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EXECUTIVE SUMMARY 

Introduction 

As part of the tripartite project, including the Federal Democratic Republic of Ethiopia, the 

Republic of Kenya and the United Nations Environment Programme (UNEP), on óSupport 

to Sustainable Development in Lake Turkana and its River Basinsô which is being carried 

out by the UNEP-DHI Centre on Water and Environment.  

The project is co-funded by the European Union Emergency Trust Fund for Africa, 

through its project on "Support for Effective Cooperation and Coordination of Cross-

border Initiatives in Southwest Ethiopia-Northwest Kenya, Marsabit-Borana & Dawa, and 

Kenya-Somalia-Ethiopia (SECCCI)ò. The overall SECCCI objective is to ensure the 

effective cooperation and coordination of cross border initiatives. The specific objectives 

of the project óSupport to Sustainable Development in Lake Turkana and its River Basinsô 

are the following:  

- Establishing a common scientific understanding of the Lake and its River 

Basins 

- Set up a monitoring system for Lake Turkana and its River Basins 

- Capacity building in Transboundary Water Management (TWM) and 

transboundary dialogue activities to build trust, confidence, cooperation and a 

shared vision 

- Implementing pilot demonstrations for ecosystems rehabilitation. 

Conclusions 

Simulations for the next 20 years predict that climate change may result in a marked 

increase in inflow to Lake Turkana, primarily from the Omo River, but also increased 

inflow from Kerio and Turkwel rivers. Such a possible increase in inflow will result in an 

increasing water level in Lake Turkana. Thus, the flooding which occurred in year 2020, 

which was considered a rare event, is likely to be become more regular in the future 

without any adaptation measures. The new evidence of continuing rising lake water levels 

is partially based on climate change scenarios and a predicted change in rainfall patterns 

due to climate change. These climate change projections, however, are associated with a 

degree of uncertainty. 

Mutual gains for both basin countries can be achieved if the basin countries develop an 

arrangement for water cooperation. Possible transboundary mutual gains between 

Climate Change (CC), Water Resources Developments (WRD) and Rehabilitation and 

Adaption Measures (RAM) have been identified: 

- Increased irrigation and other abstractions within the basin may help to 

counterbalance increasing water levels in Lake Turkana due to climate 

change. Impacts of irrigation on water quality have not been factored in the 

model. Irrigation will need to be properly managed to avoid negative effects 

on water quality, such as agricultural nonpoint source pollution. 

- Likewise, reforestation and soil and water conservation measures may also 

help to counterbalance the impact of climate change. However, the effect of 
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increasing water use will be relatively stronger, due to increased evaporation 

and less runoff from steep headwater catchments. 

- It will be possible to partly reproduce the seasonality in inflow to Lake 

Turkana to maintain fish production and at the same time maintain the same 

Total Hydropower Production in the Ethiopian part of the basin. 

- A cooperation framework should be established to guide planning and 

development efforts at the basin scale. The project deliverable ñDraft 

Framework on Transboundary Water Managementò addresses this. 

- Soil and water conservation and reforestation measures will significantly help 

reducing the risk of landslides and mudflows as experienced in West Pokot 

County, Kenya. It is considered that both countries will benefit from when 

implementing these measures. The benefits will mainly be onsite benefits and 

will particularly ensure a more efficient and, not least, more sustainable crop 

production and conversion from other land uses to cultivation.   

- From a global perspective reforestation and agroforestry may also help 

fighting global warming and help restoring habitat loss. 

- Agroforestry will have two additional advantages: Intercropping crops with 

leguminous N2-fixing agroforestry species e.g. Acacia and Caleandra, can 

help replenish nitrogen harvested with crops and thereby maintain the N-

balance and reduce the need for artificial fertilizers. Fodder trees can also be 

an important feed source for livestock and reduce livestock pressure on 

grassland. 

Indicator Framework 

An attempt was made to establish a framework that covered all relevant sectors namely: 

Agriculture, Economy, Energy, Environment, Fishery, Social Welfare, Water Resources 

and Water Supply & Sanitation. Efforts to collect field data were carried out in the Kenyan 

part of the basin, to enable the conceptualization and calculation of indicators specific to 

the project scope and area. These efforts resulted in the calculation of the following 

indicators: 

- Annual lake water level fluctuations 

- Fish production indicators 

- Households with farm holdings 

- Labour division indicator 

- Net Present Value for hydropower 

- Net Present Value for irrigation 

- Percent of years where water levels result in severe inundation 

- Salinity indicator 

- Settlements affected by inundation 

This framework was used in the Planning application to facilitate the evaluation of each 

scenario as well as comparison of impacts across scenarios and the prioritization 

exercise using the MCDA method. 
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Scenario Modelling 

The impacts of each scenario are presented and discussed in detail. The indicator 

framework is used for this purpose primarily. Additional model results are used as well to 

complement the discussion. For each scenario, the discussion of impacts is organized 

per relevant sector. A summary of the key results is presented next. 

Scenario WRD 1 ï Baseline by 2025 
WRD 1 is the baseline scenario including hydropower and irrigation developments that 

are expected to be developed by the year 2025. 

Ethiopia has the largest energy production from hydropower accounting for 98 percent of 

the total hydropower production in the basin. The effect of the reservoirs on low flows into 

lake Turkana will be less pronounced than immediately downstream of Gibe III due to 

catchment flow entering the Omo river from tributaries further downstream, but they will 

nevertheless have an impact on the seasonal variation of the lake water level. 

Water use from irrigation has a significant impact on average and minimum stream flows 

downstream of the irrigated areas. The sugar cane plantation at Kuraz accounts for most 

of the water use due to its size. Here annual average water use is estimated to be 21.9 

m3/s corresponding to 3.9 percent of the stream flow upstream of Kuraz. During dry 

periods this increases to around 12 percent for minimum flows (Q98). For comparison: 

annual average water use at the second largest irrigation scheme Gibe Valley is 0.02 

m3/s. 

Scenario WRD 2 ï Full Development by 2040 
WRD 2 contains planned investments in hydropower, irrigation and domestic water 

supply before 2040, according to the current national strategies consulted during this 

project. 

The planned investments in the two new hydropower plants will lead to an increase in 

total annual average hydropower production of 2442 GWh corresponding to a percentage 

increase of 16.6 compared to the baseline. Most of the increase is from the Gibe V 

hydropower plant in Ethiopia, which accounts for 94 percent of the total increase.  

The reservoir and hydropower plant operation will affect the stream flow hydrology 

downstream of the dams. In general, the total flow volumes are not affected or only 

affected to a small degree. However, reservoir operation has an impact on the flow 

regime by increasing low flows and reducing peak flows. Minimum flow defined as the 

98th flow percentile increases from 236 m3/s to 272 m3/s downstream of Gibe V, an 

increase of 14 percent. Average flows are reduced slightly both downstream of Gibe V, 

and downstream of Arror in the Kerio river, not due to the hydropower plants, but due to 

an increase in domestic water use in WRD 2. 

Water use due to increased irrigation results in a significant impact on average and 

minimum stream flows, particularly downstream of Kuraz reservoir. Average stream flow 

will reduce by 5.3 percent from 509 to 482 m3/s. The irrigation scheme at Arror in Kenya 

will only have a minimal impact on flows with a reduction in average flows downstream in 

the upper Kerio catchment of 0.4 percent. This reduction also includes the effect of urban 

supply upstream in the Kerio catchment.  

Lake water inflows and water levels will be impacted by the planned investments, mainly 

by the increased irrigation at Kuraz and by Gibe V. The increases in domestic water 

supply and the hydropower plant scheme at Arror, which includes irrigation, will only have 

a minimal impact on inflows to the Lake. Water levels in the lake are reduced by around 1 

meter at the end of the model period compared to the baseline.  
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Based on water level alone fish catch per boat will be reduced from 10 tonnes in WRD 1 

to 7 tonnes. However, higher annual water level fluctuations result in longer periods of 

optimal conditions for fishing which could be beneficial for fish production. 

The scenario results of RAM2 are associated with a substantial margin of error. 

Scenario RAM 1 ï Natural Flow Conditions 
The purpose of this scenario is to regenerate some of the mechanisms of natural inflow to 

Lake Turkana while still maintaining sufficient hydropower production upstream. The 

natural flow data available and the flow in WRD 1 were analysed to create an inflow 

requirement which partly mimics the natural flow variations. 

The mean annual water levels of Lake Turkana for WRD 1, RAM 2 and natural flow 

conditions are shown in Figure 0.1. The water level of 362 m.a.s.l is a critical water level 

for the lake as Fergusonôs Gulf dries out below this level. This is one of the major 

breeding grounds for fish and thus has a great importance for fish production in the lake. 

The average annual water level is below this value only in 3 instances for the natural flow, 

while this number is 10 for both WRD 1 and RAM 1. 

 

Figure 0.1 Mean annual water level in Lake Turkana. The black line indicates the water level 

362 m.a.s.l. which is a critical water level for fish production in the lake. 

RAM1 generally causes larger water level fluctuations than WRD 1 although they are not 

as high in the natural flow. There are several years where the natural water level 

fluctuations are within the 1-1.5 m range that is optimal for fish production, but RAM1 is 

rarely in this range. However, there is a clear improvement over WRD 1. The fish catch 

per boat, calculated based on water levels, has increased by 1 tonne on average.  

Total hydropower production from Gibe III and Koysha increases by 2% from WRD1 to 

RAM1. However, while WRD1 has a continuous production over the year and higher 

production in the wet months, RAM 1 has a more gradual variation over the year. Even 

though the total production for RAM1 is slightly higher than in WRD1, there would be 

requirements for alternative power sources in Ethiopia during the dry months while it 

should be ensured that power is not wasted in the wet season.  
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To improve these results, stronger measures would be necessary. Increasing the water 

level would be challenging as this requires less water to be taken out of the system. This 

could primarily be accomplished by reducing the area of the Kuraz Sugar Plantation. It is 

possible that more optimal fluctuations could be achieved with the current system, but 

that would come at the cost of a further reduction of hydropower in the dry season and 

thus of firm power production. Depending on the size of the flows in the wet season, it is 

possible that these would exceed capacity, leading to spilling without production.  

Scenario RAM 2 ï Reforestation, Soil and Water Conservation 
The purpose of this scenario is to assess how reforestation, agroforestry, and soil and 

water conservation measures may reduce flooding, soil erosion, and landslides.  

The likely effect of the simulated soil conservation measures is a considerable reduction 

in overland flow. This along with reforestation will increase evaporation which is why 

groundwater recharge is not proportionally higher in the middle plot in Figure 4.26, only 

slightly. In turn, total runoff is reduced due to increased evaporation.  

This scenario aims at alleviating landslide issues, with reforestation and soil and water 

conservation. Absolute values for indicators, will depend on the given conditions in the 

catchment such as: slopes, rainfall regime, soil types, etc. A better land cover and better 

root network will reduce soil erosion and stabilize the slopes to reduce the risks of 

landslides.  

Scenario RAM 3 ï Enforcing Land and Riparian Legislation 
The purpose of this scenario is to reduce the risk of damage due to Lake Turkana water 

level rise by enforcing riparian land legislation which prohibits building of permanent 

structures and waste disposal within 30m horizontal distance or 2m vertical height of the 

highest recorded water level. 

The maximum water level in Lake Turkana from the model output (in WRD1) is 364 

m.a.s.l which is well below the demarcation of riparian land defined as below 368.8 

m.a.s.l. In RAM 3, construction of buildings is prohibited below 368.8 m.a.s.l.. Therefore 

in RAM 3 no settlements are inundated by the rising water levels of Lake Turkana 

compared to eight settlements inundated in WRD1 on the west side of the lake around 

the Gulf of Ferguson and on the shoreline near Kerio and Eliye springs. 

The maximum water level in Lake Turkana across all scenarios is in scenario CC 2 

(extreme radiation forcing scenario RCP 8.5) where the water level reaches 367 m.a.s.l.. 

This maximum water level is still below the riparian land demarcation level of 368.8 

m.a.s.l... Therefore, if the riparian land enforcement rehabilitation measure from RAM3 is 

applied, there would be no inundated settlements across all future scenarios.  

Scenario RAM 4 ï Transfer to Lake Logipi 
This scenario is based on WRD1 and includes construction of an outlet from Lake 

Turkana to nearby Lake Logipi to make it possible to discharge water from Lake Turkana 

to Lake Logipi in years with high water levels. Water is discharged from Lake Turkana 

when the water level is 364 m.a.s.l. or above and transferred to Lake Logipi. 

The purpose of this scenario is to control flooding due to rising lake water levels by 

constructing an outlet from Lake Turkana to nearby Lake Logipi when the water level is 

364 m.a.s.l.. In the indicators and results we have only looked at the impact of this 

rehabilitation measure on Lake Turkana and the surrounding settlements. We have not 

assessed the impact on Lake Logipi which could be significant given the ecological 

importance of the lake, for example to Flamingoes that frequently inhabit the saline 

waters feeding on cyanobacteria and other plankton (Mathea, 2009). An assessment of 

the construction, operation and maintenance costs of building the infrastructure to deliver 

water from Lake Turkana to Lake Logipi has not been included. 
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In RAM 4 only 4 settlements are inundated on the west side of the lake in the Gulf of 

Ferguson and on the lake shoreline near Kerio. In contrast, in WRD1 8 settlements are 

inundated with lake water levels reaching over 364 m.a.s.l.. These settlements are on the 

west side of the lake around the Fergusonôs Gulf and on the shoreline near Kerio and 

Eliye Springs. In CC2 28 settlements are inundated (with lake water levels reaching over 

367 m.a.s.l) mostly on the west side of the Lake. In WRD1 water levels exceed 364 

m.a.s.l. only in the last two years of simulation, therefore the percentage of years with 

water levels above 364 m.a.s.l. resulting in severe inundation is 10% in WRD1 but 0% in 

RAM4. In contrast, in CC2 the percentage of years with severe inundation is 40% but this 

would be reduced to 0% if the rehabilitation measures from RAM4 were applied.  

Scenarios CC 1 & CC 2 ï Climate Change RCPs 4.5 and 8.5 
The two climate change scenarios are based on RAM1, but with all evaporation and 

rainfall time series replaced with ones that are adjusted to fit the climate change 

projections RCP 4.5 (CC1) and RCP 8.5 (CC2). 

The inflow from the Omo River to Lake Turkana increases with climate change, by 7% in 

CC 1 and 11% in CC 2. Climate change clearly has a significant impact on the water 

levels, which rise in both scenarios. At the end of the modelling period, the water level in 

CC 1 is 2.1 m higher than in RAM 1, and the difference is 2.7 m for CC2. The change in 

inundated settlements is dramatic, rising from 8 inundated settlements in RAM 1 to 20 in 

CC 1 and 28 in CC 2. This clearly shows that significant negative impacts due to flooding 

can be expected in the future and that the events seen in 2020 may become more 

common.  

Fish production as a function of water level increases from an average of 11 

tonnes/boat/year to 14 tonnes in CC 1 and 15 tonnes in CC 2. The percentage of the 

period where the fluctuations are too low with respect to fish production decreases from 

80% in RAM1 to 70% in CC 1 and further to 65% in CC 2. The percentage of years with 

optimal fluctuations increases accordingly. The largest fluctuation in the modelling period 

is just below 2.5 m, which is still much lower than fluctuations of 4 m which are assessed 

to be detrimental.  

Power production falls in all the Ethiopian hydropower plants, while it increases for 

Turkwel in Kenya. The largest relative reduction happens for Gibe II, where production 

decreases by 13.1% and 18.1% in CC1 and CC2, respectively. The smallest decrease 

happens for Koysha, where it is only around 1%. In all cases, the effects of climate 

change (increase/decrease) are largest in CC2, with the exception of Koysha where the 

difference between the two is very small. The total power production in the basin drops by 

5.1% and 7.2% in CC1 and CC2, respectively. 

It seems counterintuitive that the lake inflow from the Omo River increases while power 

production in Ethiopia decreases. The explanation can be found in the distribution of the 

climate change factors for rainfall. While rainfall is set to increase in most of the basin, 

there are decreases in the northern parts which is where most of the water in the 

upstream part of the Omo River is generated. Major increases in rainfall happen 

downstream of Gibe III and especially Koysha, thus explaining the increased inflow to the 

lake.  

Modelling of Key Basin Issues  

The impact of the different scenarios on selected key issues are compared and discussed 

with focus on rehabilitation measures and climate change. To this end the Key Result and 

Trade-off plots from the Planning App were used. 
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Impact on Lake Turkana Water Level 
For RAM 2, RAM 3 and RAM 4 the mean annual water level is almost identical to WRD1. 

Although the main focus for RAM1 is to increase the annual fluctuations in the lake, it 

also results in a slight accumulated increase in the water level of 0.58 m as compared to 

WRD1. WRD 2 scenario, results in a substantial decrease in the lake water level as the 

accumulated difference over the simulation period is about 1.16 m compared to WRD1. 

As a result, the mean annual water level is below the critical 362 m.a.s.l. for all simulation 

years except three. On the other hand, the water level does not exceed 364 m.a.s.l. 

during the simulation period. 

 

Figure 0.2  Variation in mean annual water level (m.a.s.l.) in Lake Turkana for all scenarios 

during the whole modelling period. Note that results for WRD1, RAM2, RAM3 and 

RAM4 overlap. 

Both climate change scenarios result in a marked increase in the water levels in Lake 

Turkana. The accumulated water level difference over the simulation period is 1.98 and 

2.48 m higher for CC 1 and CC 2, respectively, than for RAM 1 used as baseline. Thus, 

the mean annual water level is above 362 m.a.s.l. for most of the years. On the other 

hand, there is a substantial number of years where the water level is above 364 m.a.s.l., 

where severe flooding of settlements will start to occur.  

Impact on Annual Water Level Fluctuations of Lake Turkana 
It has been shown in scenario RAM 1 that it is possible to increase the annual water level 

fluctuations from 0.72 to 0.89 m as illustrated in the figure below. Though not optimal (1-

1.5 m) it is a considerable improvement. It has also been shown that at the same time it 

has been possible to maintain and even slightly increase the total hydropower production. 

The firm power1 production logically has decreased due to the introduced seasonality, so 

a larger part of the total hydropower production is secondary power2.  

 

1 Mean annual firm energy production from hydropower plants, corresponding to energy production, which can be 

delivered 90% of the time. 

2 Mean annual firm energy production from hydropower plants, corresponding to energy production, which can be 

delivered 90% of the time. 

                 2                 4                  6                 8                 10                12               14                16               18               20   
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Figure 0.3  Impact of RAM1 on Mean Annual water level Fluctuations in Lake Turkana, Total and 

Firm Hydropower Production in the basin. It has been possible to increase 

fluctuations and maintain the total hydropower production. 

Hydropower Production 
The impact of the different scenarios on the hydropower production is summarized in 

Table 0.1. RAM2, RAM3, and RAM4 are all unchanged from WRD1 as no changes have 

been made to affect the reservoirs in these scenarios. A significant increase in 

hydropower production happens from WRD1 to WRD2 due to the introduction of two new 

reservoirs / hydropower plants, namely Gibe V in Ethiopia and Arror in Kenya. 

Table 0.1 Total, firm, and secondary hydropower production (GWh/year) in the basin for all 

eight scenarios. 

  WRD1 WRD2 RAM1 RAM2 RAM3 RAM4 CC1 CC2 

Total Hydropower  
Production 

14,702 17,144 14,925 14,702 14,702 14,702 14,165 13,844 

Firm Hydropower  
Production 

12,076 13,848 7,353 12,076 12,076 12,076 7,011 6,914 

Secondary Hydropower  
Production 

2,626 3,296 7,573 2,626 2,626 2,626 7,154 6,930 

 

For RAM1, the total hydropower production is nearly unchanged and in fact slightly 

increased compared to WRD1. The introduced seasonality in the hydropower production 

inevitably has resulted in a decrease in firm power, so a larger portion of the total power 

production is secondary power. However, if connected to an energy grid with other 

energy sources, the hydropower production may be supplemented by the other sources 

during the dry season when less hydropower is produced. In this case the decrease in 

firm power may not be critical and this provides an opportunity for restoring some 

fluctuations in the lake while still meeting Ethiopiaôs energy needs. 

For the climate change scenarios, the total hydropower production in the basin decreases 

by 3.7% for CC1 and 5.8% for CC2 when comparing to WRD1. There is an increase in 

production in Kenya, and reduction solely happens in Ethiopia, due to reduced runoff 

from the northern parts of the basin. Although climate change projections are uncertain, it 
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is a potential issue of concern for Ethiopia that their hydropower schemes may generate 

less output in the future.  

Fishery 
The values of the fishery indicators are summarized in Table 0.2. RAM2, RAM3, and 

RAM4 are all unchanged from WRD1. WRD2 has a small positive impact on the water 

level fluctuations, with one year (5% of the simulation period) moving from too small to 

optimal. However, the falling water levels have a negative impact on fishery and the water 

level-based indicator decreases from WRD1 to WRD2.  

The climate change scenarios both have an apparent positive impact on the two types of 

fish production indicators. A conflict exists because as the increasing water levels and 

fluctuations present better conditions for fishery, flood risk also increases. It is likely that 

the people dependent on a high fish production are the same people who have settled 

close to the lake and are therefore affected by flooding.  

Table 0.2 Fishery indicators for all scenarios. Small fluctuations are below 1 m, optimal are 1-

1.5 m, neutral are above 1.5 m and below 4 m, and too large are 4 m and above. 

 

WRD1 (RAM2, 
RAM3, RAM4) 

WRD2 RAM1 CC1 CC2 

Years with too small fluctuations [%] 85 80 80 70 65 

Years with optimal fluctuations [%] 10 15 10 20 25 

Years with neutral fluctuations [%] 5 5 10 10 10 

Years with too large fluctuations [%] 0 0 0 0 0 

Fish catch from water level [tons/boat] 10 7 11 14 15 

 

Crop Production 
The yearly production of maize and sugar cane production per country is shown in Table 

0.3 for all scenarios. WRD2 shows the largest change due to a new irrigation scheme, 

Arror in Kenya, growing maize and an expansion of the Kuraz Sugar Cane Plantation. 

RAM1 result in a marginal decrease of maize in Ethiopia but is otherwise unchanged. 

RAM2 show a small reduction of maize in Kenya. Maize in both countries decreases 

slightly for the climate change scenarios. None of these changes, with the exception of 

WRD2, are significant. 

Table 0.3 Production of maize and sugar cane (tonnes) in Kenya and Ethiopia in all scenarios. 

 

WRD1 (RAM3, 
RAM4) 

WRD2 RAM1 RAM2 CC1 CC2 

Maize - Ethiopia 50,872 50,872 50,767 50,872 50,779 50,758 

Maize - Kenya 46,858 48,500 46,858 46,828 46,831 46,772 

Sugar cane - Kuraz 
(Ethiopia) 

3,953,191 5,847,916 3,953,191 3,953,191 3,953,191 3,953,191 

 

Lake Turkana Flooding and Possible Adaptation Measures 
WRD 1, RAM 1, RAM 2 and RAM 3 all experience severe water levels (i.e., larger than 

364 m.a.s.l.) 10% of years, the number of settlements which may be inundated at least 

once during the entire simulation period is 8, expect for RAM 3 which is 0. For both WRD 

2 and RAM 4 the percentage of years with severe water levels is zero, yet for different 

reasons. In WRD 2 the increased abstraction results in a considerable reduction of the 

water level in the lake. In RAM 4 water is discharge to Lake Logipi when reaching 364 

m.a.s.l., therefore, the water level does not exceed 364 m.a.s.l..  
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Climate change will likely have a negative impact on the same population due to the 

significant increase in óPercentage of years with Severe Water Levelsô indicator. As a 

result, there will be a considerably increased risk of flooding with more settlements 

around the lake being inundated if no adaptation measures are implemented. Severe 

abrupt flooding like the one in 2020, has been relatively rare, yet climate change 

projections foresee that this may become a more regular, if no adaptation measures are 

put in place.  

  

Figure 0.4 Riparian land demarcation (red) and Lake Turkana water level 364 m.a.s.l. (blue) 

with existing location of settlements. 

An alternative solution to the flood adaptation measures of RAM 3 and RAM 4 to address 

the projected increased inflow to the lake, could be to abstract more water in the 
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upstream catchments, both the Kenyan as well as the Ethiopian parts of the basin. This 

situation has potential mutual gains whereby Ethiopia could abstract more water to 

increase their agricultural production and at the same time help avoid flooding in Kenya 

around Lake Turkana.  

Limitations and uncertainties 

It is important to note that the models used for this study, while checked and calibrated to 

the best extent possible, have some limitations and uncertainties. Most importantly, there 

has been a lack of data for e.g. river discharge, reservoir management, properties of 

current and planned investments, fish production, etc. The climate change scenarios are 

also based on assumptions about future global greenhouse gas emissions and their 

impact on regional climatic patterns, known as the cascade of uncertainty in climate 

change projections. 

For this reason, as comprehensive as the study has been at the basin and transboundary 

level, the conclusions presented should be taken as an indication of the impact of 

different measures. In future studies, exact values of hydropower production or lake water 

level should be used to illustrate the order of magnitude of values and trends. More 

accurate data on irrigation and livestock water use can also reduce uncertainty. Future 

work on climate change projections work should focus on clustering a large number of 

climate change scenarios with statistical analysis of likelihood of and confidence in the 

different scenarios. 
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1 Introduction 

1.1 Project Background 

As part of the tripartite project, between the Federal Democratic Republic of Ethiopia, the 

Republic of Kenya and the United Nations Environment Programme (UNEP), on óSupport 

to Sustainable Development in Lake Turkana and its River Basinsô is being carried out by 

the UNEP-DHI Centre on Water and Environment. The project is co-funded by the 

European Union Emergency Trust Fund for Africa, through its project on "Support for 

Effective Cooperation and Coordination of Cross-border Initiatives in Southwest Ethiopia-

Northwest Kenya, Marsabit-Borana & Dawa, and Kenya-Somalia-Ethiopia (SECCCI)ò. 

The overall SECCCI objective is to ensure the effective cooperation and coordination of 

cross border initiatives. 

The specific objectives of the project óSupport to Sustainable Development in Lake 

Turkana and its River Basinsô are the following:  

Establishing a common scientific understanding of the Lake and its River basins 

Set up a monitoring system for Lake Turkana and its River Basins 

Capacity building in Transboundary Water Management (TWM) and 

transboundary dialogue activities to build trust, confidence, cooperation and a 

shared vision 

Implementing pilot demonstrations for ecosystems rehabilitation. 

1.2 Purpose of this Report 

This report is the final deliverable of óActivity 3B ï Planning pilot rehabilitation projectsô, 

generated under óSub activity 3B.4 Reportingô. This report builds on the identification of 

environmental degradation hotspots areas documented in óESS Hotspot Identification and 

Baseline Model reportô (UNEP-DHI, 2020c) and the conceptualization and detailed 

description of the scenarios documented in óScenarios, Rehabilitation Measures and 

Indicator Framework reportô (UNEP-DHI, 2020d). The latter consisted in the selection of 

possible rehabilitation measures, the establishment of scenarios to be modelled as well 

as an indicator framework and the setup of the Planning application of the Transboundary 

Monitoring Observatory portal. 

Hence, this report documents the work carried out under Activity 3B, where the Planning 

application of the Transboundary Monitoring Observatory is applied to support planning 

decisions with regards to rehabilitation and adaptation measures.  

The remainder of this report is structured in the following way:  

- Chapter 2 ï description of the methodology applied 

- Chapter 3 ï description of the indicator framework 

- Chapter 4 ï results from scenario modelling 

 Chapter 5 ïcomparison of the scenarios for Lake Turkana and its River 

Basins 

- Chapter 6 ï conclusions 

- Chapter 8 ï list of references. 
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2 Methodology 

Support to planning decisions with regards to rehabilitation measures is based on 

providing stakeholders with means to analyze the trade-offs between the selected project 

scenarios, and the application of the Multi-Criteria Decision Analysis method.  

The project scenarios, described in detail in the óScenarios, Rehabilitation Measures and 

Indicator Frameworkô report, consist of a combination of Water Resources Developments 

(WRD), Climate Change projections (CC) and Rehabilitation and Adaptation Measures 

(RAM). The interdependencies between scenarios are summarized in Table 2.1. 

The Planning application of the TMO3 is at the core of the methodology consisting of four 

main steps:  

1. Extraction of the results, calculation of indicators and upload to the Planning app 

2. Comparison of indicators across scenarios using tables and maps to analyse the 

impacts  

3. Use of the MCDA method to explore the trade-offs between scenarios and possibly 

reveal  conditions where mutual gains for the basin countries could be achieved 

4. Workshop where stakeholders apply the Planning app to understand the scenarios, 

the indicators and discuss which are the most preferred alternatives 

 

Table 2.1 Summary of the project scenarios consisting of a combination of water resources 

development (WRD), rehabilitation and adaption measures (RAM) and climate 

change projections (CC). 

ID 
 

S0 S1 S2 S3 S4 S5 S6 S7 S8 

  Water Resources Development                  

WRD 0 Present situation X                

WRD 1 Planned Development by 2025   X  X X X X   

WRD 2 Full development of Planned Hydropower and 

Irrigation in the Basin by 2040 
    X       

 
Rehabilitation and Adaptation Measures                  

RAM 1 Creating natural flow conditions        X       X  X 

RAM 2 Reforestation and soil and water conservation         X         

RAM 3 Enforcing Riparian Land Legislation           X       

RAM 4 Transfer to Lake Logipi flood retention basin       X   

   Climate Change Projections                  

CC 1 Near Future (2030-2050), RCP 4.5               X   

 

3 The planning application can be accessed at www.omoturkana-tmo.org  

http://www.omoturkana-tmo.org/


21 

ID 
 

S0 S1 S2 S3 S4 S5 S6 S7 S8 

CC 2 Near Future (2030-2050), RCP 8.5                X 

 

2.1 Calculation and Upload of Indicators 

To evaluate the impacts of the scenarios an indicator framework was proposed by the 

project team and discussed with the stakeholders. 

An attempt was made to establish a framework that covered all relevant sectors namely: 

Agriculture, Economy, Energy, Environment, Fishery, Social Welfare, Water Resources 

and Water Supply & Sanitation. 

Efforts to collect field data were carried out, mainly in the Kenyan part of the basin, to 

enable the conceptualization and calculation of relevant indicators. These efforts resulted 

in the calculation of the following: 

- Annual lake water level fluctuations 

- Fish production indicators 

- Households with farm holdings 

- Labour division indicator 

- Net Present Value for hydropower 

- Net Present Value for irrigation 

- Percent of years where water levels result in severe inundation 

- Salinity indicator 

- Settlements affected by inundation 

Chapter 3 presents in detail all indicators used and how they are calculated, whereas 

chapter 4 presents the results from the scenario modelling providing a detailed 

description of the scenarios themselves and the indicators their results inform. 

2.2 Comparison of Scenarios in the Planning Application 

The Planning application of the TMO portal (landing page shown in Figure 2.1) was set 

up to include all project scenarios, existing and planned investments (shown in Figure 

2.2), aggregation levels and the indicator results for each scenario uploaded. 
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Figure 2.1 Landing page of the Planning application and functionality for setup of scenarios and 

investments highlighted in red. 

 

Figure 2.2 óExistingô and óPlannedô investments in the Planning application. 

To understand the indicators and compare the performance of the scenarios, individually 

and collectively, the Planning app provides the óScenario Resultsô functionality, a table 

where the decision-maker can view all indicator results for all sectors. In addition, there is 

also the óScenario Results Mapô functionality, a graphical tool that allows the user to 

compare all possible combinations of scenarios, indicators, and aggregation levels (see 

Figure 2.3). 

List all investments 

Interactive map 
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Figure 2.3 Scenario results comparison functionality within the Planning application. 

These functionalities allow the decision-maker to visualize and analyze the results. This 

means that it is possible for example, to investigate the effects of building new 

hydropower sites and reservoirs in the basin, namely Arror in Kenya and Gibe V in 

Ethiopia, by assessing the indicators for scenario WRD 2. In parallel, by adding the 

baseline scenario WRD1, it is possible to investigate across scenarios the impact of 

these measures. As illustrated in Figure 2.4, the two maps show the Total Hydropower 

Production (GWh/year) at hydropower sites. WRD 1 scenario includes 5 hydropower 

stations, while WRD 2 scenario includes an additional 2. Another example of an energy 

sector indicator is shown in Figure 2.5. 
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Figure 2.4 Comparison of scenarios WRD 1 (baseline) and WRD 2 (full development) using the 

Total Hydropower Production (GWh per year) indicator using the óScenario Results 

Mapô functionality. 

 

Figure 2.5 Comparison of scenarios WRD 1 (baseline) and WRD 2 (full development) using the 

Firm Hydropower Production (GWh per year) indicator, when hovering over the 

location of the Turkwel hydropower plant the label displays the indicator result for 

both scenarios. 

All indicators can also be displayed for different levels of aggregation, by changing the 

Aggregation of the Indicators. This can help to assess the effects of an investment in a 

basin or a region.  
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The óScenario Resultsô table was used to display indicator results grouped by sector - 

Agriculture, Economy, Energy, Environment, Fishery, Social Welfare, Water Resources 

and Water Supply & Sanitation, for each individual investment (see Figure 2.6 and Figure 

2.7). 

 

Figure 2.6 Comparison of baseline scenario WRD 1, RAM 1 (partly regenerating natural flow 

conditions), CC 1 and CC 2 (climate change), using the óScenario Resultsô 

functionality, the table showing indicators aggregated at the basin level. 

 

Figure 2.7 Comparison of baseline scenario WRD 1 and the rehabilitation and adaptation 

scenarios RAM 1 to 4 at the basin level. Indicators appear grouped per sector. 

In this step of the methodology, the project team and the stakeholders, apply the 

Planning application to obtain a deep understanding of the differences between 
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scenarios, and conclude on what are the most important indicators to carry over into the 

next step. 

 

3 Indicator Framework 

To evaluate the impacts of the scenarios an indicator framework was proposed by the 

project team and discussed with the stakeholders. Table 3.1 summarizes the framework 

presenting the name, unit and description of each indicator used in this project.  

Table 3.1 List and description of the indicators to evaluate the scenarios. 

Category/ Indicator Units Description / Calculation method 

Agriculture 

Maize production tonnes/year The mean annual maize production from 

irrigation in the basin. 

Millet production tonnes/year The mean annual millet production from 

irrigation in the basin. 

Perennial sugar 

cane production 

tonnes/year The mean annual sugar cane production from 

irrigation in the basin (Kuraz Sugar Plantation). 

Sorghum 

production 

tonnes/year The mean annual sorghum production from 

irrigation in the basin. 

Economic 

Net Present Value 

(NPV) Formal 

irrigation  

USD This is the net present value for formal 

irrigation schemes. Costs includes both 

investment costs and operation and 

maintenance (O&M) costs while the benefits 

are the net benefits of the crops produced. 

Net Present Value 

(NPV) Hydropower 

USD This is the net present value for hydropower 

plants. Costs includes both construction costs 

and O&M costs while the benefits are the 

value of the energy produced. 

Energy 

Firm Hydropower 

Production 

GWh/year This is the mean annual firm energy production 

from hydropower plants, corresponding to 

energy production, which can be delivered 

90% of the time. 

Secondary 

Hydropower 

Production 

GWh/year This is the mean annual secondary energy 

production from hydropower plants, which 

corresponds to the difference between total 

and firm energy production. 
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Category/ Indicator Units Description / Calculation method 

Total Hydropower 

Production 

GWh/year This is the mean annual energy production 

from hydropower plants. 

 

 

Environment 

Critical river flow m3/s Critical flow is the flow exceeded 80 percent of 

the time (Q80). 

Environmental flow m3/s Environmental flow is the flow exceeded 95 

percent of the time (Q95). 

Minimum flow m3/s Minimum flow is the flow exceeded 98 percent 

of the time (Q98). 

Fishery 

Fish production vs. 

water level 

tonnes wet 

weight per boat 

This indicator calculates fish production based 

on an equation developed by Kolding (1989), 

which relates fish catch to water level the 

previous year. 

Fish production vs. 

water level 

fluctuations 

% of years with 

too Low, 

Neutral, 

Optimal, or too 

High water 

level 

fluctuations 

This indicator describes the water level 

fluctuations and their impact on fish production 

with a relative scale based on local knowledge. 

Social welfare 

Households with 

farm holdings 

within formal 

irrigation schemes 

Number of HH This indicator calculates the number of 

households within formal irrigation schemes. 

Inundated 

settlements 

Number of 

settlements 

How many settlements are inundated at least 

once during the simulation period. 

Labour division minutes/individ

ual 

/month 

This indicator calculates the time spent to fulfil 

water demands that are not met by the supply 

connection from the nearby river. It is 

segregated by gender. 

Water resources 

Groundwater 

recharge index 

% This is an index describing the groundwater 

recharge as a percentage of the recharge in 

WRD1. 
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Category/ Indicator Units Description / Calculation method 

Maximum storage 

volume 

Mm3 This is the maximum mean annual storage that 

occurs in the simulation period. 

Mean annual lake 

level fluctuations 

m This describes the differences between the 

maximum and minimum water level within 

each year of the simulation period. 

Mean river flow  m3/s This indicator represents the mean annual flow 

at selected important locations. 

Minimum storage 

volume 

Mm3 This is the minimum mean annual storage that 

occurs in the simulation period. 

Overland flow 

index 

% This is an index describing the overland flow 

as a percentage of the overland flow in WRD1. 

The overland flow is the part of the excess 

rainfall that does not infiltrate. 

Percentage of 

years with severe 

water level 

% This indicates the percentage of years where 

the water level in Lake Turkana exceeds the 

critical water level 364 m.a.s.l which causes 

severe inundation. The indicator does not take 

into account whether this happens more than 

once in a given year.  

Salinity in the lake % of years 

under Highly 

saline, 

Moderately 

saline, Slightly 

saline, Low 

salinity 

conditions 

This indicates the mean annual salinity in the 

lake during the simulation period. It is based 

on a simplified dilution approach, whereby the 

change in lake water level and corresponding 

change in lake volume is proportional to the 

change in conductivity/salinity obtained from 

observations. The indicator expresses the 

percentage of years salinity in the lake is 

falling under each category. 

Storage volume Mm3 This the mean annual stored volume in the 

reservoirs. 

Total runoff index % This is an index describing the total runoff as a 

percentage of the total runoff in WRD1. 

Water level m.a.s.l. This is the water level in lakes and reservoirs. 

Water supply and sanitation 

Reliability of 

Supply 

% This expresses the extent to which the water 

demands for a given water user has been 

fulfilled. It is calculated as (Total amount of 

water supplied)/(Total amount of water 

demanded)*100 
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The sections that follow describe in detail the indicators that have been developed 

specifically for the purpose of this project supported by literature, observations and field 

data collection carried out in Kenya during the project implementation period.  

Fish Production Indicators 
There are two indicators for fish production: one related to the water level fluctuations and 

one related to the absolute water level. 

It is known that the annual lake level fluctuations are important for fish production. 

According to local knowledge, fluctuations of 1-1.5 m are optimal, while fluctuations of 4 

m or more are detrimental. Since it is known that fluctuations are necessary, it has been 

assumed the fluctuations of less than 1 m are also detrimental, leading to the relative 

scale in Table 3.2. 

Table 3.2 Relative scale for fish production related to lake water level fluctuations. 

Fluctuation Category 

Less than 1 m Detrimental (low) 

1-1.5 m, both included Optimal 

Above 1.5 m and below 4 m Neutral 

4 m and above Detrimental (high) 

 

For the correlation to mean water levels, an equation developed by Kolding (1989) is 

used. Using data from 1962-1988, he has developed a regression correlating fish catch 

per boat to mean water level the year before in the following way: 

ώ ςςȢρυ σȢψχὼ 

Here y is the yield per boat in tonnes wet weight, and x is the mean water level in metres 

the previous year. The water level values have the datum 365 m.a.s.l., where ὼ π. The 

yield reaches 0 at a water level of approximately 359.5 m.a.s.l., so it is assumed that 

water levels below this value result in no fish production. 

Local knowledge tells us that at water levels below 362 m.a.s.l led to Fergusonôs Gulf 

drying out which has significant negative impact on the fish breeding. This is not explicitly 

included in the in the indicator, but it is assumed that the impact of this will be reflected in 

the lower yields calculated by the formula at this water level. 

Households with Farm Holdings 
This indicator calculates the number of households that are within formal irrigation 

schemes. According to local knowledge of Turkana County, irrigation schemes of 61,000 

ha correspond to 25,000 households, giving approximately 2.5 ha per household. It is 

assumed that this value can be used throughout the basin. This indicator is then 

calculated by dividing the area of the irrigation schemes included by 2.5 ha to get the 

number of households in each. 

Labour Division Indicator 
According to local knowledge, 79% of water fetchers are women or girls. This has been 

translated into that 79% of the deficit is fetched by women. 

According to Sorenson, et al., (2011) a typical estimate is that a water carrier walks 0.62 

miles (1 km) to fetch 5 gallons (19 L) of water and then walks 0.62 miles back. It has 
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been assumed that the outward walking speed is 4 km/h and the homebound walking 

speed 3 km/h. This corresponds to 35 minutes for fetching 19 L of water. 

According to local knowledge, men in Turkana typically use animals or pull carts for 

fetching water. It is assumed that they use donkeys which walk at a speed of 6 km/h 

(Thornton-O'Connell, n.d.). It is assumed they carry 40 L of water. According Ellis (2019) 

a standard donkey can carry around 125 pounds, corresponding to approximately 55 kg. 

Putting the weight lower in the calculations is to make up for the fact that some men will 

be walking with pull carts or carrying water themselves. With these assumptions, men 

spend 20 minutes fetching 40 L of water. 

Additionally, 3 minutes are added for filling containers for women and 6 minutes for men. 

This is based on the assumption that filling a 20 L container will take 1 minute 

(International Federation of Red Cross and Red Crescent Societies, 2020) and that there 

will be some queuing for the pump. 

The indicator is focused on the 13 towns that are included in the model. Each is 

connected to a river branch, and it is assumed that the water coming from here is 

distributed to the households without significant labour for the inhabitants. Thus, only the 

time needed to collect the deficit (the difference between water demand and supplied 

water) is taken into account in this indicator. 

The time consumption is then calculated by dividing the monthly deficit in m3 between 

men and women (79% for women and 21% for men). It is then calculated how many 

rounds are needed to fulfil the deficit, assuming 19 L are fetched per round for women 

and 40 L for men. The number of rounds is then multiplied by the time one round takes 

(38 minutes for women and 26 minutes for men). The time is then divided by the number 

of men and women, respectively, in the given town to get the time per individual, and an 

average is taken to get the time per individual per month. 

Net Present Value for Hydropower 
The Net Present Value (NPV) calculates the present worth of investments. It requires the 

initial investment costs, operation and maintenance costs, and the benefits of the project. 

For hydropower the benefits are calculated from the energy production, which is 

calculated by the model, and the energy price. Based on local knowledge, the energy 

price in Kenya is estimated at 0.0236 USD/kWh and in Ethiopia at 0.05 USD/kWh. The 

discount rate is set to 0.08, based on local knowledge. 

The costs are the construction costs and the operation and maintenance costs. The latter 

are estimated as 2% of the construction costs per year (Energy Technology Network, 

2010) (Houston, 2015). The construction costs and maintenance costs for all included 

hydropower plants and reservoirs are thus as shown in Table 3.3. For Gibe V and Arror 

construction costs could not be found but based on the other HPPs it seemed that there 

was a correlation between construction costs and installed capacity. This was used to 

estimate the construction costs for these two reservoirs. 

Table 3.3  The construction costs and operation and maintenance costs for the HPPs included 

in the study. The operation and maintenance costs are estimated as 2% of the 

construction costs. 

Hydropower 

plant 

Construction 

costs (million 

USD) 

Operation and 

maintenance 

costs (million 

USD) 

Source for construction costs 

Gibe I 331.4 6.628 (Hathaway, 2008) 

Gibe II 600 12 (Hathaway, 2008) 

Gibe III 1,700 34 (Hathaway, 2008) 

Koysha 2,800 56 (Seifu, 2016) 
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Hydropower 

plant 

Construction 

costs (million 

USD) 

Operation and 

maintenance 

costs (million 

USD) 

Source for construction costs 

Turkwel 165.7 3.314 (Kenya Kroll Report, n.d.) 

Gibe V 740 14.8 

Estimated based on correlation 

between cost and installed capacity 

in other HPPs 

Arror 140 2.8 

Estimated based on correlation 

between cost and installed capacity 

in other HPPs 

The net present value is then calculated for each year as  

ὔὖὠ
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where r is the discount rate and t is the number of years since year 0. The yearly NPVs 

are summed over the simulation period with the construction costs included as a negative 

cash flow in year 0, and the final value is presented as the NPV indicator. The indicator is 

in USD. 

Net Present Value for Irrigation 
The Net Present Value (NPV) calculates the present value of investments. It requires the 

initial investment costs, operation and maintenance costs, and the benefits of the project. 

For irrigation the benefits are calculated from the crop production, which is calculated by 

the model, and the crop price.  

The crop prices per kg for maize (0.33 USD), sorghum (0.58 USD) and millet (0.90 USD) 

are average retail market prices in Kenya (2018 humdata.org), and the crop price for pre-

processed sugar (0.091 USD) is from local expert knowledge.    

The costs are the construction costs and the operation and maintenance costs. The 

construction cost (3,796 USD per hectare) is estimated from a small-scale irrigation 

scheme in Ethiopia (FAO, 2003). 

The operation and maintenance cost (25.88 USD per hectare) includes annual capital 

cost, maintenance cost and labour cost estimated from a traditional gravity irrigation 

scheme in Tanzania for maize (FAO, 1997).  

For sugar, the additional construction cost of the Kuraz plantation factories was added. 

For all scenarios except WRD2 this additional construction cost is 460 million USD 

estimated from the cost of building Omo Kuraz II (170 million USD) (The Reporter, 2017) 

and Omo Kuraz III (290 million USD) (Nazret.com, 2018). For WRD2 scenario, the 

construction cost also included an estimate for the cost of building factory Omo Kuraz V 

(700 million USD) (Kamski, 2016). 

The discount rate is set to 0.08, based on local knowledge. 

Percent of Years Where Water Levels Result in Severe Inundation 
This is the percent of years in the simulation period where the water levels are above 364 

m.a.s.l. GIS investigations have shown that this water level results in severe inundation of 

a number of settlements around Lake Turkana (described in UNEP-DHI, 2020d). 

The indicator calculates the maximum each year and finds the number of years in which 

the maximum exceeds 364 m.a.s.l. The indicator does not distinguish between whether 

severe inundation occurs only once a year or several times within a year. 
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Salinity Indicator 
The salinity indicator estimates the change in Lake Turkana salinity level or conductivity 

level as a function of the lake water level. It is based on a simplified dilution assumption. 

The change in lake water level and corresponding change in lake volume is proportional 

to the change in conductivity/salinity. 

Half the lake volume corresponds to double salinity (ppm). Field data from KMFRI 

reported in Avery 2012, and more recent data provided have been used to develop the 

indicator. The salinity varies horizontally and with depth for Lake Turkana and 

consequently data collected near the surface in the central part of the lake have been 

used as a measure of lake salinity.  

USGS salinity classes (freshwater ï hyper saline) have been used, see Table 3.4. The 

indicator expresses the percentage of years salinity in the lake is falling under each 

category. Lake Turkana water is currently described as brackish with main lake 

conductivity measurements in the range of 3000 ï 4000 µS/cm. 

Table 3.4 USGS salinity classes used in the indicator. 

Salinity indicator Range Range, conduct 

  ppm µS/cm 

Highly saline > 10000 > 15000 

Moderately saline 3000-10000 4500-15000 

Slightly saline 1000 - 3000 1500-4500 

Low salinity < 1000 < 1500 

 

Settlements Affected by Inundation 
This indicates the number of settlements that are inundated at least once during the 

entire simulation period. 

It has been investigated how many settlements are inundated at different water levels. 

Water levels in a range of 360-369 with 1 m intervals have been investigated. The 

indicator then calculates the maximum water level in the simulation period and checks the 

number of settlements that are inundated at this level (see Table 3.5). A settlement is 

defined as inundated when the water from Lake Turkana reaches at least one household 

or building in the settlement. The indicator does not show how frequently settlements are 

inundated. 

Table 3.5 Number of settlements inundated at various Lake Turkana water level intervals 

Lake Turkana water level (m.a.s.l) Number of inundated settlements 

360 0 

361 0 

362 0 

363 4 

364 8 

365 14 

366 20 

367 28 

368 29 

369 29 
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4 Scenario Modelling 

 

The following subchapters present the impacts of each scenario in detail when compared 

with the baseline scenario WRD 1. Figure 4.1 captures the name and a brief description 

of each scenario. The key results from the models are extracted and discussed to reveal 

their impacts. Also, to this end, the most important indicators are examined using the 

Planning application. For each scenario, the discussion of impacts is organized per 

relevant sector. 

 

Figure 4.1 Brief description of each scenario as set up in the Planning app. 

4.1 WRD 1: Planned Development by 2025 

4.1.1 Background 

WRD 1 is the baseline scenario including hydropower and irrigation developments that 

are expected to be developed by the year 2025. The scenario is the point of departure for 

future development scenario WRD 2 and all the rehabilitation scenarios: RAM 1, 2, 3 and 

4. The baseline model setup is described in detail in the previous report: Support to 

Sustainable Development in Lake Turkana and its River Basins - ESS Hotspots 

Identification and Baseline Model (UNEP-DHI, 2020c) including the main inputs, model 

calibration and some results. 
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The key results from the model in terms of hydropower production, crop production and 

irrigation, lake water levels and lake inflows as well as baseline fishing conditions are 

presented below. 

4.1.2 Results 

Hydropower 
Hydropower in the Omo-Turkana basin is produced from five hydropower power plants, of 

which the four largest are located in Ethiopia. The firm, secondary and total hydropower 

production from each station estimated using the water resources model are summarised 

in Figure 4.2. Ethiopia has the largest energy production from hydropower accounting for 

98 percent of the total hydropower production in the basin.  

The hydropower plants have a significant effect on the stream flow hydrology 

downstream of the dams and further downstream on the hydrology of Lake Turkana. As a 

rule, the average annual river flow volumes downstream of the reservoirs are only 

affected to a small degree due to evaporation and rainfall, unless the reservoirs are also 

used for irrigation and domestic water supply. However, reservoir operation has an 

impact on the flow regime by increasing low flows and reducing peak flows. This is 

illustrated for Gibe III in Figure 4.3 showing the inflows to the reservoir compared with the 

outflows downstream of the hydropower plant for the simulation period of 20 years. The 

plots show how the flows are smoothed out over time and increased during dry periods 

due to hydro power operation. The small difference in average in- and outflow is due to 

net precipitation and storage changes in the reservoir. 

The effect of the reservoirs on low flows into Lake Turkana will be less pronounced than 

immediately downstream of Gibe III due to catchment flow entering the Omo River from 

tributaries further downstream but they will nevertheless have an impact on the seasonal 

variation of the lake water level. 

 

Figure 4.2 Total hydropower production from each hydropower plant in the Omo-Turkana basin, 

screenshot from the Planning Tool. 






































