.
At Khartoum the Blue Nile joins the White Nile to form the main stem of the Nile River. Below the
Damzain rapids at Rosieres, where the main reservoir storing Blue Nile waters for irrigation in
Sudan was built (Figure 8), the character of the Blue Nile changes in response to the change of
gradient. Here the river is only just below the level of the surrounding plain and some areas are
flooded during the rainy season. The average slope of the river from the Ethiopian frontier to
Khartoum is only about 15 cm kmr*. Within Sudan, the Blue Nile receives water from two major
tributaries draining from the north, the Dinder and the Rahad (Table 2). These drain both countries
and join the main Blue Nile upstream of Khartoum. Both are highly seasonal, with no flow in the
dry season (January to May). They are nearly equally long, about 750 to 800 km. The Blue Nile
joins the White Nile at an elevation of approximately 400 madl, but still 2,800 km upstream of its
Mediterranean delta. The total area of the Blue Nile Basin at this point is 311,548 km?.

Table 3 presents the area and summary statistics for each of the major sub-basins in the Blue
Nile Basin.
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TABLE 3. Summary statistics for the major sub-basins of the Blue Nile.

No. Sub-basin  Catchment Meanannua Mean annual Mean annual Mean annual  Coefficient of
area (km?) rainfall (mm) potential runoff (mm) flow (Mm?)  runoff
evapotranspiration
(mm)
Ethiopia
1 Guder 7,011 910 1,307 312 2,187 0.34
2 Dabus 21,030 2,276 1,112 297 6,246 0.13
3 Finchaa 4,089 1,766 1,290 438 1,719 0.25
4 South Gojam 16,762 1,633 1,183 299 5,012 0.18
5  Anger 7,901 1,813 1,318 298 2,355 0.16
6 Beles 14,200 1,655 1,274 306 4,345 0.18
7 Didessa 19,630 1,816 1,308 289 5,673 0.16
8 Muger 8,188 1,347 1,210 298 2,440 0.22
9 North Gojam 14,389 1,336 1,242 305 4,389 0.23
10 Jemma 15,782 1,105 1,059 304 4,798 0.28
11 Lake Tana 15,054 1,313 1,136 253 3,809 0.19
12 Welaka 6,415 1,072 1,263 323 2,072 0.30
13 Beshilo 13,242 982 1,140 296 3,920 0.30
14 Wombera 12,957 1,660 N/A 299 3,874 0.18
15 Dinder 14,891* N/A N/A 188 2,797+ N/A
16 Rahad 8,269* N/A N/A 133 1,102+ N/A
Sudan
1  Upper Blue Nile 33,804 674 1,480 135 4,563 0.20
2 Dinder-Rahad 38,851* 620 1,570 124 4,817 0.20
4 Lower Blue Nile 5,530 430 1,960 68.8 380 0.16
Source: For Ethiopia, data are taken from MoWR (1998) and Tesfahun et al. (2006). For Sudan, * data are taken from Hydrosult Inc et
al. (2006b)?

2.1. Climate

2.1.1. Rainfall and its Distribution

Rainfall varies significantly with altitude and is considerably greater in the Ethiopian highlands
than on the Plains of Sudan. Rainfall ranges from nearly 2,000 mm/yr in the Ethiopian Highlands
to less than 200 mm/yr at the junction with the White Nile. Within Sudan, the average annual rainfall
over much of the basin is less than 500 mm. In Ethiopia, it increases from about 1,000 mm near
the border of Sudan to between 1,400 and 1,800 mm over parts of the upper basin, in particular, in
the loop of the Blue Nile south of Lake Tana. Rainfall exceeds 2,000 mm in parts of the Didessa
and Beles catchments (Figure 8).

Both the temporal and spatial distribution of rainfall is governed, to a large extent, by the
movement of air masses associated with the Inter-Tropical Convergence Zone (ITCZ). During the
winter dry season (known in Ethiopia as Bega) the ITCZ lies south of Ethiopia and the Blue Nile
region is affected by a dry northeast continental air-mass controlled by a large Egyptian zone of
high pressure. This cool airstream from the desert produces the dry season. From March, the ITCZ
returns bringing rain particularly to the southern and southwestern parts of the Basin. This short
period of rainisknown in Ethiopia as the Belg or “small rains’. In May, the Egyptian high pressure

® Note here that there are significant variations in terms of area of the Blue Nile Basin, based on previous discussions. The overall
estimated area is at 311,548 km?. While the defined tributaries account to a total of 277,995 kmz, the remaining balance is probably
attributed to the non-major rivers and the directly draining catchment area into the river. Also note that, some reports show the total
area of the Blue Nile as being 331,000 kmZ. This will be clarified further in the future.
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strengthens and checks the northward movement of the ITCZ producing a short intermission before
the main wet season (known in Ethiopia as the Kremt). Around June, the ITCZ moves further north
and the southwest airstream extends over the entire Ethiopian highlands to produce the main rainy
season. Thisis also the main rainy season in Sudan, though being further north and at lower altitude,
the period of rainfall is foreshortened and totals are considerably less than in Ethiopia (Table 4).
The summer months account for a large proportion of mean annual rainfall; roughly 70% occurs
between June and September and this proportion generally increases with latitude, ranging from
61% at Gore in the southwest to 73% at Debre Marcos, 78% at Gonder, 87% at Rosieres and 93%
at Khartoum (Figure 9; Table 5).

EASTERN NILE
SUB-BASIN
MEAN ANNUAL RAINFALL

FIGURE 8. Mean annual rainfall across the Blue Nile Basin (mm yr?) (Source: Hydrosult Inc et al. 2006b).
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TABLE 4. Summary statistics for representative climate stations, located in, or close to, the Blue Nile Basin.

Climate Location Elevation Mean annual Range in Mean Potential
Station Latitude Longitude (madl) rainfall (mm) Monthly Evapotrans-
temperature (°C) piration
(mm)
Ethiopia
Gonder 12,53 37.43 1,966 1,095 17.9-22.7 1,524
Bahar Dar 11.60 37.40 1,805 1,453 18.1-22.4 1,388
Debre Marcos 10.35 37.72 2,440 1,320 14.2 - 18.6 1,172
Debre Tabor 11.88 38.03 2,410 1,651 15.0 - 18.7 1,363
Addis Ababa 8.98 38.80 2,324 1,191 155-18.2 1,234
Sibu Sire 9.02 36.87 1,750 1,370 182-21.6 N/A
Jimma 7.67 36.83 1,577 1,477 18.0 — 20.8 1,301
Gore 8.17 35.55 1,974 2,176 16.1 — 20.3 1,263
Gambela 8.25 34.58 480 1,197 254 —-30.2 1,658
Assossa 10.07 34.52 1,750 1,116 19.4 — 24.4 1,463
Sudan
Hawata 13.40 34.60 440 566 N/A N/A
Rosieres 11.83 34.37 465 655 26.2 -32.2 N/A
Sennar 13.55 33.62 418 434 20.5-285 2,149
Wad Medani 14.40 33.48 408 305 235-328 2,534
Khartoum 15.60 32.55 380 140 22.8 -345 2,625
Rahad 12.70 30.63 495 428 22.5-30.9 N/A

Source: FAO-CLIM2 Worldwide agroclimatic database
Note: N/A = Not available

TABLE 5. Mean monthly rainfall (mm) for representative climate stations located in, or close to, the Blue Nile Basin.

Climatestation Jan Feb Ma Apr May June Jul Aug Sep Oct Nov Dec  Annua
Ethiopia
Gonder 5 4 19 34 87 151 311 279 116 56 24 9 1,095
Bahar Dar 3 2 8 22 83 181 444 395 196 92 23 4 1,453
Debre Marcos 12 22 49 61 96 155 301 300 204 81 24 15 1,320
Debre Tabor 6 11 42 46 93 180 501 476 193 66 21 16 1,651
Addis Ababa 19 50 71 90 95 118 250 265 169 41 9 14 1,191
Sibu Sire 16 24 50 8 150 220 271 245 179 74 42 14 1,370
Jimma 30 52 95 128 166 209 213 210 183 93 66 32 1,477
Gore 39 46 98 119 234 327 336 335 337 166 102 37 2,176
Gambela 5 8 27 56 156 150 239 228 155 113 48 12 1,197
Assossa 0 0 31 32 118 189 207 208 207 103 21 0 1,116
Sudan
Hawata 0 0 0 2 12 97 142 210 82 20 1 0 566
Rosieres 0 0 1 12 36 119 157 175 121 33 1 0 655
Sennar 0 0 0 3 14 60 113 143 75 25 1 0 434
Wad Medani 0 0 0 1 13 28 88 111 46 16 2 0 305
Khartoum 0 0 0 0 4 7 43 63 17 5 1 0 140
Rahad 0 0 0 2 25 37 138 130 71 24 1 0 428

Source: FAO-CLIM2 Worldwide agroclimatic database
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FIGURE 9. Annual variation in temperature (blue bars), potential evapotranspiration (red line) and rainfall (green line)
at six representative sites in the Blue Nile: a) Khartoum, b) Rosieres, c) Assossa, d) Sibu Sire, e) Debre Marcos,
and f) Gonder.

2.1.2. Temperature

The spatia distribution of temperature valuesis strongly related to altitude (Figure 10). The highest
mean annual temperatures occur in the northeastern clay plains of Sudan. In Sudan, daily minimum
and maximum temperatures in January are 14°C and 33°C, and those in May are 24°C and 44°C,
respectively. The arealocated in the highlands of Ethiopiais characterized by lower minimum mean
monthly temperatures that range between 3°C and 21°C, and occur between December and February.
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FIGURE 10. Mean annual temperature (°C) in the Blue Nile Basin (Source: Hydrosult Inc et al. 2006b).

2.1.3. Evapotranspiration

Similar to rainfall and temperature, potential evapotranspiration also varies considerably across
the basin and is highly correlated with altitude (Figure 11; Table 6). Throughout Sudan, values
(computed using the Penman-Monteith method) generally exceed 2,200 mm per year and even in
the rainy season (July to October) rainfall rarely exceeds 50% of potential evapotranspiration.
Consequently, irrigation is essential for the growth of crops. In the highlands of Ethiopia, potential
evapotranspiration ranges from approximately 1,300 to 1,700 mm per year and in many placesis
less than rainfall in the rainy season. Consequently, rainfed cultivation, producing asingle crop in
the rainy season, is possible, though at arisk in low rainfall years.
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FIGURE 11. Mean annual potential evapotranspiration across the Blue Nile Basin (Source: IWMI 2007)
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TABLE 6. Mean monthly potential evapotranspiration (mm) for representative climate stations located in, or close to,
the Blue Nile Basin.

Climatestation Jan Feb Ma Apr May June Jul Aug Sep Oct Nov Dec  Annua

Ethiopia
Gonder 136 140 164 156 149 126 81 78 114 133 126 121 1,524
Bahar Dar 115 118 152 156 136 108 81 81 105 118 111 109 1,388
Debre Marcos 102 104 115 129 109 87 71 68 87 105 96 99 1,172
Debre Tabor 118 123 152 147 133 108 78 74 929 118 108 105 1,363
Addis Ababa 105 104 124 117 115 93 78 81 90 115 108 105 1,234
Sibu Sire N/A N/A N/A N/A N/A N/A  N/A N/A N/A N/A N/A  N/A N/A
Jimma 112 106 140 126 118 99 87 20 929 115 105 105 1,301
Gore 118 118 136 126 102 87 81 78 90 115 105 109 1,263
Gambela 159 154 164 165 140 117 115 102 123 140 135 146 1,658
Assossa 143 140 143 162 127 99 96 84 108 118 114 130 1,463
Sudan
Hawata N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A  N/A N/A
Rosieres N/A N/A N/A N/A N/A N/A  N/A N/A N/A N/A N/A  N/A N/A
Sennar 171 171 217 210 229 180 158 152 162 158 174 167 2,149
Wad Medani 192 204 245 240 264 258 214 177 180 183 189 189 2,535
Khartoum 177 196 254 240 264 252 248 214 213 213 202 189 2,625
Rahad N/A N/A N/A N/A N/A  N/A  N/A N/A N/A N/A N/A  N/A N/A

Source: FAO-CLIM2 Worldwide agroclimatic database
Note: N/A = Not available

A completelist of climatic measuring stationsin Ethiopia and Sudan for the Blue Nile Basinis
provided in Appendix 1.

2.2. Geology®

The geology of the Blue Nile Basin (Figure 12) can be briefly summarized as:

e the highlands of the basin are composed of basic rocks, mainly basalts;

e the Ethiopian lowlands are mainly composed of Basement Complex rocks as well as
metamorphic rocks, such as gneisses and marble. Where the Abay has cut through the basalts
there are restricted areas of limestones and then sandstones before the Basement Complex
is reached; and

e themain part of the lowlands of Sudan isunderlain by deep unconsolidated colluvial sediments
of tertiary and quaternary age. To the north are older Basement Complex rocks and the Nubian
Sandstones. The Nubian Sandstones are located in the northwest corner, overlying the Basement
Complex rocks and comprise mainly sandstones, siltstones and conglomerates.

2.3. Sails

The Vertisol-Nitisol boundary runs amost along the international boundary. Nitisols (24%) dominate
the western Ethiopian Highlands whilst shallower and more infertile Leptosols (19%) occupy the
eastern Ethiopian Highlands. On the flat plateaus in the Ethiopian Highlands are extensive areas of
Vertisols. On the deep soilsin the high rainfall areas around Lake Tanathere are extensive areas of
Luvisols. Vertisols (29%) dominate the unconsolidated sediments of the Sudan plains (see Figure
13) (Hydrosult Inc et al. 2006b).

*Note that the summary of geology, soils, and land cover and vegetation is extracted from the Hydrosult Inc et al. (2006b) document.
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FIGURE 13. Dominant soil types in the Blue Nile Basin (Source: FAO Classification).
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2.4. Land Cover and Vegetation

Table 7 and Figure 14 present the land cover of the Blue Nile. In the far north between the 75 mm
and about the 250 mm isohyets “ Semi-desert Scrub” isthe most prevalent vegetation type, comprising
avarying mixture of grass and herbs, with a variable scattering of shrubs up to 4 m high, interspersed
with bare earth. Grassis mainly an annual plant in Sudan. Heavy grazing and low rainfall ensures
that there is insufficient dry matter for annual fires. In years of low rainfall and heavy grazing
there can be an aimost complete failure of annual plant growth.

South-eastwards, from the 250 mm to the 360 mm isohyet, the vegetation type becomes “ Semi-
desert Grassland”. Much of this vegetation is now covered by the Gezira and Managil irrigation
schemes (see below). On the heavy alkaline clay soils the natural vegetation is grassland without
trees or shrubs. Between the 360 and 570 mm isohyets on the heavy clays grassland mergesinto A.
mellifera thornland. Above 570 mm to the border with Ethiopia there is increasing dominance of
A. seyal in association with Balanites aegyptiaca. A. senegal is retained for gum arabic harvesting
whilst A. seyal isused for charcoal production. B. aegyptiaca becomes increasingly prevaent because
it isfire resistant.

Woodlands and shrublands cover some 28% and grasslands 25% of the basin. Sedentary rainfed
cropping covers nearly 26% of the area mainly located in the Ethiopian Highlands. Semi-mechanized
farms cover 10% and the irrigated schemes 2.6% of the basin. Much of the major Gezira and all
of Managil schemes, although irrigated with water from the Blue Nilg, liein the White Nile Basin.

TABLE 7. Dominant land cover in the Blue Nile Basin (Source: Hydrosult Inc et al. 2006b).

Land cover type Area (ha) Total (%)
Rainfed crops: sedentary 8,037,337 25.8
Grassland 7,777,274 25.0
Woodland 5,225,555 16.8
Shrubland 3,671,919 118
Semi-mechanized farms 3,123,087 10.0
Irrigated crops 815,480 2.6
Rock 732,392 24
High forest 429,777 1.4
Water 420,103 13
Rainfed crops: shifting 340,930 1.1
Plantation 211,977 0.7
Sand 128,804 0.4
Seasonal swamp 94,518 0.3
Permanent swamp 51,831 0.2
Urban 65,136 0.2
Afro-alpine 28,680 0.1
Sub-basin 31,154,800
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FIGURE 14. Dominant land cover of the Blue Nile Basin (Source: Hydrosult Inc et al. 2006b).

3. HYDROLOGY OF THE BLUE NILE
3.1. Flow

Throughout the Blue Nile Basin, river flow data are generally limited because of the remoteness of
many of the catchments and the lack of economic resources and infrastructure to build and maintain
monitoring sites. In Ethiopia, although there are over 100 flow gauging stations in the basin, most
of these are located on relatively small tributaries and/or near the headwaters of the main rivers.
Very few gauged catchments are over 1,000 km? and very few gauging stations are located on the
main stem of the river or on the magjor tributaries close to their confluence with the Blue Nile (Figure
15). Table 8 lists some of the most important flow gauging stations, with reasonably long records,
in the Blue Nile Basin. A full list of measuring stations is provided in Appendix 2.
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FIGURE 15. Flow gauging stations located in the Blue Nile Basin.

TABLE 8. Summary details of key flow gauging stations in the Blue Nile Basin.

Station River Location Latitude Longitude Catchment  Start of End of
no. area (km?) record record
Ethiopia
1 112003 Abay Outlet of Lake Tana 11.60 37.38 15,321 1959 -
2 112001 Abay Nr. Kessie 10.07 38.18 65,784 1959 -
3 116002 Abay At Sudan border 11.23 34.98 172,254 1959 -
4 112004 Andassa Nr. Bahar Dar 11.50 37.48 517 1959 -
5 112034 Jemma Nr. Lemi 9.92 38.90 5,412 1986 -
6 113005 Guder At Guder 8.95 37.75 524 1959 -
7 113013 Birr Nr. Jiga 10.65 37.38 978 1959 -
8 113023 Dura Nr. Metekel 10.98 36.48 539 1961 -
9 113026 Neshi Nr. Shambo 9.75 37.25 322 1963 -
10 113036 L. Fettam At Galibed 10.48 37.02 757 1986 -
11 113037 Debis Nr. Guder 9.02 37.77 799 1988 -
12 114001 Didessa Nr. Arjo 8.68 36.42 9,981 1959 -
13 114002 Angar Nr. Nekemite 9.43 36.52 4,674 1959 -
14 114003 Sifa Nr. Nekemite 8.87 36.78 951 1960 -
15 114004 Wamma Nr. Nekemite 8.78 36.78 844 1960 -
16 114005 Dabana Nr. Abasina 9.03 36.05 2,881 1961 -
17 114007 Little Ang At Angar Gutin 9.50 36.58 3,742 1977 -
18 115006 Sechi Nr. Mendi 9.70 35.22 562 1979 -
19 116005 Beles At Bridge 11.25 36.45 3,431 1981 -
Sudan
20 900152 Nile Khartoum 15.6 32.52 325,000 1904 -
21 902032 Rahad Hawata 134 34.62 1971 -
22 901032 Dinder Giwasi 13.32 34.10 1971 -
23 900012 Nile Rosieres 11.23 34.98 210,000 1962 -

Source: Ministry of Water Resources, Ethiopia and Ministry of Irrigation and Water Resources, Sudan

20



Table 9 and Figure 16 illustrate the differences in mean monthly flow and runoff at four gauging
stations located along the Blue Nile. The gauge at Rosieres is located upstream of the reservoir,
very close to the national border. The data show that at all locations flow is heavily concentrated
in the summer months (i.e., July to October).

TABLE 9. Mean monthly flow (Mm?3) and runoff (mm) measured at gauging stations located on the main stem of the Blue
Nile.

Location Jan Feb Ma Apr May June Jul Aug Sep Oct Nov Dec Annua
LakeTana Mm®* 203 127 94 70 49 45 114 434 906 861 541 332 3,776
mm 13 8 6 5 3 2 7 28 59 56 35 22 244

Kessie Mm?® 331 221 227 211 209 258 3,003 6594 3,080 1,456 788 503 16,881
mm 5 3 4 3 3 4 46 100 47 22 12 8 257

Rosieres Mm? 762 446 364 324 612 1,659 6,763 15,228 12,111 6,484 2,559 1,348 48,660
mm 4 2 2 2 3 8 32 73 58 31 12 6 233

Khartoum Mm® 724 448 406 427 503 1,084 4,989 15,237 13,625 7,130 2,451 1,257 48,281
mm 3 2 2 2 2 4 18 55 50 26 9 5 178

Source: Ministry of Water Resources, Ethiopia; Sutcliffe and Parks (1999)
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FIGURE 16. a) Mean monthly flow (Mm?3), and b) runoff at gauging stations located on the main stem of the Blue Nile.

The mean annual outflow from Lake Tana is 3,776 Mm? with a range from 1,075 Mm? in
1984 t0 6,182 Mm? in 1998. The average annual outflow equates to 257 mm over the total catchment
areaof 15,321 km?. The mean annual rainfall over the basin is estimated to be 1,342 mm (Melkamu
2005). So, this gives a coefficient of runoff of approximately 18%. The natural seasonal distribution
isdightly attenuated by the lake storage, with peak flows delayed from August to September/October
and proportionally higher dry season flows than along the rest of the river*. Since 2001, the outflow
from Lake Tana has been controlled by the Chara Chara Weir which was built to regulate flow for
hydropower production. This has resulted in a change in the natural pattern of flow from the lake,
with higher dry season flows and lower wet season flows (Figure 17). However, because the flow
from Lake Tanais a relatively small proportion of the flow at Kessie (22%) and an even smaller
proportion of the flow at the border (i.e., Rosieres) (8%), the regulation is not thought to have had
asignificant impact on the distribution of flows downstream.

“Natural dry season flows equate to 39% of total flow at the Lake Tana outlet, compared to approximately 15% at the other locations
along the Blue Nile.
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FIGURE 17. Modification of outflow from Lake Tana as a consequence of regulation by the Chara Chara Weir.

The average annual flow of the Blue Nile at the border of Sudan is 48,660 Mm? (excluding
Dinder-Rahad). This represents approximately 40% of Ethiopia's total surface water resources of
122,000 Mm? (World Bank 2006). The catchment at this location is about 200,000 km?, so this
equates to an average annual runoff of 243 mm (i.e., a coefficient of runoff of approximately 14%).

Despite inflows from the Dinder and Rahad® the average annual flow of the Blue Nile at
Khartoum (i.e., 48,281° million cubic meters) is slightly less that at the border. The catchment at
this location is 311,548 km?, so this equates to an average annual runoff of 155 mm (146 mm if
331,000 km? is taken). The reduction in flows between the border and Khartoum, despite the
increased catchment area, is a consequence of both water abstractions (for irrigation and water
supply, primarily to Khartoum) and high transmission losses. It is estimated that annual transmission
losses (i.e., both evaporation and percolation) between Roseires and Khartoum are about 2,000
Mm3, with an additional 500 Mm? from the Sennar and Roseires reservoirs (Sutcliff and Parks
1999).

In addition to seasonal variation in flow there is also considerable inter-annual variation,
reflecting significant differences in rainfall. The annual discharge for the Blue Nile at Khartoum
from 1920 to 2006 is shown in Figure 18. Between 1920 and1960 the annual discharge oscillated
around the mean. From 1960 to 1984 there was a general decrease in discharge, with the flow in
most years being below the mean. After 1985, flows have gradually increased (Ahmed 2006;
Hydrosult Inc et al. 2006b).

® Average annual inflows from Dinder and Rahad are 2,797 and 1,102 Mm®, respectively. But in both rivers, flows are highly concentrated
in the months of July to October (Sutcliffe and Parks 1999).

® Also note that Figure 18 provides the medium term average of the Blue Nile, 48,857 Mm® at EI Deim.
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FIGURE 18. Hydrograph of the Blue Nile at El Deim 1920-2006 (Mm?) (Source: Ahmed and Ismail 2008).

3.2. Hydrological Models

In recent years, the number of models simulating the discharge from watersheds in the Blue Nile
and other river basinsin Ethiopia and Africa has increased exponentially. An overview of the models
used in the Nile and Blue Nile is given in Appendix 3. Several other models are also available in
the grey literature and published in students’ theses and dissertations. Notable here is the work of
Seleshi B. Awulachew and Yilma Sileshi and their graduate students.

Most of the models tested in Ethiopia were originally developed for applications in temperate
regions. Relatively simple engineering approaches such as the Rational Method have been used
(Desta 2003), as well as complex models such as the Precipitation Runoff Modeling System (PRMS)
(Legesse et a. 2003), Water Erosion Prediction Project (WEPP) (Zeleke 2000), the Agricultural
Non-Point Source model (AGNPS) (Haregeweyn and Yohannes 2003; Mohammed et a. 2004) and
water balance approaches (Ayenew and Gebreegziabher 2006). Implementation of these models
yielded mixed results. The Agricultural Non-Point Source Model (AGNPS) was tested in the
highlands in the Augucho Catchment but could not reproduce observed runoff patterns. The
Precipitation-Runoff Modeling System (PRMS) was similarly tested by Legesse et a. (2003) for
South Central Ethiopia, and needed extensive calibration to predict the monthly runoff. Ayenew
and Gebreegziabher (2006) fitted a spreadsheet type water balance to predict water levelsin Lake
Awassa in the Rift Valley, but found that the model did not perform well in recent years, possibly
due to changing land use. Finally, Hengsdijk et al. (2006) applied a suite of crop growth, nutrient
balance, and water erosion models and concluded that common conservation practices such as bunds,
crop mulching, and reforestation may actually result in lower overall crop productivity in the
highlands of northern Ethiopia. In response to Hengsdijk’s conclusions, Nyssen et al. (2006)
compared Hengsdijk’s predictions with field observations from the same region and found that the
models overpredicted crop yields while under-predicting soil losses.
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Many simple water balance type approaches have been attempted for the Nile Basin. Both Mishra
and Hata (2006) and Conway (1997) developed useful results with grid-based water balance models
for the Blue Nile Basin using monthly discharge data from the El Deim Station in Sudan, located
close to the Ethiopian border. They were studying the spatial variability of flow parameters and
the sensitivity of runoff to changes in climate. Using a water balance model Kebede et al. (2006)
concentrated on Lake Tana and developed a water balance utilizing relatively long durations (more
than 30 years) of data for precipitation, evaporation, inflows of major tributaries and outflows to
the Blue Nile. They calibrated the model using observed lake levels and deduced that lake levels
remained relatively constant while outflows from the lake reflected the variation in rainfall (Kebede
et a. 2006).

Johnson and Curtis (1994) utilized short-duration (less than 4 years) discharge data from several
smaller basins throughout the Blue Nile Basin for the development of a monthly water balance
model to better understand the rainfall-runoff relationships. The intention was to use the model for
forecasting and to develop a method for cdibrating water balance coefficients for small basins lacking
available data. Very few other examples of small-scale water balance modeling in the Blue Nile
Basin have been published.

Several attempts have been made to evaluate the likely implications of climate change on river
flows (e.g., Conway and Hulme 1996; Yates and Strzepek 1998). All of these attempts have been
based around relatively simple (often grid-based) rainfall-runoff models, such as WATBAL (Yates
1996).

The main conclusion of this overview of hydrological models used in the highlands of Ethiopia
is that the daily simulation results of the more complex models is disappointing when compared
with the relatively better predictions of the simple water balance models. The main reason is that
the complex modeling techniques, which are typically developed for conditions in the United States
or Europe, are not appropriate for Ethiopia. In Ethiopia, the extreme tempora and spatia variability
in rainfall and the prolonged dry season mean that hydrological processes are different to those
typically encountered in more temperate climates. The lack of available data for both input and
calibration further hinders the use of complex models in Ethiopia. For these reasons, simple water
balance models, that most efficiently utilize the available data, are the most appropriate choice for
simulation of the hydrology of the Blue Nile.

3.3. Runoff Mechanisms

In order to develop better models, knowledge of the basic runoff mechanismsis necessary. To gain
insight into these mechanisms Liu et a. (Forthcoming) studied rainfall-runoff patternsin three small
watersheds located near or in the Blue Nile Basin. Runoff response patterns were investigated by
plotting, the biweekly sums of discharge as a function of effectiverainfall (i.e., P-E for atwo week
period) during the rainy season and dry season. An example for one of the watershedsis given in
Figure 19. The results indicate that the runoff response changes as the wet season progresses, with
precipitation later in the season generally producing a greater fraction of runoff. As rainfall continues
to accumulate during a rainy season, each watershed eventually reaches a threshold point where
runoff response can be predicted by alinear relationship with effective precipitation, indicating that
the proportion of the rainfall that became runoff was constant during the remainder of the rainy
season. An approximate threshold of 500 mm of effective cumulative rainfall, P-E, was selected
after iteratively examining rainfall versus runoff plots for each watershed. This relationship is shown
in Figure 20 for the three watersheds studied by Liu et a. (Forthcoming). Despite the great distances
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between the watersheds and the different watershed characteristics, the runoff response was
remarkably similar in each case.

The reason for the similarity in the runoff response among these three watersheds after the
threshold rainfall was reached is an interesting question to explore. It is imperative, therefore, to
look at various timescales, since focusing on just one type of visual analysis can lead to erroneous
conclusions. For example, looking only at storm hydrographs of the rapid runoff response prevalent
in the typically intense monsoonal type Ethiopian storms, one could conclude that infiltration excess
isthe primary runoff generating mechanism (Horton 1933). However, looking at longer timescales
in Figure 19, it can be seen that the ratio of Q/(P-E) is increasing with cumulative precipitation.
Consequently, the watersheds behave differently depending on how much moistureis stored in the
watershed. This suggests that saturation excess processes play an important role in the watershed
runoff response. If infiltration excess was controlling runoff responses, discharge would only depend
on the rate of rainfall, and there would be no clear relationship with antecedent precipitation asis
clearly the casein figures 19 and 20. The finding that saturation excess is occurring in watersheds
with a monsoonal climate is not unique. For example, Hu et al. (2005), Lange et a. (2003) and
Merz et a. (2006) found that saturation excess could describe the flow in amonsoonal climate in
China, Spain, and Nepal, respectively. There are certain previous observations for Ethiopia on the
suitability of these types of saturation excess models to predict runoff. Awulachew (2000, 2001)
used the MOWBAL model for Rift Valey Lakes Basin and the same model was later applied by
Tesfahun et al. (2006) for the Blue Nile. Other observations by Zeleke (2000) also suggested
saturation excess as the primary mechanism for runoff generation. Attempts to fit regular models
based on infiltration excess principles result in extremely poor fits (Haregeweyn and Yohannes 2003).
This does not mean that there is no infiltration excess overland flow occurring, and both could
occur during high intensity storms. However, as shown by van de Giesen et al. (2000), in the Ivory
Coast, alarge portion of the overland flow re-infiltrated after the rain stopped before reaching the
channel.

Because saturation excess and interflow runoff dominate over the infiltration excess, rainfall
intensity is not an important parameter in determining the amount of runoff and, as shown above,
models based on awater balance approach are sufficient to describe the hydrology of the Blue Nile
Basin in Ethiopia. This confirms the findings of Tesfahun et al. (2006). Therefore, it isrecommended
to develop such models further.

3.4. Proposed Maodeling Strategy for this Sudy

The question to be answered remains,; what simulation model or models should be used for smulating
the hydrology of the Blue Nile Basin. Runoff response with water balance type models depends on
total rainfall quantity and not intensity. Water balance models are also appropriate because they
require minimal input data (e.g., precipitation (P) and potential evapotranspiration (PET) data that
are generally available). The only other parameters needed for the water balance model are a soil
water storage parameter and a parameter that describes the recession response of the watershed.
Both of these parameters are generally available, or can be determined from baseflow separated
streamflow. The only other requirement for the water balance model is a methodology to reliably
calculate the actual evapotranspiration (AET), given the PET. Several approaches are available
for calculating the AET. The method used most often is the Thornthwaite-Mather (1955) approach,
where the AET decreases linearly with the soil moisture content below field capacity until the soil
reaches the wilting point where the AET is zero. Above field capacity, AET isequal to PET. There
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are other approaches to calculate AET, notably, when the linear relationship between field capacity
and wilting point is replaced by a piecewise linear or a quadratic expression (Steenhuis and van
der Molen 1986), but all methods are essentially similar in their influence on AET. The piecewise
method simply results in the soil drying slightly faster than the Thornthwaite-Mather method.

In many water balance model applications, the other parameter, the soil storage, is in most
approaches assumed constant over the basin. However, as shown by Liu et a. (Forthcoming) this
may not be an appropriate assumption, as the effective soil storage decreases as more and more
low-lying areas of the watershed become saturated as the rainfall season progresses. An interesting
approach to smulate this phenomenon is developed by Tesfahun et al. (2006) employing a hyperbolic
sine function to assure that the soil storage reservoir has to be filled after the dry season before
runoff is produced in significant quantities.

The last parameter that is needed to run awater balance model is the baseflow parameter. This
determines how fast the water is released by the soil. Several functions have been developed
throughout the years for various river basins that can al ultimately be reduced to some kind of
power function of the water stored in the watershed. Hillslope reservoirs behave as a zero order
reservoir (Stagnitti et al. 2004) while reservoirs that are associated with valley bottoms are either
first or second order.

Ultimately, there isaneed for additional model development because water balance models only
give the discharge at the base of the watershed and do not give the spatial distribution of runoff
within the basin. The runoff distribution is especialy important for the prediction of erosion and
sedimentation. Although many semi-distributed models claim to predict the spatial distribution of
runoff, very few have been validated. Moreover, it is unlikely that the lumped basin-scale models
(e.g., SWAT, EPIC, WEPR, etc.) predict the runoff distribution correctly, because they are based
on the Soil Conservation Service - Curve Number (SCS-CN), which uses soil type and vegetation
characteristics to determine the runoff and not the topography as should be the case in the Ethiopian
Highlands. Distributed saturation excess models such as TOPMODEL (Beven et a. 1984), the Soil
Moisture Distribution and Routing (SMDR) model (Johnson et al. 2003; Gérard Marchant et al.
2006; Hively et al. 2006; Easton et al. 2007), and the Variable Source Loading Function (VSLF)
(Schneiderman et al. 2007) model could all, potentially, be applied to the Ethiopian portion of the
Blue Nile to yield satisfactory results. However, all have extensive data needs, and thus may be
infeasible. Recently, Easton et al. (2008) re-conceptualized the Soil and Water Assessment Tool
(SWAT) model to correctly predict the distribution of saturation excess runoff. Hence, thereisthe
potential to utilize SWAT.

It is possible that using several models in combination may produce the best results. Current
understanding of the hydrology could be enhanced using a combination of model predictions and a
modified version of SWAT which incorporates the changes made by Easton et al. (2008) as well as
modifications currently being implemented that include better simulation of watershed behavior.

4. SOIL EROSION AND SEDIMENTATION
4.1. Background

Soil erosion is amajor watershed problem in many developing countries. In awatershed there may
be many different sources of erosion. Eroded material derived from the watershed, riverbed and
banks will be transported with the flow as sediment transport, either in suspension or as bed load.
Ultimately, this sediment is redeposited, often causing problems in downstream areas.
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Generally, the sediment transport phenomenon is afunction of many processes. Erosion of the
land surface takes place in the form of sheet erosion, rill and inter-rill erosion, and gulley erosion.
Eroded sediment particles that are transported to the river are called delivered sediment or sediment
yield from a given watershed. The delivered sediment travels with the flow as suspended material.
The other component of the sediment transport comes from the bed and bank material and travels
with the flow as suspended or bed load. The transported particles move downstream as far as the
hydraulic conditions permit. These conditions depend on the slope of the river, velocity, discharge,
Cross sections, etc.

Throughout Ethiopia, soil lossis a critical problem. Sheet and rill erosion, is estimated to be
very high, reaching levels of up to 100-200 Mt ha? yr?, in 50% of agricultural areas (Sonnenveld
2003, quoting the earlier works of Hurni; and Herweg and Stillhardt). Population densities and
herd sizes are the highest in Africa, and continue to grow rapidly. Thus, without careful land
management, erosion rates are likely to increase.

4.2. Erosion and Sediment Problemsin the Blue Nile

According to Hydrosult Inc et al. (2006b), the Ethiopian Plateau is the main source of the sediment
in the Blue Nile system. Some erosion occurs within Sudan, mainly on and around the rock hills
(Jebels), which have become devoid of vegetative cover. Most of thisis deposited on the foot slope
of the hills and does not enter the drainage system. Some water induced soil movement also occurs
on theflat clay plains, but given the poorly developed surface drainage system little of this sediment
reaches the main rivers. However, those streams which do reach the river during the rainy season
carry heavy sediment loads. Within Sudan, although there is not enough information, however, itis
believed that about 11 seasona streams upstream of the Roseires Dam bring a considerable amount
of sediment load during the rainy season (Ahmed 2006).

There are four main areas of high sheet erosion in the Abay Basin (Hydrosult Inc et al. 2006Db).
Thefirst is the steep slopes around Mount Choke in East and West Gojam. Thisis an area of high
rainfall which, because of the problems of providing effective water disposal structures, causes
problemsin devel oping physical soil conservation structures. The second area of high erosion hazards
occurs in the Lake Tana Basin. This area includes the steep cultivated slopes around mounts Guna
(South Gonder) and Moalle (South Wello). A third, more restricted, areais found in the upper Jema
Sub-basin in South Wello on the high hills north and west of Debre Birhan. A fourth areaiis located
south of the Abay and encompasses the upper and middle steep and cultivated slopes of the Middle
Abay Gorge in East Wellega. Two subsidiary areas with ahigh erosion hazard are the Upper Didessa
Valley and along the escarpment hillsto the west of Lake Tanain the upper Dinder and Beles valleys.

The total soil eroded within the landscape in the Abay Basin is estimated to be 302.8 million
tonnes per annum and from that cultivated land’ is estimated to be 101.8 million tonnes per annum.
Thus, about 66% of soil being eroded is from non-cultivated land (i.e., mainly from communal
grazing and settlement areas). The area of cropland subject to “unsustainable” losses (i.e., where
loss exceeds soil formation or 12.5 tonneshalyr) are 968,900, 104,000 and 956,900 ha in the
Amhara, Benishangul Gumuz and Oromiya areas of the Basin, respectively. Thus, atotal of about
2.03 million hectares (Mha) of cultivated land have unsustainable soil |oss rates.

" “Cultivated land” as identified on the 1:250,000 landsat images. This may include areas of grassland, settlement, field boundaries,
etc., that are too small to discriminate separately. Invariably “cultivated” land is greater in area than land under crops as defined, for
example, by the Central Statistical Office (CSA).
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Of the total 302.8 million tonnes of soil eroded, a proportion is re-deposited within the landscape,
but the remainder reaches streams and rivers. At the basin level, the estimated sediment delivery
ratio (SDR) indicates that approximately 55% of sediment remains in the landscape and does not
reach the stream system. This estimate is much lower than the 90% estimated by the Ethiopian
Highlands Reclamation Study (EHRS) but closer to the 70% estimated by Hurni (1985).

The main erosion problem in the Sudan part of the Blue Nile Basin is the gully erosion along
the Blue Nile and Dinder rivers. The plains are overlain with Vertisols (black cracking clays). The
Vertisols develop very wide cracks during the dry season. At the onset of the rains water enters the
cracks. Whilst the soils are covered with deep rooted vegetation there is no problem as roots take
up any excess subsurface water. However, once this vegetation is removed there is excess water in
the soil and subsurface tunnels develop. These eventually collapse leaving an incipient gulley, which
gradually extends back into the plain stripping the soil away from the underlying weathered rock
of unconsolidated sediments. These unconsolidated sediments are extremely soft and erodible and
deep gullies form very quickly resulting in what is known locally as kerib land.

The Dinder is gullied for about 50 km upstream from its confluence with the Blue Nile. Most
kerib land along the Dinder has gullied up to 500 m from the river. The Rahad River does not
appear to be affected except very locally near its confluence with the Blue Nile. An interpretation
of Landsat TM imagery from the year 2000 provided an estimate of 141,810 ha of land in the Blue
Nile Catchment of Sudan being affected. Some kerib land adjoins rainfed and some irrigated
cropland. As no information is available on erosion rates it is difficult to estimate the impact on
loss of cultivated land (Hydrosult Inc et al. 2006b).

4.3. Erosion and Sediment Data

Information concerning the sediment load of the Nileislimited compared with the available discharge
data. Some measurements of suspended sediment load are available, but measurements of bed load
are very rare. According to the information obtained from the Ministry of Water Resources (MoWR)
in Ethiopia, and Hydrosult Inc et al. (2006b), the MoWR has a number of intermittent sediment
records for tributaries of the Abay. Nearly all watersheds for which data are available are less than
1,000 km? in area. The data have been analyzed and tabulated by three sources: (i) The Abay Basin
Master Plan Study, (ii) the Tekeze Medium Hydro Study, and (iii) a study undertaken by Rodeco
for MOWR (2002). There are a number of discrepancies between the datasets and some stations
are included in one dataset but not in the others.

Examination of the sediment stations available from the Hydrological Department of the MoWR
shows that there are atotal of 45 in the Abay Basin. However, some of these have only very sporadic
measurements. Most of the available sediment datais related to periods during which stage-discharge
rel ationships were developed for flow gauging stations or when revisions to such relationships were
made. A few specia studies have aso been undertaken. Continuous monitoring of sediment has not
been undertaken at any of the stations. A consolidated list of stations with data records for the
Abay is provided in Appendix 4.

Preliminary analysis shows that sediment distribution is having a strong peak during the rainy
season, particularly in the month of July and almost no sediment in the dry seasons. Figure 21 and
22 show examples of the sediment concentration profile of the Ribba watershed and the aggregated
information of three sub-basins of the Upper Blue Nile, respectively. Since the stage or discharge
with sediment relation ship isweak particularly during dry seasons, stage-discharge like relationship
for sediment is therefore not applicable for sediment data generation. According to Haregeweyn et

29



al. (2005), analyses of the data indicate that there is no clear relationship between sediment yield
and the size of the watershed area. This suggests that a number of other factors have amuch stronger
influence. In a study undertaken in the Tekeze Basin these other factors were found to be variations
in lithology, land use, gully density and connectivity. Given the similar conditions in the Abay Basin
the same factor are aso likely to be responsible, in addition to the rainfall intensity and land
topography.

As examples, figures 21 and 22 show the sediment discharge curves for the year 2000 for two
rivers in the Lake Tana Catchment.
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FIGURE 21. Sediment discharge curve at Addis Zemen (Ribba).
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In the Sudanese part of the catchment, intensive sediment measurements were started in 1988
and 1996 to quantify the sediment entering the Gezira and Rahad schemes, respectively.
M easurements were taken on the Blue Nile (1954 and 1955 at Wad Alais) as part of the studies for
the Roseires Dam. Following construction of the dam, further sedimentation studies have been
undertaken (i.e., sediment load measurements and bathymetric reservoir surveys) to estimate reservoir
siltation. At present alimited number of sediment monitoring stations are operating at various places
(see Appendix 3). These measuring stations are at EI Deim, Wad Alais and Sennar on the Blue
Nile; Gawisi and Hawata on the Dinder and Rahad rivers, respectively. Furthermore, some stations
are located on the Gezira and Rahad schemes, and Hamdab on the main Nile. Table 10 summarizes
the 10-day mean sediment concentration for the Blue Nile River at different locations in Sudan and
Table 11 shows the maximum sediment load concentration for a selected flood event in 2002.
Because of the limited data available for most of the locations, the estimates of sediment load and
concentration may be subject to a wide range of errors.

TABLE 10. Ten-day mean sediment concentration for the Blue Nile at different locations in Sudan.

Month Period Mean sediment concentration (part per million (ppm)
El Deim Wad Alais Sennar

June 1l 1,956 1,172 -
I

July | 3,361 2,454 3,200
Il 3,895 2,724 4,072
I 4,335 3,274 3,612

August I 5,660 2,772 2,790
I 3,095 2,859 2,415
I 2,948 2,654 2,154

September I 3,589 2,588 1,887
I 2,305 1,669 1,500
I 1,755 1,028 1,442

October I 1,294 990 900
I 591 946 -
I 317 - -

TABLE 11. Maximum sediment concentration during the flood season 2002 in different locations of the Blue Nile System.

Station Maximum concentration (ppm) Date

Roseires 21,570 29/7/2002
Wead Elais 15,044 06/8/2002
Sennar 12,459 30/7/2002
Wad M edani 10,106 16/7/2002
Gezira Canal 19,472 31/7/2002
Managil Canal 21,535 31/7/2002
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4.4. Estimate of Sediment Inflow to Sudan

Unlike discharge, sediment rating curves are usually based on short data records. However, long-
term sediment load estimates are required for reservoir sedimentation studies and to assess trends
in sediment loads resulting from land use changes. The procedure developed by Miller (1951), which
combine short term sediment rating curves with long-term flow duration curves was implemented
in the Nile Basin Capacity Building Network (NBCBN) study. Flow durations curves for thirty
years (1966-1995) were developed for each 10-day period of the flood months (July-September)
for the El Deim gauging station. Suspended sediment concentrations were then computed with the
aid of the appropriate sediment-rating curve. These values were then multiplied by the corresponding
time interval and time accumulated to give the mean sediment yield over each period.

4.5. Summary of Sediment Results from Previous Sudieson the Blue Nile

A number of previous studies of sediment transport have been conducted on the Blue Nile. As part
of the Nile Friend project (Sediment Transport component) a comparison was made between the
discharge measured at El Deim, the total rainfall over the watershed and the sediment concentration
in the Blue Nile (Figure 23).

= Rainfall

-

__Sediment

s

w ——— Discharge

i [t DHschiangn —— Mamdall (Mm 3] =& Sodliment Cancesiratlos (ppm )

FIGURE 23. Comparison between rainfall, discharge and sediment yield at El Deim (Source: Ahmed 2003).

The results show that the peak of the discharge (513 Mm?® per day), comes after the peak of
the sediment (5,660 ppm) by about three weeks, while the peak of the total rainfall (2,123 Mm?
per day) comes one week before the peak of the discharge. This sequence of incidentsislogical. It
is attributed to the fact that at the beginning of the rainy season, the catchment area is bare, there
is little green vegetation and the soils are exposed and easily eroded. The time lag between these
peaks depends on the rainfall intensity, duration and temporal distribution as well as on the condition
of the catchment.

The deforestation and the degradation of the Ethiopian Highlands have a negative impact on
the whole downstream catchment. In Sudan, sediment deposition in the reservoirs and theirrigation
canal networks causes flood risks, crops damage, pump intake blockages, reduced production and
hydropower generation difficulties. The cost of desilting reservoirs and irrigation canals is enormous
(Figure 24).
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FIGURE 24. Dredging in Roseires Reservoir and an irrigation canal in Sudan (photo credit: Seleshi B. Awulachew).

4.6. Reservoir Sedimentation and Potential Mitigation M easures

The reservoirs on the Blue Nile are serioudly affected by sedimentation. The Sennar Dam, constructed
in 1925, was the second dam built on the Nile system, after the Old Aswan Dam in Egypt (1902).
The original capacity of the Sennar Reservoir was 930 Mm?®. Because of its good design and the
proper implementation of operationa rules (i.e., allowing the early floods to pass through the dam),
aswell asrelatively low sediment input because of less upstream degradation, there was relatively
little sedimentation in the reservoir during thefirst 56 years (i.e., 1925-1981) (Figure 25). Throughout
that period the rate of sedimentation never exceeded ¥2% per year (i.e., 4.6 Mm?). Consequently,
there was only a 28% reduction in the reservoir capacity over the first 56 years. However, between
1981 and 1986 the rate of sedimentation increased dramatically to arate of 80 Mm?® per year (i.e.,
areduction of 400 Mm?3 (43%) in only 5 years). In total, over a period of 61 years the Sennar Dam
lost 660 Mm?® (i.e., 71% of its original capacity). Although some of the rapid increase can be
attributed to increased sediment loads, the primary reason for the huge rise in the period 1981 to
1986 was due to a change in the operational rules to satisfy the requirements of new irrigation
schemes located upstream and downstream of the dam. Currently, the Sennar Reservoir is no longer
used to store significant volumes of water, but instead provides minor regulation to generate alimited
amount of hydropower (15 MW).
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FIGURE 25. Storage capacity versus reservoir level of Sennar Dam (1925-1986) (Source: Ahmed 1992).
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The Roseires Dam, which was constructed in 1964 on the Blue Nile, is the biggest reservoir in
Sudan, with an initial capacity of 3,300 Mm®. The Roseires Dam is located about 200 km upstream
of the Sennar Dam. Figure 26 shows the sediment volume and the content of the Roseires Reservoir
for the period 1964 to 1992. In the first ten years, the drop in the capacity was 550 Mm? with arate
of 55 Mm? per year. In the period 1976 to 1981 the reduction in the capacity was 100 Mm? with a
rate of 20 Mm? per year. In the period 1981 to 1985, the reduction in the capacity was 120 Mm? with
arate of 30 Mm?3 per year. However, adrastic increase in the sedimentation rate occurred in the period
1985 to 1992 with arate of 60 Mm? per year and atota reduction of 427 Mm?. This, may be attributed
to the drought which took place during the late eighties and the policy of food security adopted in
Sudan. Thisresulted in an increase in the irrigated area but no consideration was given to mitigation
measures and the water required to flush out silt from the reservoirs and the irrigation cana networks.
In total, in the 28 year period from 1964 to 1992, more than 36% (1,200 Mm®) was lost from the
original reservoir capacity. Thisreflects arate of deposition that was significantly greater than the 15
Mm? per year predicted by the dam designer (Sir Alexander Gibb & Partners). Since 1992, there has
been no bathymetric survey of the reservoir, so it isnot possible to know the current situation. However,
it isalmost certain that significant volumes of sediment have been deposited in the reservoir in recent
years, though it is possible that an equilibrium has been established. Figure 27(a) and (b) show sediment
and debris deposited in front of the Roseires Dam.

481

9%
1992
P
Q@
%
\ [#
¢
%
)
%

ave original capacity, 1966

477
water budget 1976

475
water budget 1981

STAGE m

water budget 1985

b 1 1 1 1 3 Il 1
400 800 1200 1600 2000 2400 2800 3200 3600 4000
Sediment Volume or Content { M m?)

FIGURE 26. Sediment volume and content of Roseires Dam (Source: Ahmed 2006).
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Figure 27(a). Delta formation upstream, Roseries Dam (Photo: Ahmed 2005); (b) Debris in the reservoir upstream,
Roseries Dam (Photo: Ahmed 2005).

Clearly, methods to control sedimentation (e.g., to revise the present operation policy of the
reservoirs and seek an efficient flushing system) are essential for both the Rosieres and the Sennar
dams. Moreover, it is essential that work is conducted, in collaboration with the upstream areain
the Ethiopian Highlands, to reduce the sediment input through better watershed conservation and
management. Measures that could be adopted include: catchment erosion control, maximization of
sediment through flow (i.e., Sluicing), diversion of heavy sediment flow (by passing), and dredging.
There is no doubt that the most effective sediment control is through upstream conservation, for
example, through green cover (afforestation) and soil and water conservation measures.

4.7. Sedimentation of Irrigation Networks

Sedimentation isamajor problem for irrigation systemsin Sudan. It creates serious negative impacts
such as reduction of irrigated area and decreases in crop productivity. It also increases the cost of
operation and maintenance. The sediment is deposited as a result of the low flow velocities
experienced inirrigation canals. It is estimated that, in Sudan, almost 97% of the sediment entering
the irrigation systems is smaller than 63 microns (i.e., predominantly silt and clay). The kind of
soil formed by the deposition of this fine sediment on the bed and banks of canals provides an ideal
environment for aquatic weed growth. Such growth reduces flow velocities further, thereby resulting
in yet more sediment deposition. Figures 28 and 29 provide an insight into the serious problem
facing the Blue Nileirrigation schemes. Figure 29 shows the situation of bad sediment clearancein
one of theirrigation canals in the Gezira scheme arsing because of the use of an unsuitable excavation
machine. The approximate distribution of sediment deposition, according to recent studies carried
out in the Gezira scheme, gives the following results (Ahmed 2006).

Main cana 5%
Major canals 23%
Minor canals 33%
Passed to the fields 39%

In Sudanese irrigation schemes, the most common form of sediment control is dredging of the
deposited sediment. This practice is very expensive and time consuming and alternative solutions
have been suggested by the National Hydraulics Research Station including (Ahmed 2006):

- to change the present sediment clearance practices;
- to change the water distribution practices; and
- tointroduce sediment excluders or settling basins.
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However, we believe further studies and investigations are required to better deal with the
sedimentation problem in the irrigation canal networks.

FIGURE 28. Sedimentation problem in the Gezira scheme canalization system (photo credit: Abdella A. Ahmed).

FIGURE 29. Sedimentation challenges in canals of 80 km Meana to Rahad conveyance. Note the canal is behind the pile
of dredged sediment (photo credit: Seleshi B. Awulachew).
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4.8. The Challenges

Erosion, sediment transport and sedimentation are critical problems in the Blue Nile Basin. The
problems are compounded by arange of factors, not only related to the hydraulic properties of the
river, but also to various social, institutional and political problems. Erosion and sediment problems
are strongly related to land use policy, natural resource management, level of development and
degradation/deforestation of the basin aswell as cultivation practices, conservation measures, etc.
Many of the most pertinent issues are reviewed by Hydrosult Inc et a. (2006b, 2006c). They
identified the key issues as follows:

e policy issues and opportunities,
e ingtitutional issues and opportunities, and
e physical and technical issues.

The physical and technical issuesinclude:

e soil erosion and sedimentation,

e soil degradation and loss of agricultural productivity,

e changesin vegetative cover and degradation of wetlands in the catchment,

e the extent of reforestation and increases of vegetation cover in the basin, and
e trendsin soil and vegetation degradation, and loss of biodiversity.

Based on these and the previous reviewsiit is clear that socioeconomic development in the basin,
particularly in downstream areas, is hampered by sediment deposition. Future development is likely
to be similarly constrained because of the current unprecedented levels of degradation in the upper
catchment. It is not only human interventions that are affected, but there is also significant damage
to the environment as a consequence of high sediment loads. It is essential that appropriate measures
are introduced to reduce erosion. Measures that can be implemented at catchment level can be broadly
categorized as conservation measures (i.e., protecting non-degraded areas) and degradation reversal
measures (i.e., that reverse degradation in already degraded areas).

4.9. Proposed Modeling Strategy for this Sudy

The watershed modeling component of the study is focused on the characterization of erosion and
sediment transport, and sedimentation issues in the basin, particularly in those upstream areas which
are the primary sources of sediment collection. The objective is to assess both the on-site and off-
site impacts of possible interventions. The analysis of the impact of interventions, using modeling
and scenario analysis, will include evaluation of the impacts on both existing and planned
infrastructure.

Modeling sediment and evaluation of the impact of intervention on sediment budgetsis a difficult
task. There is no known modeling framework which can easily estimate sediment erosion and
transport and evaluate the impact of soil and water conservation measures at large scales. Erosion
modeling approaches such as Universal Soil Loss Equation (USLE) or Revised Universal Soil Loss
Equation (RUSLE) estimate erosion in small catchments based on relationships established using
soil conservation data. Applying such relationships to a basin the size of the Blue Nileis difficult,
since these models are not designed for such large systems and obtaining the required input dataiis
also difficult. However, in the current study an attempt will be made to use them in selected research
catchments such as the Soil Conservation Research Project (SCRP) sites of Anjeni and Tid. Other
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techniques, based on discharge-sediment rating curves, will be used to establish sediment relationships
at larger scales. Directly measured data, such as data from the reservoirs, will be analyzed to provide
an insight into the key points of cumulative sediment yield in the basin.

Evaluating the impact of interventions will be difficult. An attempt will be made to collect
primary data from soil and water conservation data sites such as the K oga Watershed project sites.
Impacts of changes in land use cover will be evaluated wherever appropriate sediment data are
available. Remotely sensed data (i.e., satellite data) will be used to assess changes in land cover
and this information will be linked to sediment yields to assess the impacts of changesin land cover
change on erosion risk. Where possible the SWAT model will be employed for detailed analyses
and understanding of the impact of interventions.

Schematically, the entire Blue Nile Basin will be nested to provide an overview and understanding
of the sediment dynamics at various scales. Figure 30 provides a schematization of the modeling
framework, illustrating the linkages across scales. This will include:

e Micro-watershed level

o Watershed and small dam level

e Sub-basins and major lakes

e Basin outlet and large reservoir

e Downstream of lake outlets and large reservoirs
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FIGURE 30. Conceptualization of the modeling framework for erosion and sediment modeling across a range of scales.
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5. WATER RESOURCES DEVELOPMENT
5.1. Current Situation

Ethiopia currently utilizes very little water of the Blue Nile, because of the inaccessibility of the
river, lack of infrastructure, the major centers of population lying outside of the basin and due to
its system mainly depending on the rainfed system. To date only two relatively minor hydraulic
structures have been constructed in the Ethiopian Blue Nile Catchment (Table 12). These two dams
(i.e., Chara Chara Weir and Finchaa) were built primarily to provide hydropower. The combined
capacity of the power stations they serve (218 MW) represents approximately 30% of the total
currently installed power capacity of the country (i.e., 731 MW, of which 90% is hydropower)
(World Bank 2006).

Thereisvery littleirrigation in the Ethiopian Blue Nile Catchment. Figure 31 shows the location
of existing “modern” irrigation schemes. The total irrigated area is currently estimated to be less
than 15,000 ha, but since this does not include the small-scale traditional schemesitis certainly an
underestimate of the real total. Currently, the only major irrigation scheme in the Ethiopian part of
the catchment is the Finchaa sugarcane plantation (8,145 ha), which utilizes water after it has passed
through the hydropower plant (Table 12).

On the other hand, Sudan utilizes significant volumes of water from the Blue Nile, both for
irrigation and hydropower production. Both the Sennar and Roseries dams have been constructed
on the main river approximately 350 and 620 km southeast of Khartoum (Table 12), respectively.
These generate hydropower (primarily for Khartoum) as well as providing water for the large Gezira
irrigation scheme. The installed power capacity at the two damsis 295 MW, which represents about
25% of the countries total capacity (i.e., 1,200 MW from both thermal and hydro power stations).

¢ |rigation Schemes
Rivers

Lakes

T

Figure 31. Existing “modern” irrigation schemes in the Ethiopian Blue Nile.

39



The Gezira scheme, which covers 882,000 ha, is one of the largest irrigation schemes in the
world. It lies between the White and Blue Nile rivers, immediately to the south of Khartoum and
supports the livelihoods of 100,000 farmers. The Gezira scheme was designed as a supplementary
irrigation system from the Blue Nile River. It is worth a mention, that the Blue Nile is the main
source of water for more than 70% of the irrigated area in Sudan. The scheme is divided into
approximately two halves: the area brought under irrigation between 1925 and 1958, and the Managil
Extension developed over the course of the 1960s and the early 1970s. The arid climate necessitates
irrigation of both summer and winter crops. This is achieved by diverting water from the Sennar
Dam just south of the scheme. Irrigation is primarily by gravity flow. Two parallel canals|leave the
Sennar Dam and merge into a common pool. From there several branch canals, one main canal
and three subsidiary canals diverge westwards to serve Managil (Gezira Extension) and two smaller
main canals (old main canal and new one) north into the older part of the scheme. Each of the
canals subdivides into branches, major and minor canals of varying sizes (Levine and Bailey 1987).
In total there are some 11,000 km of irrigation canals, and 29,000 field channels with 1.5 km each
(Ahmed 2003). The scheme is estimated to use 9,226 Mm? of water annually and produces two-
thirds of the country’s cotton exports (World Bank 2000). However, according to official reports
from the Ministry of Irrigation and Water Resources of Sudan, the long-term average of Geriza
water use is 7,000 Mm? annually.

Other irrigation schemes on the Sudanese Blue Nile and its tributaries are presented in Table
13. The estimate for the total area currently irrigated in the Blue Nile Catchment of Sudan is
1,304,7000 ha. Approximately 90% of the water abstracted from the Blue Nile in Sudan is used
for irrigation, with domestic, industry and other uses accounting for the remaining 10% (World
Bank 2000).

TABLE 12. Existing dams in the Blue Nile Catchment.

Dam River Location Storage  Built Purpose
Latitude  Longitude (Mmd)
Ethiopia
CharaChara Abay 11.60 37.38 9,100* 2000 Regulation of Lake Tana outflows

for hydropower production at Tis
Abay | and TisAbay Il power
stations (installed capacity - 84MW)
Finchaa’ Finchaa 2,395 1971 Regulation for hydropower
production (installed capacity - 134
MW) and also sugarcane irrigation

(8,145 ha)
Sudan
Roseires BlueNile 11.85 34.38 3,024 1964 Regulation for hydropower
production (installed capacity - 280
MW) all irrigation schemes
(1,305,000 ha)
Sennar BlueNile  13.55 33.63 930 1925 Regulation for hydropower

production (installed capacity - 15
MW) and supply to Gezira
irrigation scheme (882,000 ha)

* thisisthe active storage of Lake Tanathat is controlled by the operation of the weir (i.e., lake levels between 1,784 and 1,787 madl).
It represents 2.4 times the average annual outflow of the lake.
“asmall dam located on the Amerty River (storage 40 Mm?®) diverts water from the Amerty into the Finchaa Reservair.
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TABLE 13. Existing irrigation schemes in the Sudanese Blue Nile.

Scheme Command area (ha) Crops
Geziraand Managil 882,000 Cotton and mixed crops
Rahad 148,000 Mixed crops
El Souky 29,800 Mixed crops
Public pumps 73,500 Mixed crops
Private pumps 58,800 Mixed crops
Al Gnaid 34,900 Sugar

Sugar Northwest Sennar 14,700 Mixed crops
Abu Naama 12,600 Mixed crops
Al Sait, Waha 50,400 Mixed crops
TOTAL 1,304,700

Source: Ahmed 2006.

5.2. Future Development

5.2.1. Irrigation

The Nile riparian countries have agreed to collaborate in the development of the Nile water resources
to achieve sustainabl e socioeconomic development. Thereis significant potential for further water
resources development in Ethiopia and in downstream countries.

In Ethiopia, possible irrigation projects have been investigated over a number of years (e.g.,
USBR 1964; WAPCOS 1990; BCEOM 1998). Currently envisaged irrigation projects will cover a
total of more than 174,000 ha, which represents 21% of the 815,581 ha of potential irrigation®
estimated in the basin (BCEOM 1998) (Figure 32). Major irrigation schemes that are currently
being planned and/or being implemented are described in Table 14.

= Potential lmigabon
Rivers
Lakes

FIGURE 32. Map showing potential sites for future “modern” irrigation schemes in the Ethiopian Blue Nile.
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An analysis of the water resources required to support the Ethiopian irrigation devel opment,
proposed in the Abay River Master Plan (BCEOM 1998), indicates that approximately 5,750 Mm?
would be needed to irrigate between 370,000 and 440,000 ha. This represents approximately 12%
of the mean annual flow of the Blue Nile from Ethiopia. More recently, it has been estimated that
the water required for the 220,416 ha of highest priority irrigation would be between 2,200 and

3,830 Mm? (Endale 2006).

Sudan is also planning to increase the area irrigated in the Blue Nile Basin. Additional new
projects and extension of existing schemes are anticipated to add an additional 889,340 ha by 2025
(Table 14). Unless irrigation efficiencies are significantly better than those currently achieved in
the Gezira and other schemes, this will require approximately 9,000 Mm? more water than is

abstracted at present, which is about 18.5% of the annual flow of the Blue Nile.

TABLE 14. Major planned irrigation development in the Blue Nile Basin.

Name Catchment Command Description Possible
area (ha) completion date
Ethiopia
Angar-Nekemt Angar 26,000 Two dams to be built on the upper Unknown
irrigation project reaches of the river
Didessairrigation  Didessa 55,000
project Three dams to be built on the Didessa Unknown
River and the Dabana and Negeso
tributaries
Koga irrigation Koga 7,200 Dam currently being constructed on the 2008
and watershed Koga River, which flows into
management Lake Tana
project
Lake Tana Lake Tana 50,000 In addition to the Koga scheme, four Unknown
irrigation projects dams to be constructed on the major
rivers flowing into Lake Tana
Extension of Finchaa 12,000* Extension of existing scheme from the Unknown
Finchaa sugarcane west bank to the east bank of the Finchaa
scheme River, using flow regulated by the
existing Finchaa Reservoir
Beles Beles 14,000 (-) Using water diverted from the Tana 2009
Catchment, after it has been used for
hydropower production
TOTAL 164,200
Sudan
Rahad Rahad 19,740* Extension of existing scheme 2025
El Souky 6,300* Extension of existing scheme 2025
Public pumps 39,900* Extension of existing scheme 2025
Private pumps 4,200* Extension of existing scheme 2025
Sugar Northwest
Sennar 4,200* Extension of existing scheme 2025
Abu Naama 2,100* Extension of existing scheme 2025
Al Sait, Waha 50,410* Extension of existing scheme 2025
Kenana Il and Il 420,100 2025
Rahad 11 Rahad 210,000 2025
South Dinder Dinder 132,000 2025
TOTAL 888,950

* additional areas (i.e., to be added to existing schemes),
- Thisrepresents just 10% of the identified economical feasible potential

Source: various
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5.2.2. Hydropower

In the Ethiopian Blue Nile more than 120 potential hydropower sites have been identified within
the Blue Nile reach (WAPCOS 1990). Of these 26 sites were investigated in detail during the
preparation of the Abay River Basin Master Plan (BCEOM 1998) (Figure 33). The major
hydropower projects currently being contemplated in Ethiopia have a combined installed capacity
of between 3,634 and 7,629 MW (Table 15). The exact figure depends on the final design of the
dams and the consequent head that is produced at each site. The four largest schemes being
considered are dams on the main stem of the Blue Nile River. Of these schemes the one that has
advanced the furthest is the Karadobi project for which the pre-feasibility study was conducted in
2006 (Norconsult 2006).

In addition to the schemes listed in Table 14, it is anticipated that power generation will be
added to several of the proposed irrigation projects where dams are being built. It is estimated that
this could provide an additional 216 MW of capacity (BCEOM 1998). The possible total annual
energy produced by all the hydropower schemes being considered is in the range 16,000-33,000
GWh. This represents 20-40% of the technical potential in the Ethiopian Blue Nile (i.e., 72,000
GWhyr?) estimated by the Ministry of Water Resources. Currently, it is anticipated that much of
the electricity generated by these power stations will be sold to Sudan and possibly Egypt.
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FIGURE 33. Map showing the location of potential hydropower sites in the Ethiopian Blue Nile, investigated in the
development of the Abay River Basin Master Plan (Source: BCEOM 1998).
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TABLE 15. Major planned hydropower schemes in the Ethiopian Blue Nile Basin.

Name Catchment Location Description Anticipated Energy Possible
capacity (GWh)  comple-
(MW)* tion date

Latitude Longitude

Karadobi Blue Nile 9.86 37.69 250 m high concrete dam. 660-1,580 2,890- Unknown
Total reservoir volume 6,920
40,220 Mm?. Live volume
17,300 Mm&. Full supply
level 1,146 masl. Reservoir

area 460 km?#
Mabil BlueNile 10.32  36.67 170 m high dam. Total 510-1,400 2,230- Unknown
reservoir volume 13,600 6,130
Mmé. Full supply level®
Mendaia BlueNile 10.07 36.57 164 m high dam. Total 980-1,700 4,290- Unknown
reservoir volume 15,900 6,750
Mm?
Border BlueNile 11.21 35.09 84.5 m high dam. Total 750-1,780 3,285- Unknown
reservoir volume 11,100 7,800
Mm?
BelesDangur Beles 1111 3584 104-143 455-626 2009
Fettam Fettam 1045 37.01 94-139 410-608 Unknown
Lower Didessa Didessa 9.48 35.98 190400 832-
1,752 Unknown
Lower Guder Guder 9.42 37.66 30-82 131-359 Unknown
Lower Dabus Dabus 9.96 34.91 164-212 709-928 Unknown
Upper Dabus Dabus 9.83 34.87 152-193 666-845 Unknown

* where arangeisindicated the actual value will depend on the final height of the dam and hence the reservoir elevation
# Description from feasibility study (Norconsult 2006)

* Description from Block 2007

Source: BCEOM 1998

Technically feasible hydropower energy production in the Nile Basin of Sudan is estimated to
be 45,000 GWh per year. However, the mgjority of this is on the main Nile downstream of the
White and Blue Nile confluence and on the Atbara River. Currently, the Merowe Dam, with an
installed capacity of 1,250 MW, is being constructed on the main Nile downstream of Khartoum.
Several other magjor dams are being planned. However, currently there are no plans to develop
additional hydropower schemes on the Blue Nile and its tributaries.

5.3. Past Modeling of the Water Resources of the Blue Nile

Over the years a number of computer models have been devel oped to assess and weigh the benefits
and impacts of water development and management strategies in the Blue Nile. In the 1980s a mullti-
objective programming model was devel oped to investigate the impact of proposed water resources
development in the Ethiopian Blue Nile on flows in Sudan and Egypt. Thisincluded an evaluation
of the four dams proposed for the main stem of the river as well as several irrigation projects.
Although based on anumber of simplifying assumptions, the study (Guariso and Whittington 1987)
concluded that:



e |f Ethiopia was to fully develop the Blue Nile Basin for both hydropower and irrigation
(with an estimated 6,000 Mm? being used in Ethiopia), through better watershed management
and efficient utilization of the green water, the overall amount of water available for
agricultural use in Sudan and Egypt would increase. Since the river could be regulated
more easily downstream with almost constant flow throughout the year, this reduces
evaporation losses from all the downstream reservoirs and in particular the Aswan High
Dam in Egypt. The Authors of this Working Paper believe that such well recognized and
pronounced benefits will enhance the cooperation between these countries (Ethiopia, Sudan
and Egypt).

o Thereis little, if any, conflict between the riparian states on the broad policy of how
reservoirsin Ethiopia should be operated.

e Proposed development of irrigation on the Ethiopian portions of the Dinder and Rahad rivers
would significantly impact downstream users and does conflict with Sudanese devel opment
plans.

More recently, the NileSim model has been devel oped to simulate water resources of the entire
Nile Basin. This model was developed primarily as alearning tool to explain complex river behavior
and management to non-technical people. It enables the development of scenarios to examine the
effects of policy options and changes caused by manipulating dams and regulating river use (Levy
and Baecher 2006).

The Investment Model for Planning Ethiopian Nile Development (IMPEND) has been developed
and used to simulate the operation of the four large dams that Ethiopiais considering constructing
on the main stem of the Blue Nile (Block 2006; Block 2007). Although necessarily based on many
assumptions (including that agreement on water impoundment and abstraction is reached with Sudan
and Egypt) the model indicates that, for various scenarios (including potential future climatic
conditions and differing flow policies), this large-scale development typically produces cost-benefit
ratios from 1.2-1.8 (Block 2007).

To date, perhaps the most comprehensive water resource simulation model developed for the
whole of the Nile Basin is the Nile Basin Decision Support Tool. This was developed under the
auspices of the Food and Agriculture Organization of the United Nations (FAO) and includes a
river and reservoir simulation and management module. This module comprises five components:
a) river network configuration; b) river hydrology; c¢) existing and planned hydropower facilities;
d) water use; and €) reservoir operating rules. River and reservoir routing models simulate the
movement of water through river reaches, quantifying transmission losses and time lags. Reservoir
and lake outflows through hydropower facilities and spillways are modeled with sufficient detail
for use in managing operations. An optimizing routine enables dam operating rules to be devel oped
that takes into account the complexity and uncertainty of the system. The module can be used to
simulate the impacts of alternative water resources development options (Georgakakos 2006).

5.4. Proposed Modeling Strategy for this Project

Pressure on water resources in the Blue Nile Basin is likely to increase dramatically in the near
future as aresult of high population growth in al the riparian states, and increasing devel opment-
related water needs in Ethiopia and Sudan. However, in spite of the national and international
importance of the region, relatively few studies have been conducted and there is only a limited
understanding of the basin’s detailed climatic, hydrological, topographic and hydraulic characteristics
(Johnson and Curtis 1994; Conway 1997).
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In the current study a water demand and supply model will be used to ascertain the resource
implications of proposed development in Ethiopia and Sudan. The model will be used to gain an
insight into the potential downstream consequences of the development of physical infrastructure
and water abstractions in a number of different future scenarios. Each scenario will provide a
consistent and plausible description of possible future water demand and supply in the catchment.
The objective of the water demand and supply modeling is to:

e Simulate water demand and supply for major production activities (existing and planned)
in the Blue Nile Basin; and

e Assesstheimpacts of upstream watershed management and all ocation on downstream users.

It has been proposed to configure the model to simulate the 16 principal sub-basin’s tributaries
identified by various previous studies of water resources in the catchment (Figure 34).

Following areview of available models, the model that was primarily selected for this component
of the study is the HEC-ResSim model developed by the US Army Corps of Engineers (USArmy
Corps of Engineers 2003). The model is designed to be used to evaluate planning and management
issues associated with water resources development. The model was selected for this study because:
i) it isrelatively simple to use, ii) it can work with the relatively limited data available, and iii) it
can simulate the operation of hydraulic structures.

The HEC-ResSim model essentially performs a mass balance of flow sequentially down ariver
system, making allowance for abstractions and inflows. The elements that comprise the water
demand-supply system and their spatial relationship are characterized within the model. The system
isrepresented in terms of its various water sources, withdrawal and transmission networks (including
reservoirs) as well as different water demands and supplies.

In the current study the model will be set up to use available flow data as input (i.e., it will not
be used to simulate natural hydrological processes). The model will initialy be configured to simulate
the current conditions within the catchment. The water availability and demand for this can be
reasonably and confidently determined using available abstraction data for irrigation schemes in
Sudan. This will provide a “baseline” against which the future scenarios can be compared. The
model simulation will be validated by comparing the flow accumulated from sub-basins situated
upstream of the main stem gauges located at:

i) Lake Tana outlet,
i) Kesse,

iii) the border, and
iv) Khartoum

The model will then be used to simulate the alternative future scenarios to assess the impact of
different development and management options. Data for the future scenarios will largely be obtained
from the Abay Basin Master Plan in Ethiopia and, where available, from project specific reports
(e.g., feasibility studies). Model simulation will be done on a monthly time-step.
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FIGURE 34. Schematic showing the proposed configuration of the water demand and supply model to be used in this
study. Mean annual discharge figures from Tesfahun et al. (2006).

6. DISCUSSION/RECOMMENDATIONS

The purpose, rationale and aims of the project entitled “Improved water and land management in
the Ethiopian Highlands and its impact on downstream stakeholders dependent on the Blue Nile’
have been provided. The project is intended to answer key questions such as:

e what are successful interventions that can improve agricultural productivity and
simultaneously reverse degradation?

e what are the likely downstream impacts of these interventions?
e what are the opportunities for enhancing rural livelihoods and food security?

The research will address these questions and provide insight into the existing situation. The
review reported here has identified gapsin knowledge and outlined the research methodol ogies and
approaches to be used in the project.

The coverage of datain the basin is highly variable and generally very scarce. Hence:

e A considerable area of the Blue Nile River Basin is un-gauged. As an example, about 40%
of the Lake Tana sub-basin is un-gaugged. Most gauges are located either in the headwaters
or close to the middle of the watersheds, with very few located close to the confluence with
the main river.

e High resolution (i.e., daily) meteorological data covering many parameters (i.e., class 1
stations) are very rare.
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e Sediment data are very scarce. There is no continuous sediment monitoring station in the
Abay part of the basin. Thereis, however, better data and information on the main stem of
the Blue Nilg, at reservoirs in Sudan.

The hydrology of the Basin has been described. Many models developed in temperate climates
do not simulate runoff well in Ethiopia. Analyses of rainfall and runoff data indicate that saturation
excess, rather than infiltration excess, is the dominant mechanism for runoff generation. As aresult,
simple water balance approaches, based on the limited data available, simulate flows reasonably
well. In the current study, the SWAT model has been modified and will be used to ssmulate flow at
arange of scales, from small watersheds up to the scale of the main tributaries. In addition, a number
of rainfall-runoff models will be tested.

Modeling of sediment and eval uation of possible watershed management interventions has been
conceptualized and will be conducted using a nested approach. The various scales that will be
considered are: micro-watershed with outlets at streams (e.g., SCRP sites); watersheds with outlets
to small dams (e.g., Koga Dam); sub-basin with outlets to the main stem of the Blue Nile or Lake
Tana; Abay Outlet at EI Deim and downstream in irrigation canals. Erosion, sediment yield and
rainfall-runoff mechanisms will be studied at SCRP sites to establish fundamental relationships.
Such analyses combined with other measured data will establish sediment magnitude at key small
dam locations. By establishing watershed parameters related to discharge, area and land-use, sediment
input to the main river will be estimated and discharge-sediment relationships at the outlet to the
basin will be established for the major outlets. The sediment budget of the major reservoirs and
sediment trapping efficiency will be used to establish the sediment loads downstream of the reservoirs
and provide a baseline against which to assess the impact of upstream interventions.

The current use of water resources and the future potential of the basin have been described.
This information provides a baseline from which to carryout analysis of existing water use and
demand and supply as well as analyses of future scenarios. In the short and medium term, thereis
considerable demand and supply for power production and irrigation development (up to 200,000
ha) in Ethiopia. Currently, there is no envisaged hydropower development in the Sudanese part of
the Blue Nile except the heightening of the Roseires Dam which is going to increase its capacity
by 4.000 Mm3. However, detailed analyses are required to assess the impact of proposed irrigation
development in the Sudanese part of the basin. In order to fully understand the impacts of planned
developments, different scenarios will be assessed using the HEC-ResSim model.

It is hoped that the vast list of references, the descriptions of previous models used in the basin
and the lists of hydrological, meteorological and sediment measuring stations compiled in this report
will be useful for other researchers conducting studies in the basin. It is anticipated that this study
will provide information, knowledge and important insights into water management optionsin the
Blue Nile Basin which will be reported in future reports.

48



(*"penunuod)

200'C T 0802 Gr9€ €€€80'6 0 TT00609€ SWeeN vsSs3ala 14
8T9'T T 06T €€€8L°GE L999T°6 8.6T T92060S€ 1quio vss3aia ve
60L'T T 08T €EEE6'9E 199986 856T T0S0609€ euefeplo YAONV €
W8T 4 0€TZ L99T1'9€ eeeee’s LS6T ¥500809€ Yoo vsSs3aia 44
TLY'T T 002T T9€ €EE8E'6 2.6T T900609€ (=S) es9pa@ vsSs3aia 114
6'260'C T 006T €EEEL'GE 26 0861 TOT060SE oJobueQ vss3aald (04
9210'C 4 0S6T Gv'9e 199908 ¥S6T ¥Ty0809€ iqueg vss3ala 6T
8'LTL'T € 0602 L99TT'9E Ge'g 0S6T €£T00809€ eloyd vss3daia 8T
L'€e9'T € 06€ET £EEEE0E £999T'6 6.6T €0T0609€ (4S) epaseg vsSs3daia LT
STLY'T € 0£02 99¢ a8l 2s6T €870.09€ 0refy vsSs3aid 9T
L'2e0'e 4 0T0Z G2'og £999¢'8 2861 ¥T20809€ elppay vss3daia 18
T09'T T 008T Gy'Ge G6 86T TTT060SE obN snava VT
ETe'T 4 00ZT €EEELVE €EEEE0T G/6T 7€000TVE SlIETY snava €T
TL9€'T T 0SET €EEEE'9E 19992'6 656T TE00609€E 1o sebuy YIONY 45
992'T € 0591 T'se €€€8L'6 GS6T €T0060SE IPUS N snava 1T
0L2'T 4 08T 199T2'GE L9916 0 7700605€ el My snava (0]8
vIE'T 4 0S.T L99T€'GE Gr'6 0861 800605 osJer snava 6
ver'T 4 002 €EEEHVE €€€€90T 16T ¥T000TYE ©jIpY IoH snava 8
Gre'T € 00LT 9'Ge Gv'6 €.61 €700605E eusH snava L
62r'T € 0091 L99T5'SE 26 8.6T £90060S€ os1ino snava 9
T¥62'T € 0591 €EEESVE €EEEE6 L96T £800607€ 1Bog snava S
T'00€'T € 09vT L99TLVE L99T.'6 2L6T £€00607€ sequreg snava 14
2L T 000€ L99TZ'6€ 9711 8.6T TYTOTT6E eua] P OTIHs3d €
6v. 4 0902 EEEET6E €eeee Tl GS6T 200TT6E orLes] O7IHS3g Z
G'9ee'T € 00€2 £9990°/€ 66 896T €90060.E oqlly YAONV T
44V IVIOL SSVY10 17V 3aNLIONOT aanLiivi 31vd 4 ar Nis aWeN uoleis useg-ans  ONS
eidoiy1g e

3|IN an|g-Aeqy ulsuoliess ereq [ed1foj0Iod N Jo 117 T Xipusddy 1L

S301dN3IddV 'L

49



(""penunuoo)

186 14 00S¢ £999/°8€ S0'6 96T 7S0608€ geb ejjous 430NN S
V9T 14 09S¢ S0'8¢ EEEEV'6 0861 ¥120608€ aMPUS JIONN S
L'T0E'T € 0s€e €EEE9'8E EEEEY'6 V.67 €9T0608¢ eged 439NN €5
T26T'T 14 0 G/.'8€ L99T€°6 ¢l6T ¥20606€ oydueyd 39NN cs
186 T G599¢ €6€ EEEEE6 6861 TYT0606€E ouays VININTC TS
G/6 14 0.8¢ £99T19'6E S6'6 SS6T 7900606€ ebuipeps VINNTC 0S
ZI0'T € 6,61 19998'8€ GS'6 686T €790608€ Nl B)IN VINNEC 61
Te8 14 0ooe G9'6E L99TT0T GS6T 7€000T6E SO VINNGEC 8
6GT'T € 00s¢ 6'8E L9918°6 €L6T €49T0608¢ we VYINNGEC VA%
899'T € 0SS¢ G2'6E €EEEY0T 086T EV100T6E joBopewiwic VINNTC 514
T96'T € 06¢T L99TV'9E L99TT'TT ¢l61 €200TT9E einpue i\ S37139 S
0L'T 14 0 G2'6E €EEE00T T66T YEYO0T6E nyie VINWEC 144
TOE'T 14 200C €€E8L°6E S6'8 0961 7E€€0806€ B/pno VINNTC 1%
L0T'T € 0552 €EEEC8E €EEE00T SS6T €2000T8¢E 051 eyoyo VINNTC 4%
0.2'T T 09S¢ L99T1'8E 199186 0861 T020608€ BINY 31499 VINNTC 114
V.6 T 0S.¢ L'8€ 86 VS61 T200608€ |y VINNTC or
7’768 T 0S¢ G'6€ €EEE9'6 0861 TSTO606€E yiigaiged VINNTC 6€
6'79L'T 14 009¢ A 1999/°6 0S8T 7610606€ eusded VYINNEC 8¢
6'€C6 1 0 SY'6€ GS'6 56T ¥200606€ BY3eyO VINWIEC LE
91G'T T 08¢ €ELE9’LE €EE8L'8 GS6T TE0080LE youp anmylL 43dno o€
T12'T 14 00S¢ €eeey’LE S0'6 VS6T Y0r060.LE 0peo d43ans Ge
€08r'T T 06¢T L99TY'9€ L99TT'TT S6T TTOOTTOE epbueq S37139 ve
L950'T € 00s¢ 8¢ 199968 086T €82¢0808¢€ lofsy 43ano €e
6v8'T T ocre VA £9995°6 0S8T TTE060.LE ogqureys VVHONIA 4
vEE'T T 00S¢ g'LE S9'6 6961 TOE060.LE IUSSN VVHONIH T€
€6E'T € 00Tc WA 96 8561 €70060.LE BUd10quIo} VVHONIH 0e
TLLT € 09¢e L99TT°LE GE'6 2861 €ET060.E OoREeH VVHONIA 6¢
8ve'T T 0cee 1999€°/€ 199956 6,61 TCT060.LE eeyould VVHONIH 8¢
6SE'T € 0S.T G89¢ €EEE06 861 €¢T0609€ alis nqis vss3aida e
256'T € 008T €EEE/'SE 568 2861 €€2¢080S€E Eqe 8|oN vss3aida 9
44VIN V101 SSV10 17V 3dN1IONOT IANLILVT 31va 4 ar Nis suleN uolels useg-gns  ONS

(" penunuoo) 81N @n|g-Aeqy Ul suolels erq [e2160]0I081B Al JO 1517 T XIpusddy T2

50



(""penunuoo)

/S0'T T 1961 1991V LE as'ct 2s61 TT00CT.LE fepuoo VNVL a8
9T18T'T € 00ST €EE8Y’LE €eesT et L/6T €CT0CT.LE Zeljug VNVL ¥8
€8I1L € 008T EEEED’LE g€eeeeet V.61 €0TOCT.LE Bra VNVL €8
T°006'T 14 S6.T 1999¢°'/€ 6'TT 096T ¥S00TTLE Blls|>ed VNVL 28
2'69S'T T 069¢ EEEEDBE €Ee88TT TS6T TTOOTT8E Joqel |ged VNVL 18
TISr'T T 0LLT v'/E 91T T96T T/00TT.LE fe@ liyed VNVL 08
1918 14 006¢ 9'/€ 19992°CT 7561 ¥020CTLE 1B.101Geq v/ VNVL 6.

SOT'T € 000€ '8¢ €ECEL'TT 1S6T €9T0TT8E dVeW seeN O711Hs34 8.
6'€SE'T € 0SSt 19998°LE L99TTCT V.67 €TT0CT.LE SweZ SIppv VNVL LL

Ev6'T T 0.5¢ S0°'.E G8'0T 086T TTT00T.E ML WYTO9 HLNOS 9L

veT'T € 0SS¢ €ELE6'LE G201 T86T €CT00T.LE awewnT NYOO HLNOS <7

TI'T T 086T 1999¢€°LE £9999°0T 067 T9000T.E ebIr WO HLNOS VL

GE0'T T 006T 1999¢°'/E €EEB90T 8961 TS000T.E [pS 8lould NVTOO HLNOS €L

020'T € 0S8T /999T°8€ S0°0T ¢l6T €8000T8¢ AP IWWVTOO HLNOS cL

AN 14 0/9¢ 6'9€ £9996°0T 1861 ¥S000T9€ feqeluz WYLOD HLNOS TL
96LY'T € ovte 1999Y°LE €0t 0861 €6000T.E sel3 WYO9O HLNOS 0L
9'0.0T 1% 0091 GG'9€ S9°0T 086T ¥€000T9E 9kq!d WYOO HLNOS 69
L'EEE'T 4 G16¢ 19999°L€ €eeeeor €561 [40)400] WA AN 3IGed INVTOO HLNOS 89

/90T 14 00L¢ €EEET6E 1999¢'TT 9S6T ¥E00TT6E l/geiny O11Hs34 19
6'€0L'T T 0291 g'9g G6°0T 0S8T T2200T9E ufeyd INVCOD HLNOS 99

[439) T 006 L999T°9¢ £9996°CT 0S8T TT00CT9€ BURBIN avH3d <9

62T € 090¢ €EEET'8E €Eeee 0T V.67 €0E00T8E UWBWPRA WYTOO HIHON 79

SYT'T 14 0291 €EE8T'LE STl €86T V.T0TT.LE Reqv'siL WYTOD HLIHON €9

LT T (0] 274 19998°LE €EE80'TT T96T TOEOTT.LE BION INVTOO HIHON 29

81S'T 1 00Le €EEBO8E €EEE60T 6,61 ¥ZT00T8E UIOM 0pung NVTOO H1H4ON 19

8re'T 1 089¢ £9990°8€ S.°0T 6/61 ¥/200T8€ ligabepd INVTOD HIMON 09
6'9vT'T 14 ocve S1'8€ £999T°0T 1S6T ¥€000T8E uekd VOO HIHMON 69
T'TS6 € ovLe EEEET'BE €EEEL0T G/61 €TT00T8E Ao BIRA INVTOO HIHON 89

LTT'T € 0T9¢ EEEEL'BE €EE8T'6 T96T €800608¢ elnins d3ONN PAS]
GOET'T 14 00G¢ EEEEQ'6E 71 9561 00TT6E a5sed O71IHS3d 99

44VIN V101 SSV10 17V JdNLIONOT 3dNLILV 31va g alrNis SWweN uoleis useg-gns  ONS

(" penunuoo) 81N 8N|g-Aeqy ul suolels erq [e2160]0I081B Al JO 1517 T XIpusddy T2

51



(""penunuoo)

L9 6 T 90-095-0€ ZT-Uer-10 dNHVN N3 Z6108
gey T T 90-08S-0¢ £6-Uer-10 VSIAHVYSVH 9/008
T8 00T T 90-0es-0¢g 10-G84-T0 VIVSSY M 97008
19T 9e T 90-095-0€ 0L-INC-T va3aavo 13 v41vH 777008
8'6 €0T T 90-085-0¢ ¥0-Uer-10 41Mva3Io 13 Z7008
20T 76 T 90-0ss-0g ET-Uer-10 LVANVYHS /€008
TL 90T T 90-0ss-08 TO-Uer-T0 NNOLAVHM €008
60T g9 T 90-093-0€ Zr-Uer-v0 NVAaNS 140d 12008
90T 99 T 90-093-0€ Ty-Uer-10 IANAHS £7008
6'GT 8¢ T 90-093-0€ 89-100-60 vdi3anH 21008
4 66 T 90-095-0€ 80-Uer-10 vavely TT008
4 86 T 90-Bny-Te 60-Uer-10 d3anvH Nav 0T008
212 9 T 90-0es-0¢g €-1dv-10 V4IVH IQVM 60008
98 1. T 90-08S-0€ 9g-Uer-10 YINIEYH 90008
8'6 29 T 90-085-0¢ Gp-Uer-10 V109NOd €0008
Busssiw o sfeak Jo 'oN sfeq@)1a alep pu3 amkp 1eis aueu uoiels aluoieis
uepns 'q

T9T'T € 0022 Gh'9e 6'6 0/6T £700609€ ofeH VHIINOM 6
16T € 008T 199T€' L€ €€€89°TT v.6T €ZT0TT.E abez VNV.L €6
L00'T T 00ZT 199T/ L€ 19990°2T 8/6T TET0Z0.E fejIA VYNVL Z6
L€2'T 14 086T €€€89°/€ 199T6°TT 086T ¥/€0TT.E eRBM VNVL 16
Z/S'T € 0TTZ GT'/€ L99TY'TT /96T €800TT.E IMeR A VNV.L 06
€26 T 0002 199T9'6€E GSTT 0861 TTZOTT6E TS O71IHs3g 68
196 € 0SYT §5°2€ 1999€°ZT 06T €/002T.E Hubss>e VNVYL 88
6€0'T € 088T SASAWES £EeE8'TT 8/6T EPTOTTLE eRWnNy WNV.L /8
926 T 0€8T €€ STAra) 2.6T T2202T.E ©l0b109 YNV.L 98
J4VIN TV1O0L SSY10 17V 3ANLIDNOT 3anLiLv 31va 4 ar NIs auweN uoeis useg-gns  ONS

(" penunuoo) 81N 8N|g-Aeqy Ul suoielS erq [e2160[04081B A JO 1517 T XIpusddy T2

52



902 ze T 90-Bny-Te ¥2-unc-T10 YSNNVEve 9€208
L6y vT T 90-095-0€ €6-Uer-10 NX Nav L€€08
gey T T 90-085-0¢ €6-Uer-10 ANVISI 1101 ¥2€08
2'es 4 T 90-0eS-0¢g €6-ter-T10  (VIMVHL1E) NVYINENANO €2€08
€82 z€ T 90-095-0¢ G/-Uer-10 30170d VHVHVS 12£08
90T 85 T 90-095-0¢ 6-Uer-10 vane 86208
67TT 66 T 90-Uer-1¢ £0-unc-0z VoV 18208
8. 10T T 90-Bny-Te 90-Uer-10 MNIY 13 08208
S6 19 T 90-095-0¢ Op-Uer-10 IVIVIVIA §/208
v 9. T 8.-INC-TE €0-Uer-T0 MOaoM 7,208
T0C Ly T 90-085-0€ 65-095-T0 NIEAN3g WAN 1/208
LT ra7 T 90-085-0¢ G9-Uer-10 JVNN3S 69208
L€T 144 T 90-INC-T€ 29-InC-10 NIZYNVd a3 25208
0'ST ey T 90-095-62 ¥9-Uer-10 YINVVYN NaVY 67208
L9 16 T 90-085-0¢ 9T-Uer-10 avHsvy G208
8'6 G6 T 90-085-0¢ ZT-Uer-10 I19NAYM 1208
62 /8 T 90-085-0¢ 0z-Uer-10 VIVAN 2208
08 6. T 90-095-0¢ 82-Uer-10 VYNIENIO 13 10208
97T 9 T 90-083-0€¢ Zi-AON-TO YaHSVH 13 00208
STT 9 T 90-095-0¢ £p-Uer-10 aiago 13 €6108
Busssiw o sfeak Jo 'ON (sfeq@)1a amep pu3 amkp 1eis aleu uoiels Al uoies

(" penunuoo) 81N 8Njg-Aeqy Ul suoielS erq [e2160[0I081B A JO 1517 T XIpusddy T2

53



(""penunuoo)

1999€°9¢ 19916'8 dued Awly IN neeyd STOPTT v-v-essapia Reqv 82
Sb'og 50’8 iqued "IN essapIq YIOVTT ¥-v-essepiq Reqv Yird
£££82°9€ '8 apsgoung "IN eueged €TOVTT ¥-v-essepiq Reqv 9z
G8'9¢ £6££0'6 aliS IN sup| ZTovTT ¥-v-essepiq Reqv sz
€9og S0'6 SIWaeN "IN RN TTOVTT ¥-vessapia Reqv 74
599 €206 a9 "IN orl OTOVTT ¥-v-essepiQ Reqv €z
59'9g £eeeg’/ aquen "IN essefin 600VTT ¥-vessapia feqv [44
L9 8L NgOA e NgBA 800YTT 7-v-essepiq Reqv 12
£€£85°9¢ S6 unng sebuy e Buyami L00VTT 7-v-essepiq Reqv 0C
199159 199T€6 SIWeN IN N 900%TT -v-essepiq Reqv 6T
509 £E£€0°6 euseqy IN euegeq GOOVTT 7-v-essepiq Reqv 8T
£6£8/°9€ £€£8.8 SIWaBN IN euwe YOOVTT 7-v-essepiq Reqv LT
£6£81°9€ 199988 SIWaBN IN IS €00VTT 7-v-essepiq Reqv 9T
19915°9¢ €EeEY'6 SlWaeN 1IN »ebuy 200VTT ¥-v-essepiq Reqv ST
199T¥°9¢ £££89°'8 ol N ©sSs1S TOOVTT ¥-vessapia Reqv 14"
€eeeL Ve GL'6 isequeeq "IN ebuos €T0STT (g)snqea Reqy €1
€eeeL Ve GL'6 isequeq "IN 1611 ZT0STT (g)snqea Reqy 41
€eeeL Ve GL'6 isequeeqd "IN eI TTOSTT (g)snqea Reqy TT
£€€8¢e°GE /99956 1109 “IN SIWOM OTOSTT (g)snqea Reqy 0T
GG'GE S'6 olpaN IN e||ig 600STT (g)snceq Reqy 6

se 56 olpsN e mp|v 800STT (g)snceq Reqy 8
199T9'v€ 0T ©esossy IN e|pquwes /00STT (g)snceq Reqy L
199T2'GE L6 IPUBIN "IN Iy2as 900STT (g)snceq Reqy 9
19999%€ 199966 ©sossy “IN eleH GOOSTT (g)snceq Reqy S
€EEEESE £E£€9'6 OlpaN “IN inihy ¥00STT (g)snceq Reqy 4
€EEE9VE GT'0T BsossY IN eyoH €00STT (g)snqea Reqy €
6'7e /9998'6 BsosSY IN snaeq Z00STT (g)snqea Reqy Z
ST'SE /99T9°0T Juod Aeqav s "N snaeq TOOSTT (g)snqea Reqy T
3ANLIONOT 3anLiLv 31IS IMVT HIAI ON NOILVIS HO1VO ans HOL1VO NIVIA ON'S
eidoiyig e

3|IN @n|g uisuoliess [ealbojopAH Jo 1s17 i Xlpuaddy ‘Z'L

54



(""penunuoo)

19999°/€ 199988 JBopno "IN olpg TOOETT € ‘N aIppIN Reqv 09
Sb'9g SZTT abpug e sepgurn S009TT (9) feqy JomoT Reqv 65
1999€°9¢ 1999T°TT einpue A IN '2g Pb|1D ¥009TT (9) feqy JomoT Reqv 85
£E£ee9e 11 (PR IN) Ived "IN sopg €009TT (9) feqy JomoT Reqv 1S
€E€86'VE €eeeT’TT Japlog uepng e Reqqy 2009TT (9) Aeqy Jomo Reqv 95
GT'Ge 59°0T aljobeys ®. feqqv TO09TT (9) Aeqy lomo Reqv G5
19998'9¢ 19992TT e|lbueq e uBwy T20TTT Teue] oxe Reqv S
1999T°/€ L99TY'TT IMeBIA e peseg 020TTT Teuel axe feqvy €5
vl€ £EE8y'TT feQ Jiyeq IN euezs 6TOTTT Teuel axe Reqv I4S
19919°/€ €eeeeeT zuelju| IN oufes 8TOTTT Teuel axe Reqv 15
1999/°/€ €EEE9TT eAS0RO QIV IN epofe- LTOTTT Teuel axe Reqv 0S
gg'/€ £ee8eCT HubBssxe A "IN oRWeD 9TOTTT Teuel axe Reqy 6
ST'8e 81T reses "IN qard STOTTT Teuel axe feqv 8y
€€£€9°/E LTT auwessaquly IN eppo ¥TIOTTT Teue] oxe Reqv Ly
£€£80'8¢ £EEE8TT Jlogel IN [nz €TOTTT Teue] oxe Reqv ot
€€£8.°/€ 199TT°CT usWieZ SIppv X IuBUS ZT0TTT Teue] axe Reqv Sp
L€ 61T eue] axe eue] axe TTOTTT Teue] aXe Reqv a4
€ee8y’LE £6£€9CT 10puos "IN geibuy 0TOTTT Teue] axe Reqy (5
€€£86°'LE 502t peoy Jogel "Q uo qary seddn 600TTT Teue] axe Reqv v
19992°/€ 61T eue] axeT . Uesels ded 800TTT Teue] axe feqv v
St'/€ £ee8y et 073zV "IN yoeba N L00TTT Teuel axe Reqv ov
£££€9°/€ €eee8TT feq Jiyeq “IN eoWN 900TTT Teuel axe Reqv 6
199T2°/€ zT uswZ SIPPY "IN qard S00TTT Teuel axe Reqv 8
€€ geeeeeT elohioo e eue] axe ¥00TTT Teuel axe feqvy L€
S0°/€ 1999€TT IMeRBIN e ebo €00TTT Teuel axe Reqv 9
€E£E0°LE 1999€TT IMere N "IN 'V b9 Z00TTT Teue] oXe Reqv Ge
£€£82°9¢ 91T Qg lieg e eue] axe TOOTTT Teue] axe Reqv e
€6€80'9¢€ S0CT IPUSIN NQY "IN Bpuig TOOLTT (L) ®puia Reqv €€
£€£85°9¢ g8'L 0refy UN eswe L 6TOVTT 7-vessepiq Reqv 14>
19915°9¢€ 199T€6 SIWdeN IN N 8TOVTT 7-v-essepiq Reqv 1€
19999'9€ 7'6 elsnpu| 0By e oreH LTOVTT 7-v-essepiq Reqv o€
9'9¢g 1999€'6 elisnpu| 0iby e oo 9TOVTT -vessepiq feqv 62
3ANLIONOT 3anLilv EIS IMVT HIA ON NOILVIS HO1VO ans HO1VO NIVIA ON'S

(" panunuod) 8|IN AN|g Ul suoels [ealbojolpAH Jo 1s17 2 Xipuaddy 'L

55



(""penunuoo)

19998°9¢ 1T aWepIy SIPPY IN uiysend €E0ETT € 'NoIppIN Reqy z6
50'8 199906 Iyoui IN sa0ed ZE0ETT € ‘N alppIN Reqy 16
€€£88°/E S6'8 oquiy IN &n|nH TEOETT € ‘N aIPPIN Reqv 06
1999/°/€ 70T SOy N 8J0ed IN '8y Jeddn 0€0€ETT € ‘N 3IPPIN Reqv 68
199T5°9¢€ S6°0T PRI "IN Apiy 620€TT € ‘N 3IPPIN Reqv 88
199T5°9€ €€€€6°0T PRI IN lopuog 820€TT € ‘N aIppIN Reqv /8
€€£8TLE €EEEL6 oqueys “IN newy /20ETT € ‘N alppPIN Reqy 98
ST'l€ GL'6 ogqureys "IN IysSN 920€TT € 'NoIppIN Reqv S8
19999°/€ /9998°6 |JuoD Jepno 's°a Reqqy GZOETT € "N 3[ppIN Reqy 8
19999°/€ G8'6 juoD Aeqqy e Jspno ¥2ZOETT € "N 3[ppIN Reqy €8
£EE8Y°9e £€€86°0T PRI IN eing €20€TT € 'NaIppIN Reqv Z8
199T€°/€ /9999°0T Wefes 810Ul "IN wiwe Z20ETT € "N 3[ppIN Reqy 18
199TY'L€ €E€€£9°0T ebir IN waLoR M T20ETT € "N aIppIA Reqv 08
1999T°/€ L0T aing "IN e|iyooea 020€ETT € ‘N alppIN Reqv 6L
199T0°2€ G8°0T all|iLe weyed 6TOSTT € ‘N 3lppPIN Reqv 8L
199TT°/€ L0T aing "IN eeps 8TOETT € ‘N alppIN Reqy Ll
19992°1€ £€£89°0T Weps ajould "IN ue LTOETT € ‘N aIPPIN Reqv 9L
STAYL €€€89°0T Wefes 810Ul "IN eely 9TOETT € ‘N alppIN Reqv Sl
€eeee/e 19999°0T ebir IN ezo GTOSTT € ‘N alppIN Reqv vl
G/€ €EEES 0T eyosquied "IN eyowe | ¥TOETT € "N 3[ppIN Reqy €L
€eese’ /e G9°0T ebir IN g €TOETT € 'NoIppIN Reqy zL
g/€ G5°0T eyoaqueq B e|pno ZTOETT € "N 3[ppIN Reqy 1.
1999G°/€ 70T NN ewy IN geper TTOETT € 'NoIppIN Reqy 0L
19919°/€ /999€°0T SoX.e A 8ioed “IN yosNy OTOETT € "N 3[ppIN Reqy 69
19999°/€ Ge0T sode N 8iged IN 1eia 600ETT € 'NalppIN Reqy 89
€eeel’le €0T SOy e\ 8i0ed “IN ebfowsyd 800ETT € 'NaIPPIN Reqv 19
€ee8e/E G5'6 oqueys “IN eeyoul L00ETT € ‘N alppIN Reqy 99
SLl€ €€£€6'8 Jopno e supu| 900€TT € ‘N alppIN Reqv 59
SLl€ S6'8 Jopno e lspng SO0ETT € ‘N aIPPIN Reqv 9
€eeel’le G8'8 Bpn9 "IN BIPN Y00ETT € ‘NalppIN Reqv €9
SLl€ G8'8 B8png N g9 €00ETT € ‘NalppIN Reqy 29
199T2°/€ 19998'8 JBpn9 "IN oed Z00ETT € "N 3[ppIN Reqy 19
3ANLIONOT 3anLiLv 31IS IMVT YA ON NOILVIS HO1VO dns HOL1VO NIVIA ON'S

(" panunuod) 8|IN AN|g Ul suolels [ealbojolpAH Jo 1s17 2 Xipueddy 'L

56



(""penunuoo)

GZ'6€ €eesy'TT eus] Pl "IN o[|lyseg 9202TT (Z)slIN leddn Reqv 8zT
'8¢ 8'6 eydeIng eigeo rInfeqie S202TT (Z)8lIN leddn Reqv 12T
199T¥'6€ 90T n|RBM alpwny ¥202TT (Z)8lIN leddn Reqv 9zt
€EEEY'6E €€€85°0T n|RBM ®© ejobor €2021T (Z)8|IN leddn Reqv gzt
GE'6E €6€€L°0T agey IN BRUBN 220211 (Z)8lIN leddn Reqv vZ1
199T¥'6€ GL°0T a0eM "IN IBpS 1202TT (Z)8lIN leddn Reqv €zt
GZ'6E /99T 0T ojoBeQ "IN rINfoIgeD 02021T (Z)8lIN leddn Reqv zer
/99708 ££€88°0T UIop 8puUNS "IN TepBi 6T0CTT (z)slIN leddn Reqv 12T
/99T0°8€E /9996°0T B0 IN 1enzy 8T0ZTT (Z)slIN leddn Reqv (0745
GT'8E /999T°0T uskq IN ebny LT02TT (Z)slIN leddn Reqv 61T
gle SZ'TT BIPY "IN BuIyS 9T0ZTT (Z)slIN leddn Reqv 81T
1999/°8¢€ GZ'6 eyD 'poy 's'N egoy GTOZTT (Z)slIN leddn Reqv L1
G1'8¢ €€EET6 oyoueyd "IN nlaIs ¥T02TT (Z)slIN leddn Reqv 91T
/99T/'8€ 19992'6 oydaueyd “IN egaueQ €T02TT (Z)8lIN leddn Reqv GTT
€6€89'8¢€ GE'6 oyoueyD “IN np|v Z102TT (Z)8lIN leddn Reqv an
1999G°6€ G2'0T epoIN [BUSIN "IN Aus TTOZTT (Z)8lIN leddn Reqv €17
1999%'6€ €€EE5'6 eyIeyo e eyseyD 0TO0ZTT (Z)8lIN leddn Reqv z1T
€€€89'6€ €ee€20T epoIN [BUBIN "IN BZIN 6002TT (Z)8lIN leddn Reqv 11T
/9995'6€ G201 'uuss Aeyss] IN Aus 8002TT (Z)slIN leddn Reqv 0TT
/99TS'6€ 19999'6 SO e\ 8iged IN essoeg /002TT (Z)slIN leddn Reqv 60T
/9999°8¢€ /9990°0T ofesu| IN ewiwee 9002TT (Z)slIN leddn Reqv 80T
/999€°8€ 10T IO e euwiwep G00ZTT (Z)slIN leddn Reqv 10T
€eesy’/e STT fe@ liyeqd IN essepuy ¥002TT (Z)slIN Jleddn Reqv 90T
v'.€ 9TT @ liyeg e Reqqy €002TT (Z)slIN leddn Reqv S0T
€6€E.'8E €6 oyau_YD "IN Bybniy 2002TT (Z)8lIN leddn Reqv 0T
€ee81'8¢E 19990°TT 81553 "IN Reqqy TOOZTT (Z)8lIN leddn Reqv €0T
€E€E'9E 9¢1 ewaRI IN peuey TOOSTT (8) peyed Reqv 20T
1999/°/€ /99T0'6 opn9 IN sied LEO0ETT € ‘N alppPIN Reqy 16
SLl€ €€£E6'8 opno e supu| 8E0ETT € ‘N 3lppPIN Reqy 96
199T0°2€ €ee8'0T pageEeD * weye Jomo 9€0ETT € ‘N 3IPPIN Reqy S6
1999/°9¢ 19999°0T UMO] BeuszY "IN oAy GEOETT € "N aIppIIA Reqv 6
1'9€ /99T0°TT efewep!y IN S31yonq YE0ETT € "N aIppIIA Reqv €6
3ANLIONOT 3aniilvi EIS IMVT HIA ON NOILVIS HO1VO dns HO1VO NIVIA ON'S

(" panunuod) 8|IN AN|g Ul suoels [ealbojolpAH Jo 1s17 2 Xipuaddy 'L

57



€65 966 0 v8Y'8LY a4 1002 9961 STl GZ'9g ZT0T00T No1RY [T PR
9'9GT 6GE 0 GES'0LY ra’ 1002 996T 8071 009 ZT0000T Ingnyy
91 €6T 4% 6T'GLE Z0T 1002 906T 556 19TE 260008 exern
L'0g vE6 € Z18Y ov 1002 2961 €TTT 86'1€ 210006 we1pp3
§'89T 26 0 89TV /€ 1002 T/6T ZeeT 0T've ZE0T06 Semio
TS 8T 0 S0zy /€ 1002 T/6T Ov'ET 29ve 20206 erMeH
8'ZST 556 0 €9¢ 0T 1002 06T 09°ST z5°2e ZST006 wnoey
LYT 8v8 TV €/°85¢ 96 1002 Z16T /6°ST G9°Ze ZT000TT Teluewe]|
2961 016 0T 62°Z€EE g8 1002 €261 G9°/T S9'vE Zr000TT QeuesseH
8'T9T 960T Se €0°2T2 81T 1002 068T LT6T €50 Z6000TT ejobuoQ
as XeN Uit olezefnes  smesA Jo ON sk pu3 akeq 1els 'l uo7  dleuoieNdH auWeN uoleis
uepns (e

/9990°8€ /99T9°TT Ress| “IN U 0v0ZTT (Z)slIN leddn Reqv rad
€EEC0'8E /99T9°TT Rers| “IN eusyD 6€02TT (Z)8lIN leddn Reqv T
/99T8'/€ G2'0T By IN BpaA 8€02TT (Z)slIN leddn Reqv ovT

6'/€ €EEEO'TT BION "IN alpes LE02TT (Z)slIN leddn Reqv 6eT

19995°/€ €eesy'TT ReqqysiL "IN PPUBS N 9€02TT (Z)slIN leddn Reqv 8eT
19916°8€ 1999/°0T eualiog "IN BRPM GEOZTT (Z)8lIN leddn Reqv LET

6'8¢ 19916'6 w7 "IN ewiwep ¥€02TT (z)8lIN leddn Reqv 9eT

€6€8.'8¢€ 1999/°0T wees aueXe N "IN rI0D 897 €€02TT (Z)8lIN leddn Reqv GeT
€6€8.'8€ GL0T weps aueXe N IN epalog 2e021T (Z)8lIN leddn Reqv YET
€ee81'8¢E /99T#°0T eusyolg [N eyns TE0ZTT (Z)8lIN leddn Reqv eer
£€£86°LE 199T#°0T BION N aweL 0€0ZTT (Z)8lIN leddn Reqv ZeT

6¢ GL'6 Iwe7 IN oswnBigoy 6202TT (Z)slIN leddn Reqv 1€T

6€ €€EE9'6 ainLeinin IN epir 160y 8202TT (Z)slIN leddn Reqv 0€T

G6°8€ S9'6 ainLe)nin N mp|v /202TT (Z)slIN leddn Reqv 62T
3ANLIONOT 3aNLILY] EINS IMVT "3 ON NOILVIS HOL1VvD 4ans HOLVD NIVIA ON'S

(" panunuod) 8|IN AN|g Ul suolels [ealbojolpAH Jo 1s17 2 Xipueddy 'L

58



18

14

10.-

59




("penunuod)

(Juyosfoud

/abueyo abuew o
Jez:027edsad Mmmw//:dny)
V330 wouy Ajqissod

BRM Jo Asiuin
1dAB3 ‘Je1ua)) 15239104
8|IN wouy Ajgissod

A1sienlun aqoy
‘90UB19S JO UOoWOId
ays Joy A11003 Ueder

(266T-8.8T)

Binoeidoyig ‘e Jiyeq euel sxe]

e Reqy 8yl Jo mojjwealis ‘Alipiuuny anle el
‘sainfeladwal ‘|ejuel SAIR NWIND AYIUO A
(4op.og asauepng,ueidoiyig

e 9|IN an|g JO B IN0-SIUBWINSEaL

Jouns wieq ‘ydeoidde uoirew nse

[ljure. [ejoads 1) 8yl Ag patew nse Ajeniul
(uoreydioaud e ueaw) dVIN POALIBP-S 1D
1X] U patels 8}ISgem

‘@AYol erq uoiendiseld pue ainkeledws |
11V [eqo[D) afemepq 4o ANSIAIUN WOy
1122 pub 1oy uoirerdioa.d pue aineedwsl
AYiuow Ueaw ‘uepns ‘s80inosay JorM

pue uolreblil| Jo ALSIUIA 8yl WoJ) paueiqo
‘G86T-086T WO} Uepns ul uolfels wiea 3
WwoJjerep MO} PAAISSTO ‘Sioyire ayl Aq
pedopnep 8seqerp S|9-9r.w-0IpAH,

A4S HA/A

(4iompu eInBU
[e1ne) ppow NNV
U} Uo paseq jjounl-|ejurey

SWwieIsAs Jonll abre|

10} ppow Bunnos younu
3} U}IM UOJeUIguIod

ul ‘pub sa.fep 50

Uo PO adUeeq JoTeM
ByR -9} eMyUIOY |
eidoiyig

'soxe ] foleA 1 dup Ul
pasn pue Mayde My

abueyo arewp 01 eidoiylg
"eue] 9xe Jo S90Inosal
J_EeM Jo Alljigqesu N

Apris 8se0 1eWwyoRD 8|IN
an|ge :anbiuyodsl syiompu
feinsu eriie busn
Bui|ppow youni-|ejurey

uisegs|IN

an|g Jeddn ay} Jo} ppow
Bunnoi mo|) pue uoireush
yjounu paseq-pub v

(vd330)
eolyv Ul Aoljod
puUe SoIWwouod3
[eluswiuoInug

900¢ lojanued 8yl

‘NN weY

1 ‘nnoisseq

900¢ CVCN ey
"1 'eleH

900¢ -V BIUSIN

Aq padoprep
AluibLio jppow 9|INan|g
uoirewioul VMO IN 3Y) Uo paseq Jaddn ay1 wouy sppow ‘g 'S ‘Meydenmy
uiseq paseq S| YlIm pauiguiod erep a|dioulid Bununooge Jlounu-|[ejurel [en1daduU0d 'S ‘sabo N
sioye wou4 8(qissod rea1BojoipAy pue eaifojorew o AlYIUON BEMmayisesn paseq Jowue.fed om| 9002 Q@ ‘unyessaL
NISVYd 31IN INT19/AvVEY 3HL 404 STAAON
(uonmnsut s Joyre
‘s32.4nos Bulpuny) [epow Jo

éalqe|ere PpoN

SadJInoserd

uonduossp Joug

anIL

akd sloyiny

9[IN puea|INan|g JoJSPPo A € Xlpueddy g2

60



("penunuod)

eLeAul
Ayigede) BuipjoH e [10S
‘Uewiuad Jo a1remyiuioy |

Aq pere|noeod 13d ‘spub 1dAB3 u1S80IN0Sal JBTEM

N (ee6T sdijiyd pue 1SINH ‘686T aNUW OT ‘SPAN 1Zaquez uo uiseg a|IN ay} ut abueyo
‘e1lfuy 183 Jo AisileAluN yueq o) (L66T-TS6T) wed [ % younl pue uozewy jo e 1 aeW! |0 8ininy pue Alljice Len "IN W nH
‘HUN Yo1easay o1rew!|D ‘8/6T-9G6T ‘SMO[JINOBLIOIDIASMET  ALWSOIOA JO Ty 01 e |IWiS alew!|d josigedwiay L 9667 '@ “femuo)
(Jrejurey penuue Jo uosiredwod pue
aouesIp Aq pa1ybem) spaysietem 0} Jseau sabneb
wioJ} |fejurey peuselem Bulutews. ‘Spauseiem (686T) UayZUNYD
AsieAun Jaybn |y pue ebowsyo ui ssbneb |rejurey pue 8xeeyds (£/6T) So0|
egeq v SIppy ‘eoueld {(S86T) Uleys pue ‘(2/6T) nysewes ‘(¥96T) Ag pue usxeg Jop ueA uo eidoyig ul uiseq JoAly "ad 'smn)d
‘uoub Iy Jo AusieAun d9SN Jo Arewiwns woly pojussaid sa(gereled  paseq adlefeq kM RUSD 3lIN an|g Jo souefeq-LEM 66T 'V d ‘uosuyor
|INIsU| eBWUOIIAUT  (@HemuyuIoy | ‘Bpniibuoy ‘spniie| pue uoiers
W oyo0is Aq papuny ‘apn}ibuo| ‘spniie| (UoiEAd R D} eMUIUIoY L
SS9yl Qud Slewss *elep a|ce| A JO SUOIeUIquIod Jnoy) yoeo.dde
44 o JusWwianoidwil Uewuad Aq paloipald 34 pue ‘sabneb wo.y Bulppow [ea1bojoipAy
‘sanfeA Jepwered |eiurey ‘uoiealignd Qw4 woljaineledwsl aess-abre| ayl ylm eidoiyg
paINQ LIS IP :pasSNasIp pue |ejuley ‘S| dXe| pue MO} 19|IN0 euel PaU IqUIOD 8dUe ] JoTeM urs|INanig seddn sy
fppow Jo fenuslod 9 (Uepns Ul Jjouns wigg [3 pue salesoy BUR N d)emyuIoy | Jo jppow doueeq JoleM v /66T ' ‘Remuo)

"H ‘niewexeue]
J10AJ9S31 Jesul| a|dn|nwi v 'epel

61

Asleniun aqo pue feaul|-uou ‘xeaul| MY ‘Ipeyepay
120UB 103 JO Lo KOWo.d L66T—966T pue £T6T-ZT6T Skeak ay a|Buss ‘swylioBbfe mojjno BAY 3|IN &n|g 8y} ‘1 eRH
ays Joy A100S ueder 10}3|IN 8n|g 8y} Jo Mo} SAep-OT, U N —abe.ols s YIP SIY L josisAfeue Mo |} UOISSa0Y 7002 "V eIUsIN
(uonmusuts Joyire
‘s90.nos Bulpuny) [epow Jo
éaIqe|rene pPON ssoincs ereq uonduossp Jeug apIL arqg sloyny
(" panunUod) 31N pUe B|IN dn|g J0j SPPOIN € Xipuaddy €',



("penunuod)

Y66T-796T SMeah 10} SisAjeue uoie .ol

Buisn pepuelxe W@ 3 T 8|INaNn|g Woiy  SMOJ) JoAR] 3]IN Y1IM A|resul| Buioio) omew AR R-Te)E0)
erq 1dAB3 1o S90IN0SaY JBTR/ PUe SHIOM pamee.J02 uoieydioaid Buisn smo|} JoAId 9|IN 3yl QT 'seres
opeJojoD Jo AlsleAluN 21jgnd Jo ANSIUI|A 8Y) WoJJeIRp MO|JUesS  pue sainfeledwa] 8JeLins eas Jo Bunsess.o) abuey-Guo €002 MV Mep
(11us wnep—juesaid 01 0G6T WO}
pue Apusniwisiul TZET MO[JIN0 pue spns|
ae[) MOJIN0 pue ‘S| | ‘(UB1014909
Jouny ylim parewiiiss pue ¢e6T-6S6T Pue uoleLeA eidoiyyg ‘usseg a|INan|g ‘NN
‘€E6T-8Z6T ‘9Z6T-TZ6T Poinsesw) Mojjul [pre| 9¥e| Jo UolreNWis ‘|fejures uisuorenIon|y 1 ‘nyshews|v
JoAl ‘(feq JIyed ‘Z66T-096T) Uoiredioaid  :deisawn Ajyiuow e reeuve| 01 A1IAnsues s pue eue ] CACInel)
‘ApwAyreg Bouefeq Joem Jo sjusuodwo)  axeT Jo 186png JeTem enuuy aYe Jo adueeq B’ 9002 'S ‘apage
Bunno o1reWwsaUIY
pue sso| Jorempunolb pue
uoonpoud Jjouns adens-gqns
pue jepow Bununodde Brem
J10s = Bulppow [ealbojoipAy
‘sofiew| pafeujul pue sefew! 1 vYSO31IN
3|qIsIA 1YSOI LI Apnoy-g Busn uoiBa. a|IN an|g "WV 'sluos L
(SAN) weisfs ynm (dvN) uonendioe.d 8y} urasuodsau 2160 [0IpAY "V O ‘Ueny
152091048|IN ‘YO ‘BI8D uiseq uipIm lomeu abneb luseg el Ues | Ajrep dopnsp o1 pUe UOITeWSe [[ejurel [eafe ‘d™ ‘soxexeblos
Uo1eas9y 2160101pAH 8lINan|g Joj Alefew | pasesju| pue a|gsiA - sisAjeue Aouenbauy fesoads-1g ueaw uo Apnis A11jiqises) v 666T “a'sppinusy
Mo1uUl Bulppow 15839104 ‘pazhreue
pauO UBW 3INTeJa1 | UIYlIM eIep JO UOITRd0 T sanpIpoLied pue spusil pue
"(z86T-128T) Uensy e abreyosip enuue 1ol Alosiy ybnoiq “(spooyy pue
-(z86T-2T6T) Weq vensy e Addns nesre|d [Jurel ueidoiyig) ainreu
axe| feriorenb3 ‘eleqyy pue ‘peyey ‘lepulq dlpoLiad e Jo salies awn
'siiesoy e a|INanig ‘grlod B||1H e egos ay} Jo asnedaq a1 ido.dde
‘nesfe|d Ueidoyig sbreyosip [e1o1 Ajres A 1S0W pawssp jepow
‘(¥86T-L06T) €CRqQ Y SIPPY 104 |[juUrRl NUUe afessne Buinow psreibeiul S|ejutes veidoyg ‘WNS ‘PRl
1dAB3 10l ‘(sreah Geg) /GrT-G29 (Wnwiuiw anlssalfel-ole :anbluyseyl  pue spoo|ia|IN Bulisedsloy 1oy “H "Z ‘Inoysy
'ez19 ‘AisBAIUN 01D ‘winwiIxew) Spoo|} 8|IN [UOSEsS JOS[pre] (926T) supjuer pue xog  3|ceIdope S[ePOLU SaLiss Bl | v66T O N “Apued-3
(uonmusuts Joyire
‘s2.1nos Bulpuny) [epow Jo
éalce|ere ppoN Se0INos eleq uondiossp Joug apIL arqa sloyiny
(" panunuUod) 3[IN pUe B|IN dN|g J0j SPPOIN € Xipuaddy €',

62



(""penunuoo)

Spue|eyeN
ay1 ‘AissieAlun YA

3[eJs ;W T e U0 JOMO|
10 95/ T JO S1uaMS Aep a|buis JO JoLie Ue aney

01 'eUIYD-(3413H) Wew edx3 pRiH useq JeAll
ayH pue BBIN-(X3d YH) uswiedx3 10]1d
dlBYdsowly 2160(0pAH ‘Ureds-(va343) ealv
peUSIEaI)-UoTed 1 iiesad e Ul Juswi Liadx3 pRid
TVAIHOI Wodjerep Yiim paisal Solew iso
uonreiodens A|rep peseq-1va3s (666T) S)ied
PpUe 9}4110INS UO paseq elep U sed-gns 1qos

sanbiuyaal

safiel Y4HAV-VVYON Busues ajowe. Ag paipnis
wioJ} aJeuns pue|ayl e 3|IN Joddn ayy Jo sdurems ‘9 "H 'H ‘eluenes
sjuauodLod aoue eq AbJeus ay1 ul abelo3s ainisiow pue SNTO M UssSUee ISeg
dALBP 0} WylloBe vg3s  uofeloders Jo Alljicelren jeleds ¥00C VA ‘poweyoiN

NISVE 37IN IHL 404 S13A0ON

(ewnredeg abfeyosip oL Ipas
[o1uoD a|IN UendAB3 sy WwoJj paurelqo) papuadsns pue xapu| '3°S Yws
¥86T-T86T 10 4800100 pue Jequeldss ‘snfny  uoieRloA [eqo(D 8yl usamisg  8|IN 8n|d 8y Joj Sjppow pRIA “M " ‘piojpag
Joyire ay) wo.4 1o} abreyasip Jerem ay) Jo sanfen uesw Aep uaL uaXe] uoissalbal feaul -lusWI PSS paseq elep a1l|pleS 6861 "IN O ‘essnoN
SJOALI S211850
pue Jeuuss sy Yiog ul
wnoueyy pue peyey ‘Jepuid  sapnsed SS Jo uoiisodap ou 857202 3|IN an|g
‘Jeuuss e ableyasip Joem JO SUOIRAISSO 09 puUe JALI Ul UO12.13U80u0d ay1 Buore suoireis pabebun
oJe ‘98|00 2SBT-6E6T 3IIN JO (SS) wewipas papuadsns 1o} ppow ppIA-juswIpas
eaysal Aelin sabreyasiqg ‘wewiedaq |0uo) a|IN uendAbg Ul UoIe L/eA OU SBWINSS Y uorssalbal eaibojoIpAH T66T ‘IN 'O "essnoN
(uonmusuis Joyre
‘s90.4nos Bulpuny) [ppow Jo
IR rene po N seoncs ereqd uonduossp Joug aL arqg sioyiny

(" panunUod) 3IN pUe 8|IN dn|g J0oj SPPOIN € XIpuaddy €',

63



("penunuod)

pousad 1oys Jojsajijoud

puiIm pue ‘anisiow |10s ‘ineledwe) adeyins
|10s ‘anesedwal ‘uoieipes ‘9inssald duBWOoeq
JO sjusw.INsesW 'sall|eres V' YON U0 HHHAY

000z elzuaby ‘[1ounoD
UoJessoy [euoleN
‘Aousb v a0eds uel el

abreyosip AL pue ‘| x| ‘| ejutel
‘uoireinp aulysuns ‘Alipiwuny Jre ‘aineledwel
abesene Ajyauow :(Uomels Aemiz)

eIRep [22160[0J0918WOIPAY JO Sieak ALy

Asleniun
egeqyv sippy pue
HNN/SHUND-IO3H30

"0p ‘aineledwse) uoieipel
painseaw 0} aintesedwe)
aJe}Ins pue| pasuss

Ap1owsl Jo uosiredwod
‘pub wy| T ‘dels swn anuiw
0€ ‘wupLobe ok i sse
[eUO T2 1A B [20S- 11NN

uos Liedwod 1o} aduefeq
BERM {(3740) uoieioders
& diysuoiepy

Arejuawis [dwoD pue ‘vewluad
‘ABious ae| ;13 aulweep
01 sayJeoJdde 21w 394y L

fo1fen 11 veidoiyig ul
Apnis aseo e :fususs a10wiel

UM uorelidsue.iodens uo 4 ‘lulede)d
S1094J9 49N0D pue| Burew sy 9002 d'ing
"1 ‘BuRyD

CA IRl

(eidonp3 ‘4 ‘ssse

‘Remiz e 1) edL1yy feoidos Q ‘assefie]

U1 SAJeW 1S3 Lo 1eodens e T00Z "D ‘quio|noD-18|[eA

NISVE 37IN N1 d311ddV 1ON LN ST3AON d31v13d

(Sd9) weisAs Buluonisod

[eQO|9 W0} SalsLvIgereyd [eaibojoydiow pue
reo1yde.60ab ((S9SN) fening [ea16oj0e9 oIS
pe1uN pue 198 01d eweBeue |\ [eIUSLILO.IAUT
BLODIASMET WOl eRkp [eleds [Weees S8 g

wielsAs swebeuew
pays.erem Jo ubssp
[en1deouod pue ‘eseqelep
-096 eweleuewl payserM
parelfeiul Ue Jo uoniuep
'SpeyseleM B LIOIDIA 8%

10} Aiojuanul Ajifenb Jerem
‘uo1TeW NS PR IA JUBLIPSS 10}
JUSLLISSISSE |pPpoW ‘uoirebiiw
pue Buiddew prezey

poo|} o} pssn sem 1 VWS

$91JUNn0d uised a|IN ay1 ul
Buippow payserem pased-s |19

Jo AysIeAIUN W} 1eselep s Ipss Aep-Usnes ‘(eivezue] ) uiseg oAl :(Ng2aN) >lompeN
'suopels Buibnel g 104 P18 (00 BIRP MO LAY NAIWIS JO PPOW JUBWIPSS Buip|ing AoedeD useg a|IN S002 34-NgOaN
(uonmnsut s Joyire
‘s0.4nos Bulpuny) [epow Jo
e rene Bpo N seouncs ered uonduossp Joug aL akq sloyiny

(" panunuod) 31N pUe B|IN dn|g J0oj SPPOIN € Xipuaddy €',

64



(""penunuoo)

UosIpe |\ ‘UISuodsIM

Jo AlIsIBAIUN ‘SaIpnIS
[eIUSWIUOIIAUT JO} 3INIISU |
‘Welbfo.d JuawuolInug

(SuoIreAJBsSqO JUSpUBTBPUI pUE GOJO L3 Uo paseq

s1yoiym) (S66T HOTLTD) ‘P11 ABojouyos L
uonreio(dx3 eosAydoss wouy (S66T) SNIA
Tva019 (2 pue (SOdO.L3 1npoid vVYON
feulb 1o a3 Uo paseq 1 ydIyMm) Jejued ereq
reasAydos

feuoleN ‘(VVYON) Uoifensiuiwpy dLaydsowly
pue 21Uesd0 [RUOIRN By} WOy esegueli’] (T
'SINQ feqo|6 (1orenbs ayi e W OT WX OT2)
UOIIN|0SBJ6G X BG OM] WO POALIBP S| MJoMBU
2160]04pAY ‘suoieAiesgo Jo Indino NDO

wiol} Jey1le uoireiodens pue ‘uoirelidioaid

(®IIN pue
OUBIMET 'IS) SWRISAS JBALI
abfe| pue eI}y pue ey

‘adoun3 ‘seoliBW Y 10} apniie|

G X apnyibuo| .G uonn|osal
[elleds Uo M| JoTem adeins
u1 sabueyd pue abreyssip
JOALI feuosess oW S
(YHaAH) wyiobe

INOD ollBydsoLure
ue Jo Ageinade ay) Bunsel

B[e3S [eIUBUNUOD 3y} Te SWRISAS

pue ‘a|doad ‘ereWwID ‘Jj0un. Jo sefiesone ueaw Ajyiuow Jo Ajep Bunnol [eaibojoipAy eqo|D  [e21B00IpAY [elIselse] Bulippo N 0002 LN 90D
sweaJss ol pue
SauojoAd iU JO sapn}ie| pue
(86T UesseH) s1eoN waipelb aineledwa) uisn
e e pro] 3R] JO MO|1oN0 ‘ppow duwis) paisn[pe pue jprs| feuoifiel
wol} paressush sierempesy a|IN 81U pue an|g 01 pa[eJs Uayl semsiy L
10 |fejutes Ayluow ‘seuojpfonue eaidongns ‘(@oueIpRLl fR|0S) PPPOW
(usuoIsIAN S91RIPUI X31I0A JO 9pe ‘apniife| Jo Uoie|NORD  aJnkesadwel dleydsiway uay) BISY pue eIl Y
J0 AisloAlun) Salpnis 01 pa| (@ouelpe.ll xejos Buisn ppow aineledwel  ‘1s11) padopnep (199)0 opage 10} uoosuow ay) Jo sppowl ‘N o ‘uosAig
[EIUBLLUOIAUS O 8INiIsU| olBYdsIWaY) s Ipeld aineleduwe) [eoLoISIH 901) jppow [e1oe|f eqo|D uonn|osal-ybiy o110eds-B1IS 0002 "V o ‘uoshug
(RisleAuN egeq v SIpPY) Uolelpel fejos A|rep
‘uo IR NUSBHIP JOA0D pLe| pUe Suiseq Bulreaulep
10 sweiboid S19 ‘SIMTI pue MSIADIY eldoiyi3
wioly NYH (s901n0say BT JO ANSIUTA WO [eJ1UaD ymnos Apnis aseo
AslAUN  abreyssip pue aoiAkeS [eoIBojoloee A Uteidoiylg  (1lun asuodsay [eoibojoipAH)  eouy eoaidol] ulsabueyd asn 4 ‘assen)
eqeqy sippy pue woJy |fejues) eep abeyosip 1sutefie paeid!es NYH yum ppow }jo pue| pue areu o 01 Juswiyored 0 ‘quionoD-BleA
HNNSYND-I93H3D pue efep Bunsixe wouy S66T-G86T J0jeled@  uni uoieldaid peinquisia © Jo asuodsall [ea16ojoIpAH €002 'Q 'essaf0
(uonmusuis Joywre
‘s90.4nos Bulpuny) [ppow Jo
éalce|ere ppoN Se0Inos eleq uonduosep Joug apIL arqg sloyiny

(" panuNUod) 31N pUe B|IN dn|g J0oj SPPOIN € Xipuaddy €',

65



(""penunuoo)

ainalle dns

8[ewIoN 81093 ‘(TIsd|
pue SYND) anbiweukq
2160|0100 19 N 3P
aJl0Joge T pUe S90Ud 1S
099 Jo JuawredaQg

pUe ‘v *eluio}ifed

jo Aysienun ‘sosAud
Arepue|d pue soisAydoas
JO3IMIISU| pUe S90UB10S

SU0J109 9 D1ISIAIRR R JO SUOITeAJSSTO
all|pes pue ‘(JOS) Xopu| uoe||19s0
UJBLINOS 8} “BAIY 3|IN 8} JO SPJ0da.
JREM-Po0|} ‘9inteledus) adeIns-ess [eqo|b

Bul|1) deb anieso]l :pIodal
arLeANNW 10§ (VSS-IN)
VSS puleyd-ijinw pue
(pJo2a1 8RIIRAIUN) SIESETRP

Sles efep

21Ue320 pUe 2liByds $215Ayd aJeds pue ‘saous1os Jleydsowre ulsdeb Bul|iy 1o} (VSS) easAydoab uisuiod Buissiw N IYD
owy Jo wawiedsqg ‘ABooJpAY ‘AydesBoueado wouy seserq SisAfeuy wnioeds e nbuis Jo Buij|1y esodwisr-oireds 9002 @ ‘Aoyselpuod]
eluezue] Sisa] sa|liuenb mMo|} MO| T Y ‘opoBu
‘Weees 9 fe@ J0 A1ls  UoiRNWIS 01D BIUON pue (TEET-TZET) UOIRIS  97RWIISS 0} [BPOW Lo e 1S9 so|huenb Moy mo| Jo "M Y ‘oodyde
JOAIUN ‘S90IN0S9Y oI/ weQ [J Wwoljemep Moj} MO| WNWIUIW enuuy jpusey olPWeRdUON  UOITRWISS jpuiey dLBWeeduoN 966T 7S ‘ono

uo1d9| (0 efep (Avpiwuny

[In4 Jo4 (used 3|IN 8n|g) egeqV SIpPY pue ANl I pUe ‘uoleipel

(useg soxe] [eliorenb3) s 1Y PUR YO LB ‘ainfesedwa) ‘uoieyidioe.d

wo.) sabreb {(S|HGN) WelsAS uoirewlolu| = paresouab sa|celien

‘UYoJeasay [e2160|0J091BWOIPAH Uiseg 9|IN Woljerep Inoy) jppow Joreush

[e2160]0.10910 N-0JPAH [ejutel Ajreq MN 8y} Jo 1Sesyinos ayi ul Jayream 1o} dais awn
10} 811UsD WIoL 3010 ‘UBWIYOTRD JBTeMOR|] B WOJ) HJOMIBU A|rep ay) 01 uMmop S[e10} selpnis "0 ‘plojBununy
B\ ‘uopuoabe|0D abneb urel asusp ApAIRPRI e Wollerep |ejurRl Ajyiuow 1/9AU0D 19edw 81w D JoJ Joreeuah “N ‘feupes
feuadw| ‘BuLiesuibug U1IM palsejuod pue uiseq a|IN ayl BuLienod 01 pasn Ajjua.und ppow Jayreame Jo jusuodwiod 'S "H ‘lerayM
[eluswiuodIAUg pUe [IAID sobref ures Jo xiomisu e woljerp Ajrea uoefelfbesip |riutey |fejutelay) Jo uoienens 9002 "3 Aueys3

(uonmusuis Joyire

‘sa0.1nos Bulpuny) [epow Jo

éalce|ere ppoN Se0INos eleQ uondiosep Jeug apL arqa sloyiny

(" panunuUod) 3IN pUe 8|IN dn|g J0j SPPOIN € Xipuaddy €',

66



(*"panunuoo)

JAN
“dioD X1S seubnH ‘D AN
'S91pNIS 89edS 0y BINIISU|
‘e1sD 6114 8%eds
PLeppo9/vYSYN ‘Ais

poads apIMm-Uiseq pue aled JeAouin) ‘jjound
92.1nos Aq paiybiem yibua| JoAll :paonpoul
spPWeed apIm-uiseq 304yl (/96T UOpUOT]
Jjosawl] //6T ‘e 1 unozio) sdew pliom
U0 paseq S3| 1} UOIRIIP JOAL (papn{oul 3IN)

uolnjosal
0G'Z X 0Z puUe 05 X Of 10}

pa|1dwoo usaq sey yoIym |l

UON2211p JOALI pUe MO|}
Ssew JaAll o) wiyioBe
Spsau jepow Bunno.

JAuN slebiny ‘ebfs|j0D SJOAL Jofew s pliom Jo yinow e moj) Ajyuow ‘U11ea 9|0yM 10} Sjppowl O ‘LR
300D 'S0UBIDS [BISLOD "elep uoleAsp 8INuIW § (886T) BIuaDd ered afew! o xog PUB ym pasn Sppow 97w ul 7779 ‘essny
pue aulre A Jo Wwawedsq [ea1sAydoas) feuolreN wo.j paaLiep Aydeibodo 3 01 jppow Bunnol ALY MO|} JOALI 8 [eds-eluauuod 66T “d T BININ
amaequiiz ‘wewdopmdg
B/ Jo Wawiedag
0/2 ‘(IHINS) 8Isu| (serew!po R YIP)
fea16oj0IpAH pue [eaibo| eIAljOg pue ©o1BWY YINOS pue edl)Y
0JO9IBIN USIPOMS pUe  amdequiiz ‘eluezue] ‘AsxJn] Ul SIUSWYDIRD Jnoj  ‘@doing ul paledo| siuswiyoed
USPaMS ‘AIlsIoAlUN pun  JoJ (SDIN) UoIRNWIS 0] SJUC A ‘SlUsWIYD1ed Inoj uo pai|dde sem ‘jppow S9TRWI [0 UBB J}IpUl
‘BulieauIBu] S90N0SaY JUSJa44Ip 8Y) Jesu Jo ulsuoiess [ealfojoloaiew Jjounu-|ejurel endsouoo 2ouewlo Jed Bul|jppow Jjoun. T ‘ulleH
BT/ JO uBWede g SNOLieA WoJ4 efep uoieiodens pue |ejuley ‘PPoW 96-AdH UL  -|fejures [endeou0d JosisAfeuy 0002 Y ‘uepin
(uonmusuis Joyire
‘s92.4nos Bulpuny) [epow Jo
éalce|ere ppoN se0Inos eleq uondiosep Joug apIL arqg sloyiny

(" panunUod) 31N pUe B|IN dn|g J0} SPPOIN € XIpuaddy €',

67



(*"panunuoo)

weJboid
YoJessay uolesedood
24NUBIS (Sv4.vasn)
20IABS [RININDLIBY
uBelo4-81mNo LBy Jo
JWweLWiLedaq SekIS palun
ay1 wolj welb e pue
(arvsn) wewdopmq
feuoireuRIU| 1o} Aouaby
Sakels palun 8yl Jo
199014 WoISAS Bulutepn
K1:e3 suiwe e10Med
Yinos ‘s|fed Xnois ‘ieiusd
erq (SOY3) sueks/s uon

Wiy OT 4O UofN|osal
felreds e yum jpxid yaes 10y 4149 :04NI/OdY Ul
pare[nofed sem Jouns Ajreq (0002 e ¥ uosgoq)

Kioreioce feuoireN abpid e Ag paingLisip pue

paonpoud si feys 1eserep eqo|6 000z Uedspue
woJ} pa1e.xe asem sdew Ayisusp uolirndod
apIm 2oy “(¥66T) OVH AQ ps|quissse sieserep
[eqo|6 Wo.} pa17e.1Xe aljom uoireiodens enuue
puUe 81n1x8] |10S Se Yyons sieselep palinbay
1(S19) WesAS UoireouNWWOoBRL [40|D

wo.} erpep abneb urs pue ‘)811g.io rejod GT .,
VVON 8ay1 preoq uo (NSINV) Hun Buipunos
/2O |\ PROURARY 3U] ‘Welbold all|p1es
[ea1Bojoiose N ssused 8yl 4O (I/INSS) sefew|
PRRMOIDIN J0SUBS [R1080S 8y (QDD) uoeInp
PNoJo P|od 1YSOT LT IN WO erep Sauiquiod ey)
poyw uoirejodeiul Ue Ag(66T UV pue a1x)
uofNn|osal [elreds (W OT~) ,T'0 e pasedaud

aJe 1usUNUOD Ued 11}y 3y Jo) sefew ! 34y

abneb 211 jptes papue|g “Apnis siy1 ut pesn

lloAJesal afeloss |jews

|1} O} popS8U BZ IS Paysietem
paJinbal pue ‘A1isusp

uoire|ndod ‘sasso| uoirioders

‘youny Jo Aijiqe|rene

uo paseq sdew xepul 1SoAkY

-ReM (NJA T OdAAH
o4 paTeaulpp spayseem

“PoALIBP 81| [PTeS WO |[ejutel

BAJBSO S90IN0SAY YT 8ieM 200Z UBNoJY) 866T WOI) (I4Y) SOleWwNse  pue Jaguinu 9AINd SOS WoJ) LY Ul enuelod 1seAsey-eiem d T ‘UlpieA
‘foning 21601089 SN [lJURI A|fep PIALIBD 81| BIES SPIM LI LI (pRIA paysierem) jouny jo sdew xepui Buidopreg 002 "g9 ‘feuss
(uonmusuts Joyire
‘s92.1nos Bulpun) [epow Jo
éalce|rene ppoiA seoInos ereq uonduossp Joug oL akqg sioyiny

(" panunUod) 3IN pUe 8|IN dn|g J0oj SPPOIN € Xipuaddy €',

68



(""penunuoo)

NV SexaL 'ssipnis
[eIUBLILIOI INUT pUe SO
-wiouod3 pue AlseAlun
9kelS 00X N MON

e SoIWouodT [eINNoLBY

uorebiLul 10} pasn

uiseq Joddn Jo 9406-08 ‘Alisuep uoirendod
‘(800Z Z110D pUe USSBUDIIA) MO Ul USeq
‘(ybBnoJp ulsteak snoineid UaASS) MO WIS

siuawisn lpe

850U WOJJ 1NSa. eyl
SUOI7ed0| e puUe Sasn Jofem Ul
sebueyd sa1jhuep! pue Jybnoip
Aq pasres safeluep 1w

Ued sjuaLLIsnpe feuo naisul
BYPBYM SISa) ‘uised ay) o}
SAS| asn pue puewsp Jorem
Buiziwndo Jo asodind ays Jo}

‘uiseq spuels oy ul
s1edw ybnoip arebniw 01

‘foning 2160|099 fenuue 101 ‘(200Z IPUeWYdS) SWUoIS/EpUNy)  PalonlIsuod pue paubisap sem sasuodsal Aoijod Jo sisAfeue ‘N Y USSPYIIN
SN ‘199loid anienIu| uoosuow ‘yJedmous urunow ybiy si [epow Buiwwelboid reaul| feuonniIsul pue ‘216ojolpAy ‘4 T ‘Joyoog
uiseg spueis) ory 90.N0S JoleM adeins Arewlid uiseg apuels oy -uou apIm-uiseq paeJlbolu | ‘01LOU09 parIfo| 9002 "V 4 ‘prem
*AJeIndJe auIWeIBpP 0} Pash oM SasAfeue
[eansirels ‘parsxe sieserep a(dninuw 4| * (7002
SSS900.1d pue ) [ppow uoie/sp eHbIp
‘uofeplieA pue uoiriqied Joj (INO1SHO
pue [4/\) oBreydsip wealis ‘ainjeledwe)  JBYR. -8} emuyiuioy L ‘ppow
AslBAIUN |jpUIOD pue ‘paads puim ‘ainssaid Joden :NYD eaibojoipAy enidaouod pue
fe Bupissuibuz Eeiew woly 13 s,vewued ‘(HY19a (Q®e666T  PPow feaul| A|eansiess eep 'S "L 'sinyusais
uoJiaug pue ealbojolg ‘e MON) NYD Aq po|idwod D99 ‘[4M)  Buissiw ul |1} 01 JOARJ BIOA &SN pue Juswssasse A)ienberp N ‘Uss919 ap UeA
‘IPayspes.ds a|dwis [lJURI pUe (HY[DA) UolkIodeAs eNURIOd  UluonNquISIP [eoIBojoIpAH ab.1eyaS 1P B1OA "B SO 9002 "D T Uojker
(plojButem
‘HID) 11PUN0D YoJessay
JuswuOJIAUT eINTeN
YN YoIimioN ‘elfbuy
15e3 Jo Asienlun ‘ssipnis eREp [elo] enuue jo
wewdoprQ Jo |00yos SuoIssalBa Bu isn SJUSLLIYIIRI-gNS Ufew dAl1) 10} 4 ‘uosreynbreq
B11IyspIosxQ ‘uoreg parew Ise saLes |fejurel (86T ABojoIpAH Jo (#66T uOISUl|d pUe 8USS) 00Tz 01 Bul|ppow abueyd @ ‘femuo)
‘yreaH pue ABojoIpAH 3INMISU) MO|JIN0 33| ‘BAIND paaIby ‘10sfoud  S9LISS |ejuel 10941 s0UR eq alew! (o pue 000z 01 8rpdn C9HIPINS
pue ABo|003 1oy IUSD MN 1T s10edw| ajew D Aq patddns erep INDD orm Addns uiseq BN "1LI0WDIA X JO doUe[e] B 7002 "3 skl
(uonmusuis Joyire
‘s0.1nos Bulpuny) jepow Jo
éale|ere PpoN seouncs e uonduosep Joug apL arqa sloyiny

(" panuNUod) 31N pUe B|IN dn|g J0oj SPPOIN € Xipuaddy €',

69



(*"panunuoo)

Spue|BUBN

AoueB vy saoinies [eaIB|0J0SB A [eUOITRN
‘SO N 8igp@-emep |ejurel eidonyg Jo (4MOIN)
$92IN0S9Y BIM JO ANSIUIA 8U] JO uswiledeq

eidoyig ‘pueiyby
usIsaMyLIou Ul ‘ebowsyd
3y} ‘paysterem eoidAre ul
aSN/BA0D PUB| U1 SOILRUAD
01 32UaR 81 YlIM suielred

eidoly13 ‘useq a|IN an|g

ay1 ‘AisleAlun ABoj0IpAH wouy (eAINd Buires pue abneb Jpeis) MO [Jurealis ul sabueyd ‘pays.jerem ebowayD ayl
usbuusfep eidoiyig MO|Jwea.ts Jo siesh of 1se |(200z 1Bimed) ‘Butpow pue payserem U1 MO|} WEaIS UO 199440 S RIS
‘Aisienluneqeqysippy  afiew! 100 fea1osdsninw pue sydesBoloyd ey pa.red 01 aAIRRURBY Y pue 800 pue| Ul solweuAQ 5002 “M emveg
VIdOIHLI NI d3I1ddVST13AON d13IA LNINIA3S ANV NOISOH3
(s19)
SWRISAS UOITRD IUNWILLIOIB P [egO[S) 8} WO}

“B9 ‘punoj aq pNoI Se SUoIeIS |eJuRl yonw se (spays.ereM Aruaws 3

uo peseq ae (;w) G0 x §°0) spubay L “(200z padwn) M3 :puoes

‘e 18 MaN) spLb Ajyiuow (NYD) s.1uN yoresssy ‘[enideou0d pue paInglIsip

9ewW D 8y} JO UOISIOA PU0ISS W0} pareoush paseq-S|9 ‘NVYIYLS

©lep [[eulel 1US0SI 810w ‘(erep |fejurel se ‘ppow 18114 “Apnis aininy

po1iad awres JeAod 10U pIp) Salies awi abreyasip e ul (30VY9) wewiedx3g

Wy Hefes/ Yes/nob- juio-deep//:dny alew!D puy Aenoiey
JoMBN arew! D K1ReI9) 8] Woly poALIsp Ajiceiynuep! "o ‘SN
[e2LOISIH [2C0[D) SePOW Soueeq SOTRW 1S3 UHIM pa.ediod pue Ajigeld ppow "V 3 ‘enseidez
Blem areiqied 01 pesn SQ96T Josoles  ‘Izaquiez Jaddn sy} Ul sppow 01 pfefial Yyiim uiseq AL S RVASTIICE)
spue|RyBN awiN sdew uoird|q sure|dpoo|) pue OM) WOJJ SaTew 159 afelols [Zaguez ayl ul saydeo.dde 9 'H 'H ‘aliuanes
ay ‘Aisleniun Bea spuejem ‘spue|dn :1zaguez jo ABojoipAH  [elIsaUe) Arulwipid apinoid [epow 0M] Jo uos Ledwo)d 9002 "D "H ‘sniwesuip

(uonmusuts Joyire

‘s2.1nos Bulpun) [epow Jo

IR rene Bpo N seouncs e uonduossp Joug aL arqg sloyiny

(" panunUod) 3IN pUe 8|IN dn|g J0j SPPOIN € Xipuaddy €',

70



("penunuod)

Ldoz usyuoN
‘spue|ybiy Aebiy ul
UO130N.JISU0D Wep pue uol}
-eAJ3SUOD [I0S JO Sain|e)
pue ss200ns ,, 199014
uoleiode| (0D 1Beqerz
‘wnibpg ‘uaAne ‘N
pue AiseAIUN BRI

(AeaB1L uiuo el iqeyey

[EIUSLULOIIAUT pUe 81N [N2 116 8 |qeurIsnS)
143VS ‘Honssal ayy jo Aloisy inoce
SMOIAIBIUI JoWLie) [2J0]| pUe JusW Ipas padde.;
10 (Sd9 ‘WsWR.INSEaW) JUBWSSaSse PRIH

asederep (dH0S) 10900.d Uoseasay uoieAlssuoD
|I0S W04} paueICo “eTep [edn}Nodoidos pue asn
puUe| ‘SSO| JUBLUIPSS ‘S1uBLURINSEaW J111BW0IpAY
JOALI ‘sp102a.J [e2160]010338W PapN|oul eale
Apnis 01 perdepe sielwe.ed (37I5N) Uoitenbl
SS07 |10S [eSJoAIUN IO} pasn Blep Alepuodsss
‘8PS pue ‘Yidep ‘YIpIM Se LoNs saInjes

BAIR[BI 1BY} JO UoReuWRIBp pue uond1iossp
'sadA) puleyo Jo uoiredlyusp! pue ‘ssondeld
abe|| i1 ‘asn L 1IINU ‘saonJe.d UOITeAIBSUOD

Jo sfonins pp1j ybnoiyl U018 |0 erep
Arewid ‘uoirelqied ppow Jojerp eak-066T
‘uolrepIfeA [POW 04 Pasn a.lem erep 1eaA-g86T
"JUSISISUOD 10U JoM J0 3|ge|eAe A[n) 10U

SUO111pUod
ueidoiy13 01 sppow
Juswssasse ppIA s pss
(Nsd) epoN Butioos
feHo1%eH 8y pue (OVISd)
29N Iwwo) Lueby
-i91U | IS9MUINOS 014178 8y}
Bundepe pue Bueiqied

Bui|jepow a1 nUenb
-1LUSS pUe JUBLLISSSSS Y
®e(doiyyg ueyuoN-AeibiL
u1 ppIA JuswIpss 914199ds

eidoiyig ‘sybrereH
UISISaM ‘UBIYOIRD oyonbny

C ‘sUoS/AB0 N

'S ‘sixeq

"9 ‘preReD

“C ‘IUBA 9P

U9 ‘UalgelIs B

C ‘UsssSAN

. ‘Ussaod

S00Z N ‘ufemefereH

vsn U1 8Jom arel Joun. xead pue s Ipss ssO| uo (SdN9OV) ppow uonn|jod
ul Mou SI pue MIYVINY ‘jjouny ‘asn pue| {(£66T—£86T) polked |10s BuIrew 1SS 10} jppow 92.Nn0s ulod-uou Ny N2 1IGe 4 ‘SSUURYOA
UM paxiom npexed 1d 1A TT Ue 10y |fejutel JO 1oserep paAesqO paseq-ss800.1d SANDY U} Jo uoienfens pue Bunss ) €002 "N ‘ufenvebereH
(uonmnsut s Joyre
‘s2.1nos Bulpuny) jepow Jo

éalqe|ere PpoN

SadJInos erd

uonduossp Joug

9L

akQ sioyny

(" panunUod) 3IN pUe 8|IN dn|g J0j SPPOIN € Xipuaddy €',

71



(""penunuoo)

(€002 "' W IING :266T '

P sebred 1/66T steng “69) enusiod Aljigipose
aleW1Se 01emep |los Jo) Axoud e se anies

pnoo ABojoylljadeuns ‘siNTQ ‘sydelboloyd
L. ‘Sd9O ‘(41 Jesu) sefew! YISV

uoNN|0saJ W GT sdew Jonod pue asn pue (5002
auawe] ) pawloied alem sAanIns dLBWAYR]
‘JoTeM JO [N} 2oM eyl 8S0U} 40} pue ‘pa1onpuod

pRIA wewpss Jo

Aujigerren sy Buljjonuoo
$1017e} Jofew ay auiwePp
0] pue salis1e1oereyd
JUBWIYITRD pUe piRIA JuBWIpS
s usamiaq diysuoie .

eidoyig

alomsfonins paseq-1d iompplayl ey azAfeue o) pajuswe (dwi uyHou Jo spuejybiy '97d “IA
BuLInp Aip a/oMm eyl S110AISS3. 104 'saydeo.idde aJom uorssalbal adnnw ay1 ul AlljiqeLren ppiA Y ‘meyia
AsSlBAIUN RUOIEEN OM] U0 paseq Sa1is TT ayl 10} palinbde ajom pue sjuauodwiod redioutid el Ipas Buluiweep S red
[NOSS ‘uuog Jo A1seAlun ©Blep Uonsodap JUBW PSS 1I0AISSa) SAIRIUeNd) ‘UOITe 21100 S UoS ;ead SI0]%e) Jo SsAfeuy 9002 i ‘auawe |
A119eded Liodsueny s
JUBW PSS pue MO} pUe|BA0 Ag JusLuyIeIep feuoifiol pue wirey ‘ppl e
‘[led yBnouy) pue [fejurel Ag Juswydelep  paljdde afe yoiym ‘(N3S1T)
MO} [ULRYD ‘MO|} pUR|JBAOC ‘[10S BU1 Ul JoTem jppow uoisose [ea1bojoIpAy
JO JUSWSAOW [eO1LIBA ‘UOITR.|1JUl ‘SUOISSaIdep e pue (NOWLNN)
-0J0IW U1 afelols e ns ‘uondeaseiul iUkl fppow Bu Lioyiuow
‘|lejutel :2[eas adedspue| NS | ‘Seoueequul weLINue ‘(1SO40M)
JUB LIINU JO Sased pue sapniiufew ay) ol ybisul [epow uoie nwis yimoib
8p1A0.d yoIym ssoue eq WU HINU JO Uo e Idwod doJo Aq pareniens uoisose
Spue|RYBN 3[eds wkey ‘NOWLNN :(iew Aip jo 80Npa. 01 uolreIsalosel (111)
8y} *dn-usbuuebepy uonNgLISIP pue sonsLeide.eyd dlylusoloyd pue ‘sydois usboniu |10s
10 uoieJsedoo) ‘9[0/o Buimolb Jo yibus| “a'1) Sans LI Ry anoidwi 0y senpisal doo Jo
feuoireuleiu| welboud douo pue (A11eded uoiren|iul pue Buipioy Buiyonw (11) ‘uononpo.d
Yolessal ay) ‘01-01d pue Blem ‘yidep |ios “&1) sauedoud [i0s ‘|ejurel douo Joj Ailjige|ene eidoyig ‘Aeibiy urssonoed "3 "IN ‘nBnso N
‘uoiresedoo) wewdoprmg JO UoNNQUISIP pUe JUNoWe pue aintelodwel JBEeManoidw| 0] SINOJUOD UOITeAISSUOD JoTem pue |10S MO YuLBIBIN
jo AnsiniA yoin@  ‘uoieipel Jejos Buljersid B[eds pRl ISO40M pR! Buofe spung (1) 39143 40 10949 3y Bulppo N 9002 “H lipsbusH
(uonmusuts Joyire
‘s92.1nos Bulpuny) [epow Jo
éalce|ere ppoN Se0Inos eleq uonduossp Joug apIL arqa sloyiny

(" panunUod) 31N pUe 8|IN dn|g J0oj SPPOIN € Xipuaddy €',

72



("penunuod)

wawredaq ABoj0IpAH MO IN uoI7eIS Ueivepuns) e SpJoJal JUsWINSeaw U IpaS s|x'(1oph 11 )ueemapuns) ¥Z
uawiredaq ABoj0IpAH MO N UoIeIS Jopno Te SpJodal JusWaINseall JUsW IpaS s|x'(Jepno) Jjepno ez
wewredaq ABojoIpAH YMOIN uoIeIS Jepno Te SpJodal JUsWINSeall JUsW IpaS s|x’'(o]pg) Jepno 22
wewredaq ABojoIpAH YMOIN uoIeIS 1109 T SPJ0JaJ JUBWINSeaW JUSW PSS S|X (BSIWO0 M) 110D 12
ewiredaq ABojoIpAH MO oIS Wele |\ JgeeD Je SPI0daJ JUSWSINSesLU JUBWIPaS S|X'(Woye4 T)wele N JprD 014
wewredaq ABojoJpAH MO IN uo1e1S epalbio Te SpJ0dJal JUsLLBINSEaW JUSWI PSS s|x (efogeb quv)epabo4 6T
wewiredsq ABojoIpAH YMON UO RIS BYIU I Te SPJ0JSJ JUSLLISINSESLU JUSLL IPeS six (lussN)eyou 4 8T
ewiredaq ABojoIpAH YMOIN uoiels z/91s3 e SpJoda. JuBWSINSeaW 1B PSS S|x' (ejuem )zheis3 IT
wewredaq ABojoJpAH YMOIN UoI1eIS BusyD ©a1s3 e SPJ0ds. JusWiaINseall JUsW Ipas S|X*(eUBYD)eUBYD B3I 9T
ewredaq ABojoIpAH YMOIN UoI1e1S Bydaquie e SpJ0dal JusllaInseall JUsWIpes S|x (eyoswia ] Jeydsaquieg ST
Juawredaq ABoj0IpAH YMOIN UoI1eIS Bydaquiad Je SpJodal JusliaInseaw JUsW IpasS s|x (e |pnofeydequiaq an
wewredaq ABojoIpAH YMOIN uo11eIsS aliZ 910 e SPJodal JusWdINSeaw JuswW IpsS s|x Bowsyd ‘n)e1eZ 8l T
wawredaq ABoj0IpAH MO N UO 7RIS SOX e |\ 8109 Te SPJ0J3. JusLBINSeall JUsW IpasS s|x (Wiyeqy)soxe N aiged T
ewredaq ABoj0IpAH MO N uo[1elsS aueys.id a.gaq e SPJ0da. JusLL.INSesW JusW PSS S|x (essaleq)eueypig algeQ T
wewredsq ABojoJpAH MOIN UOI1eIS BeuaydIg e SpJ0daJ JusWiaINseal JusW IpaS S|x (eyns)euayolg 0T
wewredaq ABojoIpAH YMOIN uo[felS euayd g e SPJ0da. JusWLINSeaw JusW IpeS s|x @Bn|Aeusydlg 6
ewredaq ABoj0IpAH MO N uoIeIS Isequieg e SPJ0da. JuUBLUBINSEall JUBLW IpeS S|x (esninwi) sequieg 8
wewredsq ABoj0IpAH MO uoreIs Jeq Jiyeg e SpJodsi JusWaINsestul JusW [peS s|x'(keqqv)eq liyeq L
Juawiredaq ABoj0IpAH YMOIN UOITeIS BSOSS Y/ Te SP.J0Ja. USRS INSealll JUSW IPaS S|x (e}JoH)esoss 9
Wwewredaq ABojoJpAH MO IN UO1e]S BULISSSaqUU Y/ e SPJ0Ja. JUsLLIBINSeall JUaLU IpaS S|x (ep pA)ewsssaquy [
wewedaq ABoj0JpAH MO uoIeIS esequY Te SpI0Jal BB INSeaw U IpsS S|X (epaA) eloquuiy %
ewredaq ABojoIpAH YMOIN UOITRIS [enuUell Y Te SPJ0Ja. JUsWSINSeal JUSWI PSS s|x (1u1b1ze9) enuew e
uewiredaq ABoj0IpAH YMOIN UOITRIS UBWiBZ SIPPY e SPJ0d3al JusWia.INsealu JualIpes S|X (2Inq)usWeZ SIPPY Z
Juswireda ABo(opAH MO UOIRRIS UBWISZ SIPPY T2 SPI0dai UL Insealul JusW Ipas s|x*(qqry) vsweZ sippy 1

92Jn0S uondiiosaq aweN a|14 ON'S

(S1usWwdINSEBW [2N1DR Ul PaliW| pue 2dIpelods Si erep ‘sased ay) Jo Aliofew u| sisi| aJe suoness erep ayl) eidoiyl3 (e

(uepns pue eidoiyia) A|ige|fese elep pue suolels JUBWIPSS Jo Is17 iy Xipuaddy L

73



weawredaq ABojoIpAH HMOIN UOITRIS BXRIBYUIB A Te SPI0Ja. JUBLBINSeall JUsW IpeS S|X (@XeleyDexpeyie A S
wowredaq ABoj0IpAH MO IN UOoIeIS N|IBIOAA Te SPJ023.J JUBLIBINSEaWU JUBW IPeS S|X' (@|pwel)n|BIop 4
wewiredsq ABojoIpAH YMOIN uoIeIS O[PS e SPJ0dai JusWsINSeaLU JUSW PSS six (eniajolpeN o
ewredaq ABojoIpAH UMOIN UOoITeIS 2NN A T2 SPI0Ja. JUSLLIINSEaW 1UaW PSS s|x (np|v) aineynin b4
wawredaq ABojoIpAH SMOIN uoI1eIS BINeYN A 12 SPI0Ja. JUBLIBINSEal B IpaS S|’ (epic-1goy) eineyn Al v
wawredaq ABojoipAH SMOIN UOI1e1S B0 A e SPI0Jal JuslBINSeall s IpaS S|X'(BWwa 1 )eno N ov
wawredaq ABoj0JpAH YMOIN UOITeIS B0 A e SPJ0Ja. JUsLBINSeawl JUsW IpasS S|X (@pss JenoN 6E
ewredaq ABoj0IpAH MO UOI1eIS B0\ e SPJ0Ja. JusWaINseall JusW IpaS s|x’(1renzy Jenon feloy
swredaq ABo0IpAH HMOIN UOITeIS 8eeR A Te SPJ00S. JUBWSINSESW LB PSS S|x @IpIv)eRRRIN L€
swredaq ABo0IPAH HMOIN uoreIS eI A Te SPJ0daJ JUBSLUBINSESW JUSWIPSS S|X inpue \) PR IN 9e
uswireda ABo(opAH HMOIN uoleIS IMess Al Je SPI0JaJ JUSWBINSEsLU JUSWIPSS s|x'(Aeqoe pO|1D) IMeRBN Ge
ewlredaq ABojoIpAH YMOIN UuoIRIS IMRBIA Te SPJ023. JusWRINSeaw JUsW IPsS s|x’ (paseg) IMeRIN ve
ewiredaq ABojoIpAH YMOIN UOITeIS [epUS Il T2 SPI0JaJ JUSWLBINSEsW JUBWIPSS s|x'(keqqv-s1L) PPUBIN €
uswiredaq ABojoJpAH YMOIN UoIRIS BPS Al [eUBIN Te SPJ0a1 JUBWSINSEaLU JUBW PSS six'(epeIN PN 14>
uswiredaq ABojoipAH YMOIN UoIRIS BPS A [eUBIN Te SPJ0a1 JUBLWSINSeaLU JUBW PSS sIx(Aeus)epa N lBUS N 1€
wewlredaq ABoj0JpAH MO N UoI1eIS BSMyjUR Al Te SPJ023. JusLWRINSeall JUsW IpasS s|x (e|IyogeQ)esnijue |\ o€
wewredaq ABojoJpAH MO IN UOI1eIS aWwewn 7 12 SPJ0da. JusWia.Inseall JUaW IpaS s|x (eusfieg)owrewn 62
wewredaq ABojoipAH YAMOIN UOI1eIS Jogosoy e SPJ0Ja. U INSEaW UL PSS S|x' (0Av) 800S0 8z
uswiredaq ABojoipAH YMOIN UOITRIS B10e Y T2 SPI0JS. JUBLBINSEsL JUSWIPSS six @BRS)PIgeM 12
uswiredaq ABo(0pAH MO UOI1RIS 80y e SPI0JSJ JUSLSINSESW JUSLU IPeS S|x Ry N)ede M 9z
ewlredaq ABojoIpAH MO UOoITeIS UIINS e SPJ0Ja. JUSWSINSeaW JUSW PSS s|x’(orel) unno (o

90In0S uondiiosaq aweN a|14 ON'S

(" panunuoo) (Uepns pue eidoiyig) Alljige|eAe BIep pue SUOITR)S JUSLIPSS JO 1517 7 Xipusddy v/

74



666T/8/7T U0 siy € Along Buiysn|y Bunp weeq1B|3 wysey Y wessumop pue weasdn B eIgRIY
T00Z ‘666T ‘86 ‘26 100O-BUNC ‘96 1d8S—|NT ‘G6 AON-UNT feueD Jofe |\ epeuez
T00Z ‘666T ‘86 ‘26 100-8UNL ‘96 109S—|N ‘G6 AON—UNC LG e [eueD Jofe N feyed
T00Z ‘666T Bny—un ‘ge6T ‘26 100-8uUN ‘96 1deS—|nC ‘G6 98@-une /G e [eueD Iofe N ereys
T00Z ‘866T ‘66T 300-UNC ‘96 1d9S—|NC ‘G6 AON-UNT LSM e [eueD [1Beue N PO
666T 100-8une GY e feued URW |IBeve N
T00Z ‘666T ‘86 ‘26 100-8UNL ‘96 109S—|NT" ‘G6 AON-UNC LG e [eueD [1Beue N MON
T00Z ‘666T ‘86 ‘26 ‘96 ‘S6 100-8UNT feuuss feueo Uk |1Beue reueD |[1Beue
TO0Z ‘866T ‘26 ¥00-9UNC ‘96 109S—|NC ‘G6 AON—UNT LSM e [UeD BlIZeD plO
666T 100-8unt LS e [eueD U BliZeD
T00Z ‘666T ‘26 190-UNC 866T 100-HBnYy ‘96 108S—In[ ‘G6 BA—INC LG e [eueD BliZeS MON
T00Z ‘666T ‘86 ‘26 ‘96 ‘S6 100-8UNC JeULSS Te [UED UM BlIZeD eueD e.izes
T00Z 190 — 1dsS ‘96 100—INC (feuea A|ddns ‘erevieH) weysey nqv
96 1des—Inc feueD urew peyey
TO0Z ‘96 100—INC ‘€66T 100-8UNC eRMEH Te JOAR] peyey B pevey
T00Z 1des—ung ‘96 100-1dsS ‘6 100—INC sives e Jepuld JOAIY JepuIq
666T 1des—unr ‘866T 109S-INT Iyew |3 pep 2 31IN an|g
T00Z 100 ‘666T Bny—unr ‘96 Bny—InC ‘G6 0O—INC ‘€6 100-Unt Se|V PeM e a|IN an|g
866T ‘96 109S-INC ‘€66T VO—INC Jeuuss B aIN 8nig
T00Z 100-unf ‘666T 1des—ung * 86 10eS—Ine 91180y Wea.ISumMop e 8|IN an|g
€66T 100-8unp wed @ es|INend d|INan|g
T00Z 06NV ‘666T 1des—Hny ofey 13 eI3|INURK S[INUERK
a|ce|ere BRQ suoless Jo sueN Sfeued pue saydesl 3|IN

wiels/As a|IN an|g 8yl WoJ} paJeyreb UoITewIo Ul JUSLWIPSS a|ge|ene ay L

uepns (q

75



REFERENCES

Ahmed, A. A. 1992. Sedimentation in Sudan multi purpose dam reservoir. 5" Symposium on River Sedimentation,
Karlsruhi, Germany.

Ahmed, A. A. 2003. Towards Improvement of Irrigation Systems Management. AMCOW Conference, Addis Ababa,
Ethiopia.

Ahmed, A. A.; EIDaw, A. K. 2004. An Overview on cooperation of Transboundary Water: Case of the Nile River Basin.
Ahmed, A. A. 2006. Multipurpose Development of the Eastern Nile, One system Inventory. ENTRO Report, Sudan.
Ahmed, A. A. 2003. Sediment Transport and Watershed Management Blue Nile System. Friend/Nile Project report, Sudan.

Ahmed, A. A. 2005. Sedimentation Issues in the Nile River. International Symposium on Sediment Management and
Dames, Electrical Historical Museum, Tsurumi.

Ahmed, A. A.; Ismail, U. A. E. 2008. Sediment in the Nile River System. Consultancy Study requested by UNESCO.

Antar, M. A.; Elassiouti, |.; Allam, M. N. 2006. Rainfall-runoff modelling using artificial neural networks technique: a
Blue Nile catchment case study. Hydrological Processes 20(5): 1201-1216.

Awulachew, S. B. 2000. Development & Application of 2-parameters Monthly Water Balance Model in Limited Data
Situation, the Case of Abaya-Chamo Basin, Ethiopia. Zede. Ethiopian Journal of Engineers and Architects. 2000.

Awulachew, S. B. 2001. Investigation of Water Resources Aimed at Multi-Objective Development with Respect to Limited
Data Situation: The Case of Abaya-Chamo Basin, Ethiopia. TU Dresden. Heft 19. PhD.

Ayenew, T.; Gebreegziabher, Y. 2006. Application of a spreadsheet hydrological model for computing the long-term
water balance of Lake Awassa, Ethiopia. Hydrological Sciences Journal-Journal des Sciences Hydrol ogiques 51(3):
418-431.

BCEOM. — French Engineering Consultants, in association with ISL and BRGM 1998. Abbay River Basin Integrated
Development Master Plan Project. Report to Ministry of Water Resources, phase 2 Volume | Main report, volume
Il part 1 climatology, part 2 Hydrology, Volume VI part 2 Large dames and Hydropower schemes, phase 3 volume
IV part 7 hydropower schemes. The Federal Democratic Republic of Ethiopia

Bewket W. 2002. Land cover dynamics since the 1950s in Chemoga watershed, Blue Nile Basin, Ethiopia. Mountain
Research and Development 22(3): 263—269. Cited by Bewket and Sterk (2005).

Bewket, W.; Sterk, G. 2005. Dynamicsin land cover and its effect on stream flow in the Chemoga watershed, Blue Nile
basin, Ethiopia. Hydrological Processes 19(2): 445-458.

Billi, P;; Caparrini, F. 2006. Estimating land cover effects on evapotranspiration with remote sensing: a case study in
Ethiopian rift valley/Estimation par télédétection des effets de I’ occupation du sol sur I” évapotranspiration: un cas
d’ étude dans la vallée du rift. Ethiopien Hydrolog Sci J 51(4): 655-670.

Block, P. 2006. Integrated management of the Blue Nile Basin in Ethiopia: Precipitation forecast, hydropower, and
irrigation modeling. PhD Dissertation, University of Colorado, Boulder. Boulder, Colorado.

Block, P. 2007. Integrated management of the Blue Nile Basin in Ethiopia: hydropower and irrigation modeling. IFPRI
discussion paper 07000. Washington, DC: International Food Policy Research Institute.

Box, G. E. P; Jenkins, G. M. 1976. Time Series Analysis and Control. Holden Day, 575 pp. Cited by El-Fandy et al.
(1994).

Bryson, R. A.; Bryson, R. U. 2000. Site-specific high-resolution models of the monsoon for Africa and Asia. Global
and Planetary Change 26(1-3): 77-84.

Bull, L. J.; Kirkby, M. J.; Shannon, J.; Dunsford, H. 2003. Predicting Hydrological Response Units (HRUS) in semi-
arid environments. Advanced Communications Model 1: 1-26. Cited by Tamene et al. (2006).

CEEPA (Centre for Environmental Economics and Policy in Africa) (R. Hassan). 2006. Climate change and African
agriculture. Policy Note No.30 Web Information: All the reports produced under this GEF/WB/CEEPA funded
project. Regional Climate, Water and Agriculture: Impacts on and Adaptation of Agro-ecological Systemsin Africa,
are found on CEEPA e-Library at its website link (http://www.ceepa.co.za/discussionp2006.html) and can also be
accessed directly through the project link (http://www.ceepa.co.za/Climate_Change/project.html).

Coe, M. T. 2000. Modeling terrestrial hydrologica systems at the continental scale: testing the accuracy of an atmospheric
GCM. Journal of Climate 13(4): 686-704.

76



Conway, D. 1997. A water balance model of the Upper Blue Nile in Ethiopia. Hydrological Sciences Journal-Journal
des Sciences Hydrol ogiques 42(2): 265-286.

Conway, D.; Hulme, M. 1996. The impacts of climate variability and future climate change in the nile basin on water
resources in Egypt. Water Resources Development 12(3): 277-296.

CPWF (CGIAR Challenge Program on Water and Food). 2007. http://www.cpnile.net

Desta, G. 2003. Estimation of Runoff Coefficient at different growth stages of cropsin the highlands of Amhara Region.
MSc Thesis, Alemaya University, Ethiopia.

Dobson, J. E.; Bright, E. A.; Coleman, P. R.; Durfee, R. C.; Worley, B. A. 2000. Landscan: Global population database
for estimating population at risk. Photogrammetric Engineering and Remote Sensing 66(7): 849"857. Cited by Senay
and Verdin (2004).

Easton, Z. M.; Fuka, D. R.; Walter, M. T.; Cowan, D. M.; Schneiderman, E. M.; Steenhuis, T. S. 2008. Re-Conceptualizing
the soil and water assessment (SWAT) model to predict runoff from variable source areas. Journal of Hydrology
348: 279-291.

Easton, Z. M.; Gerard-Marchant, P; Walter, M. T.; Petrovic, A. M.; Steenhuis, T. S. 2007. Identifying dissolved phosphorus
source areas and predicting transport from an urban watershed using distributed hydrologic modeling. Water
Resources Research 43: \W11414. doi: 10.1029/2006WR005697, 2007.

Eldaw, A. K.; Salas, J. D.; Garcia, L. A. 2003. Long-Range Forecasting of the Nile River Flows Using Climatic Forcing.
Journal Of Applied Meteorology 42: 890-904.

El-Fandy, M. G.; Ashour, Z. H.; Taiel, S. M. M. 1994. Time series models adoptable fro forecasting Nile floods and
Ethiopian rainfalls. Bulletin of the American Meteorological Society 75(1): 83-94.

Elshamy, M. E.; Wheater, H. S.; Gedney, N.; Huntingford, C. 2006. Evaluation of the rainfall component of a weather
generator for climate impact studies. Journal of Hydrology 326(1-4): 1-24.

Endale, Y. D. 2006. Assessment of Water Demand for irrigation development in Abay Basin (A case of tributary
development scenario). In: The Nile Development Forum (2006) proceeding. Addis Ababa, Ethiopia.

Evans, M. 1997. Temporal and spatial representativeness of Alpine sediment yield: Cascade Mountains, British Columbia.
Earth Surface Processes and Landforms 22: 287-295. Cited by Tamene et a. (2006).

FAO (Food and Agriculture Organization of the United Nations). 1994. Digital soil map of the world. CD-ROM. Rome,
Italy: Food and Agriculture Organization of the United Nations. Cited by Senay and Verdin (2004)

FAOQ. 2007. http://www.faonile.org/nbs/nilesystem.htm

FAOQ. 2007. Statistical yearbook 2004. Issue 1, Country Profiles. FAO Statistics Division. http://www.fao.org/statistics/
Yearbook/vol_1_1/index_en.asp

Fargas, D.; Marty nez-Casasnovas, J. A.; Poch, R. M. 1997. Identification of critical sediment source areas at regional
level. Physics and Chemistry of the Earth 22: 355-359. Cited by Tamene et al. (2006).

Gamachu, D. 1977. Aspects of climate and water budget in Ethiopia. Tech.Monograph, Addis Ababa University Press,
Addis Ababa, Ethiopia. Cited by Johnson and Curtis (1994).

Georgakakos, A. P. 2006. Decision Support Systems for water resources management: Nile Basin gpplications and further
needs. In: CPWF: Proceedings of the Working conference January 23-26, Nazareth, Ethiopia.

Gérard-Marchant, P; Hively, W. D.; Steenhuis, T. S. 2006. Distributed hydrological modelling of total dissolved
phosphorus transport in an agricultural landscape, part |: distributed runoff generation. Hydrology and Earth System
Sciences 10: 245-261.

GETECH (Geophysical Exploration Technology). 1995. Global Digital Terrain Model: Global DTM 5. Tech. Rep., 18
pp. (Available from the Department of Earth Sciences, University of Leeds, Leeds LS2 9JT, United Kingdom).
Cited by Coe (2000).

Guariso, G.; Whittington, D. 1987. Implications of Ethiopian water development for Egypt and Sudan. Water Resources
Development 3(2): 105-114.

Guo, S. L.; Kachroo, R. K.; Mngodo, R. J. 1996. Nonparametric kernel estimation of low flow quantiles. Journal of
Hydrology 185(1-4): 335-348.

Haregeweyn, N.; Poesen, J.; Nyssen, J.; Verstraeten, G.; de Vente, J.; Govers, G.; Deckers, J. A. 2005. Specific sediment
yield in Tigray-Northern Ethiopia: Assessment and semi-quantitative modeling. Geomor phology 69(1-4): 315-331.

77



Haregeweyn, N.; Yohannes, F. 2003. Testing and eval uation of the agricultural non-point source pollution model (AGNPS)
on Augucho catchment, western Hararghe, Ethiopia. Agriculture Ecosystems & Environment 99(1-3): 201-212.

Hassan, F. 1985. Holocene lakes and prehistoric settlements of the Western Faiyum, Egypt. J. Archaeol. Res. 13: 483~
501.

Hengsdijk, H.; Meijerink, G. W.; Mosugu, M. E. 2006. Reply to “Comment on Modelling the effect of soil and water
conservation practices in Tigray, Ethiopia (vol. 105, pg. 29, 2005).” Agriculture, Ecosystems and Environment 114:
412-414.

Hively, W. D.; Gérard-Marchant, P; Steenhuis, T. S. 2006. Distributed hydrological modeling of total dissolved phosphorus
transport in an agricultural landscape, part |1: dissolved phosphorus transport. Hydrology and Earth System Sciences
10: 263-276.

Horton, R. E. 1933. Therole of infiltration in the hydrologic cycle. Transactions American Geophysical Union 14: 446-
460.

Hu, C. H.; Guo, S. L.; Xiong, L. H.; Peng, D. Z. 2005. A modified Xinanjiang model and its application in northern
China. Nordic Hydrology 36(2): 175-192.

Hurni, H. 1985. Erosion, Productivity and Conservation Systems in Ethiopia. Paper for IV International Conference on
Soil Conservation, Venezuela.

Hurst, H.E.; Philips, P. 1933. The Nile Basin, Volume 1V, ten-day mean and monthly mean discharges of the Nile and
its tributaries, Ministry of Public Works, Physical Department, Cairo. Cited by Conway and Hulme (1996).

Hydrosult Inc; Tecsult; DHV; and their Associates Nile Consult, Comatex Nilotica; and T and A Consulting. 2006a.
Trans-Boundary Analysis: Main Nile Sub-basin. NBI-ENTRO (Nile Basin Initiative-Eastern Nile Technical Regional
Organization).

Hydrosult Inc; Tecsult; DHV; and their Associates Nile Consult, Comatex Nilotica; and T and A Consulting. 2006b.
Trans-Boundary Analysis: Abay — Blue Nile Sub-basin. NBI-ENTRO (Nile Basin Initiative-Eastern Nile Technical
Regional Organization).

Hydrosult Inc, Tecsult, DHV, Nile Consult, Comatex Nilotica and T & A Consulting, 2006c. Cooperative regional
Assessment (CRA) for Watershed Management. Transboundary Analysis Final country reportSudan. Report to
Eastern Nile Technical Regional Office, Nile Basin Initiative.

Ingtitute of Hydrology. 1984. A review of the hydrology of Lake Victoria and the Victoria Nile. Wallingford, UK: Institute
of Hydrology. Cited by Tate et al. (2004).

IUCN (International Union for the Conservation of Nature). 2007. Water Resources eAtlas. http://www.iucn.org/themes/
wani/eatlas/html/af 15.html

IWMI (International Water Management Institute). 2007. GIS Watershed Maps of Abay-Blue Nile (unpublished related
to this work).

Johnson, M. S.; Coon, W. F; Mehta, V. K.; Steenhuis, T. S;; Brooks, E. S.; Ball, J. 2003. Application of Two Hydrologic
Models with Different Runoff Mechanisms to a Hillslope Dominated Watershed in the Northeastern U.S.: A
Comparison of HSPF and SMR. J. Hydrol. 284: 57-76.

Johnson, P A.; Curtis, P. D. 1994. Water balance of Blue Nile River Basin in Ethiopia. Journal of Irrigation and Drainage
Engineering ASCE 120(3): 573-590.

Kebede, S.; Travi, Y.; Alemayehu, T.; Marc, V. 2006. Water balance of Lake Tana and its sensitivity to fluctuations in
rainfall, Blue Nile Basin, Ethiopia. Journal of Hydrology 316: 233-247.

Kondrashov, D.; Ghil, M. 2006. Spatio-temporal filling of missing points in geophysical data sets. Nonlinear Processes
in Geophysics 13(2): 151-159.

Land Processes. 2004. USGS-NASA Distributed Active Archive Center. Available at http://edcdaac.usgs.gov/gtopo30/
gtopo30.html (accessed in October 2008).

Lange, J.; Greenbaum, N.; Husary, S.; Ghanem, M.; Leibundgut, C.; Schick, A. P. 2003. Runoff generation from successive
simulated rainfalls on arocky, semi-arid, Mediterranean hillslope. Hydrological Processes 17(2): 279-296.

Lautze, J.; Giordano, M. 2006. Quantity and Qualities: The Development and Extent of Transboundary Water Law in
Africa. Natural Resources Journal 45(4): 1053-1087.

Legesse, D.; Valet-Coulomb, C.; Gasse, F. 2003. Hydrological response of a catchment to climate and land use changes
in tropical Africa: case study south central Ethiopia. Journal of Hydrology 275(1-2): 67-85.

78



Levine, G.; Bailey, C. 1987. Water management in the Gezira scheme. International Journal of Water Resources
Development 3(2): 115-126.

Levy, B. S.; Baecher, G. B. 2006. NileSim: A windows based hydrologic simulator of the Nile River System. http://
www.isr.umd.edu/CEL S/research/nilesim/paper.html

Liden, R.; Harlin, J. 2000. Analysis of conceptual rainfall-runoff modelling performance in different climates. Journal
of Hydrology 238(3-4): 231-247.

Liu, B. M.; Collick, A. S.; Zeleke, G.; Adgo, E.; Easton, Z. M.; Steenhuis, T. S. Simple Rainfall-Discharge Relationships
for Ethiopian Watersheds. Submitted to Hydrological Processes Today. Forthcoming.

Melkamu, A. 2005. Reservoir operation and establishment of reservoir rule for Lake Tana. MSc.Thesis. Addis Ababa
University.

Merz, J.; Dangol, P. M.; Dhakal, M. P; Dongol, B. S.; Nakarmi, G.; Weingartner, R. 2006. Rainfall-runoff eventsin a
middle mountain catchment of Nepal. Journal of Hydrology 331(3-4): 446-458.

Michelsen, A. M.; Cortez, F. 2003. Drought watch on the Rio Grande, Texas A&M Univ. System and US Bureau of
Reclamation, El Paso, Tex. Cited by Ward et al. (2006).

Miller, J. R.; Russel, G. L.; Caliri, G. 1994. Continental-Scale river flow in climate models. Journal of Climate 7(6):
914-928.

Miller, C. R. 1951. Analysis of flow-duration, sediment-rating curves. Method of computing sediment yield. United States
Bureau of Reclamation (USBR).

Mishra, A.; Hata, T.; Abdelhadi, A. W.; Tada, A.; Tanakamaru, H. 2004. Recession flow analysis of the Blue Nile River.
Hydrological Processes 17(14): 2825-2835.

Mishra, A.; Hata, T. 2006. A grid-based runoff generation and flow routing model for the upper Blue Nile basin.
Hydrological Sciences Journal-Journal des Sciences Hydrologiques 51(2): 191-206.

Mohamed, Y. A.; Bastiaanssen, W. G. M.; Savenije, H. H. G. 2004. Spatial variability of evaporation and moisture storage
in the swamps of the upper Nile studied by remote sensing techniques. Journal of Hydrology 289(1-4): 145-164.

Mohamed, Y. A.; van den Hurk, B. J. J. M.; Savenije, H. H. G.; Bastiaanssen, W. G. M. 2005. Hydro-climatology of the
Nile: results from aregiona climate model. Hydrology and Earth System Sciences 9(3): 263-278.

Mohammed., H., Yohannes, F.; Zeleke, G. 2004. Validation of agricultural non-point source (AGNPS) pollution model
in Kori watershed, South Wollo, Ethiopia. International Journal of Applied Earth Observation and Geoinformation
6(2): 97-109.

Molden, D. 2007. Water for Food, Water for Life: A Comprehensive Assessment of Water Management in Agriculture.
London, UK: Earthscan, and Colombo, Sri Lanka: International Water Management Institute.

Moussa, O. M.; Bedford, K. W.; Smith, S. E. 1989. Satellite data based sediment-yield models for the Blue Nile ASPRS
Technical Papers: 1989 ASPRS-ACSM Fall Convention, Cleveland, Ohio, September 17-21. From Compass To
Computer: 379-386.

Moussa, O. M. 1991. Hydrological regression sediment-yield model for ungaged stations along the Blue Nile coarse
Technical Papers/American Society For Photogrammetry and Remote Sensing (ASPRS) and the American Congress
on Surveying and Mapping (ACSM) Annua Convention: 133-140.

MoWR (Ministry of Water Resources). 1998. Integrated Development of Abay River Basin Master Plan Study, Vol.lll,
part 2, Vol. VI, Part 1, Vol. VI part 3. Unpublished report.

MoWR. 2002. Water Sector Development Programme 2002-2016. Main Report. Unpublished report.

National Geophysical Data Center. 1988. Digital relief of the surface of the Earth (ETOPOS5). Data Announcement 88-
MGG-02, U.S. Dept. Commerce. Cited by Miller et al. (1994).

Nawaz, R.; Bellerby, T. J.; Sayed, M .-A.; Elshamy, M. E. n.d. Quantifying uncertainties in the assessment of Blue Nile
Flow Sensitivity to Climate Change. Submitted to the Hydrological Sciences Journal.

NBCBN-RE (Nile Basin Capacity Building Network) (Group I1). 2005. Gl S-based watershed modeling in the Nile basin
countries. GIS and Modeling Application in River Engineering Research Cluster.

NBI (Nile Basin Initiative). 2007. http://web.worldbank.org/WBSI TE/EXTERNAL/COUNTRIES/AFRICAEXT/
EXTREGINI/EXTAFRNILEBASINI/
0,,contentM DK :21076155~menuPK :3508332~pagePK :64168445~pi PK :64168309~theSitePK :2959951,00.html

79



New, M.; Hulme, M.; Jones, P. 1999a. Representing twentieth century space-time variability. Part I: Development of a
1961-1990 mean monthly terrestrial climatology. Journal of Climate 12:829-856.

New, M.; Hulme, M.; Jones, P. 1999b. Representing twentieth century space-time climate variability. Part |1: Development
of 1901-1996 monthly grids of terrestrial surface climate. Journal of Climate 13: 2217-2238.

New, M.; Lister, D.; Hulme, M.; Makin, I. 2002. A high-resolution data set of surface climate over global land areas.
Climate Res. 21: 1-25. Cited by Winsemius et a. (2006).

Norconsult. 2006. Karodobi Multipurpose project, pre-feasibility study. Report to Ministry of Water Resources, The
Federal Democratic Republic of Ethiopia.

Nyssen, J.; Haregeweyn, N.; Descheemaeker, K.; Gebremichael, D.; Vancampenhout, K.; Poesen, J.; Haile, M.;
Moeyersons, J.; Buytaert, W.; Naudts, J.; Deckers, J.; Govers, G. 2006. Comment on “Modelling the effect of soil
and water conservation practices in Ethiopid’ (Agriculture, Ecosystems and Environment 105: 29-40), Agriculture,
Ecosystems and Environment 114(2006): 407—411.

Revenga, C.; Murray, S.; Abramovitz, J.; Hammond, A. 1998. Watersheds of the world. World Resources Institute,
Washington, DC.

Sadoff, C. W.; Grey, D. 2002. Beyond the river: the benefits of cooperation on international rivers. Water Policy 4(2002):
389-403.

Schaake, J. C. Jr.; Chunzhen, L. 1989. Development and application of simple water balance models to understand the
relationship between climate and water resources. New directions for surface water modeling, Proc., IAHS Syrup.,
Publ. no. 181, International Association of Hydrological Sciences, Baltimore, Md. Cited by Johnson and Curtis
(1994).

Schmandt, J. 2002. Bi-national water issues in the Rio Grande/Rio Bravo basin. Water Policy 4(2): 137-155. Cited by
Ward et a. (2006).

Schneiderman, E. M.; Steenhuis, T. S.; Thongs, D. J.; Easton, Z. M .; Zion, M. S.; Mendoza, G. F.; Walter, M. T.; Neal,
A. L. 2007. Incorporating variable source area hydrology into the curve number based Generalized Watershed
Loading Function model. Hydrol. Proc. 21: 3420-3430. doi: 10.1002/hyp6556.

Senay, G. B.; Verdin, J. P. 2004. Developing index maps of water-harvest potential in Africa. Applied Engineering in
Agriculture 20(6): 789-799.

Sene, K. J; Plinston, D. T. 1994. A review and update of the hydrology of Lake Victoriain East Africa. Hydrol. Sci. J.
39(1): 47-63. Cited by Tate et al. (2004).

Shahin, M. 1985. Hydrology of the Nile Basin. Elsevier, Amsterdam, the Netherlands. Cited by Johnson and Curtis (1994).

Sonnenveld, B. 2003. Formalizing expert judgments in land degradation assessment: a case study for Ethiopia. Land
Degradation and Development 14: 347-361.

Stagnitti, F; Li, L.; Parlange, J.-Y.; Brutsaert, W.; Lockington, D. A.; Steenhuis, T. S.; Parlange, M. B.; Barry, D. A;
Hogarth, W. L. 2004. Drying front in a sloping aquifer: Nonlinear effects. Water Resources Research 40: W04601.

Steenhuis, T. S.; van der Molen, W. H. 1986. The Thornthwaite-Mather Procedure as a Simple Engineering Method to
Predict Recharge. J. Hydrol. 84: 221-229.

Sutcliffe, J. V.; Parks, Y. P. 1999. The hydrology of the Nile. IAHS Specia Publication 5, Wallingford, Oxfordshire;
IAHS.

Tamene, L. 2005. Reservoir siltation in Ethiopia: causes, sources areas, and management options. PhD thesis, Ecology
and Development Series 30, Center for Development Research, University of Bonn. Cited by Tamene et al. (2006).

Tamene, L.; Park, S. J,; Dikau, R.; Vlek, P. L. G. 2006. Analysis of factors determining sediment yield variability in the
highlands of northern Ethiopia. Geomorphology 76(1-2): 76-91.

Tate, E.; Sutcliffe, J.; Conway, D.; Farquharson, F. 2004. Water balance of Lake Victoria: Update to 2000 and climate
change modelling to 2100. Hydrological Sciences Journal-Journal des Sciences Hydrologiques 49(4): 563-574.

Taylor, J. C.; van de Giesen, N.; Steenhuis, T. S. 2006. West Africa: Volta discharge data quality assessment and use.
Journal of the American Water Resources Association 42(4): 1113-1126.

Tesfahun, D. 2007. Catchment Water Balance for Blue Nile River Basin. MSc Thesis. Arba Minch University.

Tesfahun, D.; Moges, S.; Awulachew, S. B. 2006. Water Balance Modeling and Estimation of Sub-Basin Water Yield
from Blue Nile River Basin. In: Proceeding of Nile Basin Development Forum, 2006. The Role of the Nile River in
Poverty Reduction and Economic Development in the Region, November 28-December 2, 2006. 17 p.

80



Times of London. 1967. Times Atlas of the World. John Bartholomew and Son Ltd. Cited by Miller et al. (1994).

Tsintikidis, D.; Georgakakos, K. P; Artan, G. A.; Tsonis, A. A. 1999. A feasibility study on mean areal rainfall estimation
and hydrologic response in the Blue Nile region using METEOSAT images. Journal of Hydrology 221(3-4): 97-
116.

UNECA (United Nations Economic Commission for Africa). 2000. Transboundary River/Lake Basin Water Devel opment
in Africa: Prospects, Problems, and Achievements. Addis Ababa, Ethiopiaz UNECA.

USBR (United States Bureau of Reclamation). 1964. Land and Water Resources of the Blue Nile Basin, Ethiopia
Appendix V — Power. Washington DC: United States Bureau of Reclamation, United States Department of the
Interior. Cited by Johnson and Curtis (1994).

USArmy Corps of Engineers. 2003. HEC-Resim software. http://www.hec.usace.army.mil/

Vallet-Coulomb, C.; Legesse, D.; Gasse, F.; Travi, Y.; Chernet, T. 2001. Lake evaporation estimates in tropical Africa
(Lake Ziway, Ethiopia). Journal of Hydrology 245(1-4): 1-18.

van de Giesen, N. C.; Stomph, T. J.; de Ridder, N. 2000. Scale effects of Hortonian overland flow and rainfall-runoff
dynamicsin aWest African catena landscape. Hydrological Processes 14(1): 165-175.

Van der Beken, A.; Byloos, J. 1977. A monthly water balance model including deep infiltration and canal losses.
Hydrological Sci. Bull. 22(3): 341-351. Cited by Johnson and Curtis (1994).

WAPCOS (Water and Power Consultancy Services). 1990. Preliminary Water Resource Development Master Plan for
Ethiopia, Volume 111, Annex — A hydrology and hydrogeology, VolumeVV Annex J— Hydropower.

Ward, F. A.; Booker, J. F.; Michelsen, A. M. 2006. Integrated economic, hydrologic, and institutional analysis of policy
responses to mitigate drought impacts in Rio Grande Basin. Journal of Water Resources Planning and Management
132(6): 488-502.

World Bank. 1989. Sub-Saharan Africa Hydrological Assessment Sudan. World Bank-UNDP, RAF 87/030. Cited by
Conway and Hulme (1996).

World Bank. 2006. Africa Development Indicators 2006. International Bank.
Wikipedia. 2007. http://en.wikipedia.org/wiki/Africa#_note-Sayre.

Winsemius, H. C.; Savenije, H. H. G.; Gerrits, A. M. J.; Zapreeva, E. A.; Klees, R. 2006 . Comparison of two model
approaches in the Zambezi river basin with regard to model reliability and identifiability. Hydrology and Earth
System Sciences 10(3): 339-352.

World Bank. 2000. Sudan - Options for the sustainable development of the Gezira scheme. World Bank Sector Report
20398. Washington DC.

World Bank. 2006. Ethiopia: Managing water resources to maximize sustainable growth. World Bank Agriculture and
Rural Development Department. Washington DC.

Xie, P; Arkin, P A. 1997. A 17"year monthly analysis based on gauge observations, satellite estimates, and numerical
model outputs. Bulletin of the American Meteorological Society 78(11): 2539"58. Cited by Senay and Verdin (2004).

Yates, D. 1996. WATBAL: An integrated water balance model for climate impact assessment of river basin runoff.
International Journal of Water Resources Development 12(2): 121-139.

Yates, D.; Strzepek, K. 1998. Modeling the Nile Basin under climatic change. J. Hydrol. Engrg. 3(2): 98-108.

Zeleke, G. 2000. Landscape Dynamics and Soil Erosion Process Modeling in the North-western Ethiopian Highlands.
African Studies Series A 16, Geographica Bernensia, Berne, Switzerland.

81









Postal Address
P O Box 2075
Colombo

Sri Lanka

Location

127, Sunil Mawatha
Pelawatta
Battaramulla

Sri Lanka

Telephone
+94-11 2880000

Fax
+94-11 2786854

E-mail
iwmi@cgiar.org

Website
http://www.iwmi.org

T
&

)
{((
il
A
3 1l

[-X-)
~3

-
nn§,=
=S
-0 .

==
34

w®mo
HE

o = 2\

=

FUTURE
HARY/EST

IWMI'is a Future Harvest Center

supported by the CGIAR

ISBN: 978-92-9090-699-5





