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Abstract  

An effort has been made to understand the impact of climate change on hydro-climatology, yield, 

hydropower, and reservoir performance in the upper Blue Nile basin, Ethiopia. The projected 

change of the climate variables was assessed by using four CORDEX-AFRICA regional climate 

models for two climate change scenarios (RCP 4.5 and RCP 8.5). The bias inside the RCM models 

was corrected with the observed climate data. The spatial pattern of mean Blue-water-flow (which 

is the sum of the basin water yield and aquifer recharge, mm/year) for the baseline (1982 – 2005) 

was simulated using observed historical climate data. The future Blue-water-flow availability was 

simulated using an ensemble of the four bias-corrected RCMs; the outputs averaged for the period 

(2027 – 2050). The projected change of blue water flow is primarily due to the variation in 

temperature and rainfall under both RCP scenarios.  

The impact of the changing climate on irrigation water demand and yield of sugarcane was also 

evaluated for the baseline and the two future RCP scenarios at 19 sites in the existing and proposed 

reservoir command areas. The projections of gross irrigation water demand (GID) for the dry 

season (November to May) are predicted to increase for almost all command areas compared to 

demand in the baseline period. Though minor drops in demands on the monthly scale were 

witnessed, the overall annual irrigation water demands for sugarcane are projected to grow in all 

command areas. The contribution of improved irrigation efficiency as an adaptation tool to save 

water was also assessed. The changes in yield, biomass, and water productivity are evident under 

the two RCP scenarios relative to the baseline period, and the result shows a difference in the 

impact of each scenario and the range of spatial variability in the command area. The most 

substantial projected change in sugarcane yield for RCP 8.5 and RCP 4.5 climate scenarios is 

estimated at the Lower Guder command area; the yield is expected to increase by 32.8% and 
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27.1%, respectively. The projected biomass and yield are generally higher under RCP 8.5; this 

could be due to the CO2 effects on the crop that may, to some extent, compensate for the stress 

that the RCP 8.5 climate conditions impose on the crop, resulting in the small biomass and yield 

increases. 

The impact of the changing climate on the performance of the Lake-Tana-multipurpose-reservoir 

system was also investigated, and adaptive strategies for likely future scenarios were developed. 

The projected change in the mean monthly inflow during the main rainy season (June to 

September) generally decreases for RCP 4.5 and RCP 8.5 scenarios in the range of -1% to -15% 

and -0.3% to -11%, respectively. The mean monthly evaporation loss is projected to increase in 

every month. In the main rainy season (June to September), the projected increase in evaporation 

loss ranges from 3% to 4% for RCP 4.5 and 4% to 5% for RCP 8.5; this rise is primarily attributable 

to the projected increase of the mean monthly temperature throughout the basin. The performance 

assessment was conducted for two different reservoir operation policies viz. standard-operating-

policy (SOP) and optimal-operating-policy (OOP). The monthly scale optimal operating policy 

was formulated using Linear Programming (LP) optimization technique to maximize reliabilities 

with respect to the multiple reservoir purposes. Under SOP, the reservoir could be unable to keep 

the storage above the buffer level for almost three successive months, starting from mid-March to 

the end of May. When the reservoir is operated under OOP, the storage level remains above the 

buffer level to satisfy all the demands. The three performance indices (reliability, vulnerability, 

and resiliency) of the reservoir operation were calculated for both policies under the baseline and 

two RCP scenarios. Under SOP, reliability and resiliency in reference to hydropower show a 

decline for both RCP scenarios, while vulnerability increases for the two scenarios. The effect of 
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applying OOP in improving the performance indices shows that OOP achieves higher hydropower 

reliability and resiliency for historical and future climate scenarios.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 
 

साराांश 

इथियोथिया के ऊिरी बू्ल नाइल बेथिन में जल-जलवायु थवज्ञान, उिज, जल थवद्युत और जलाशय प्रदशशन िर 

जलवायु िररवतशन के प्रभाव को िमझने का प्रयाि थकया गया है। जलवायु चर के अनुमाथनत िररवतशन का 

मूल्ाांकन दो जलवायु िररवतशन िररदृश्ोां (आरिीिी 4.5 और आरिीिी 8.5) के थलए चार कॉरे्डक्स-अफ्रीका 

के्षत्रीय जलवायु मॉर्डल का उियोग करके थकया गया िा। आरिीएम मॉर्डल के अांदर िूवाशग्रह को मनाया 

जलवायु रे्डटा के िाि ठीक थकया गया िा।. बेिलाइन (1982 - 2005) के थलए औित बू्ल-वाटर फ्लो (जो 

बेथिन जल उिज और एक्वीफर ररचाजश, थममी/वर्श का योग है) का स्िाथनक िैटनश मनाया गया ऐथतहाथिक 

जलवायु रे्डटा का उियोग करके अनुकरण थकया गया िा। भथवष्य के बू्ल-वाटर-फ्लो की उिलब्धता को चार 

िूवाशग्रह-िही आरिीएम के एक िमूह का उियोग करके अनुकरण थकया गया िा, आउटिुट अवथि (2027 

- 2050) के थलए औित िा।. नीला-जल-प्रवाह का अनुमाथनत िररवतशन मुख्य रूि िे आरिीिी दोनोां िररदृश्ोां 

के तहत तािमान और वर्ाश में अनुमाथनत थभन्नता के कारण है।. 

थिांचाई के िानी की माांग और गने्न की उिज िर बदलती जलवायु के प्रभाव का मूल्ाांकन बेिलाइन और 

मौजूदा और प्रस्ताथवत जलाशय कमाांर्ड के्षत्रोां में 19 िाइटोां िर बेिलाइन और दो भथवष्य के आरिीिी िररदृश्ोां 

के थलए भी थकया गया िा। शुष्क मौिम (नवांबर िे मई) के थलए िकल थिांचाई जल माांग (जीआईर्डी) के 

अनुमानोां को बेिलाइन अवथि में माांग की तुलना में लगभग िभी कमाांर्ड के्षत्रोां के थलए बढ़ने का अनुमान है।. 

हालाांथक माथिक िैमाने िर माांग में मामूली थगरावट देखी गई िी, लेथकन िभी कमाांर्ड के्षत्रोां में गने्न के थलए 

िमग्र वाथर्शक थिांचाई िानी की माांग बढ़ने का अनुमान है। िानी बचाने के थलए एक अनुकूलन उिकरण के 

रूि में बेहतर थिांचाई दक्षता के योगदान का भी आकलन थकया गया।. उिज, बायोमाि और जल उत्पादकता 

में िररवतशन आिारभूत अवथि के िािेक्ष दो आरिीिी िररदृश्ोां के तहत स्पष्ट हैं, और िररणाम प्रते्यक िररदृश् 
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के प्रभाव और कमाांर्ड के्षत्र में स्िाथनक िररवतशनशीलता की िीमा में अांतर थदखाता है।. आरिीिी 8.5 और 

आरिीिी 4.5 जलवायु िररदृश्ोां के थलए गने्न की उिज में िबिे महत्विूणश अनुमाथनत िररवतशन लोअर-गुर्डर 

कमाांर्ड के्षत्र में अनुमाथनत है; उिज में क्रमशः  32.8% और 27.1% की वृद्धि होने की उम्मीद है। अनुमाथनत 

बायोमाि और उिज आम तौर िर आरिीिी 8.5 के तहत अथिक होती है; यह फिल िर CO2 प्रभावोां के 

कारण हो िकता है जो कुछ हद तक उि तनाव की भरिाई कर िकता है जो RCP 8.5 जलवायु िररद्धस्िथतयोां 

में फिल िर िोिता है और इिके िररणामस्वरूि छोटे बायोमाि और उिज में वृद्धि होती है।.  

झील-ताना-बहुउदे्दशीय-जलाशय प्रणाली के प्रदशशन िर बदलती जलवायु के प्रभाव की भी जाांच की गई, और 

िांभाथवत भथवष्य के िररदृश्ोां के थलए अनुकूली रणनीथत थवकथित की गई। मुख्य वर्ाश ऋतु (जून िे थितम्बर) 

के दौरान औित माथिक अांतवाशह में अनुमाथनत िररवतशन िामान्यत आरिीिी 45 और आरिीिी 85 दोनोां 

िररदृश्ोां के थलए क्रमश -1% िे -15% और -03% िे -11% की रेंज में घटता है।. औित माथिक वाष्पीकरण 

हाथन हर महीने में बढ़ने का अनुमान है। मुख्य वर्ाश ऋतु (जून िे थितांबर) में वाष्पीकरण हाथन में अनुमाथनत 

वृद्धि आरिीिी 4.5 के थलए 3% िे 4% और आरिीिी 8.5 के थलए 4% िे 5% तक होती है; यह वृद्धि मुख्य 

रूि िे िूरे बेथिन में औित माथिक तािमान की अनुमाथनत वृद्धि के कारण है। प्रदशशन मूल्ाांकन दो अलग-

अलग जलाशय िांचालन नीथतयोां जैिे मानक-िांचालन-नीथत (एिओिी) और इष्टतम-िांचालन-नीथत (ओओिी) 

के थलए आयोथजत थकया गया िा।. माथिक िैमाने िर इष्टतम िररचालन नीथत रैद्धखक प्रोग्राथमांग (एलिी) 

अनुकूलन तकनीक का उियोग करके तैयार की गई िी ताथक कई जलाशय उदे्दश्ोां के िांबांि में थवश्विनीयता 

को अथिकतम थकया जा िके। एिओिी के तहत, जलाशय माचश के मध्य िे मई के अांत तक लगभग तीन 

लगातार महीनोां तक बफर स्तर िे ऊिर भांर्डारण रखने में अिमिश हो िकता है।. जब जलाशय को ओओिी 

के तहत िांचाथलत थकया जाता है, तो जलाशय में भांर्डारण स्तर िभी माांगोां को िूरा करने के थलए बफर स्तर 

के शीर्श िे ऊिर रहता है। जलाशय िांचालन के तीन प्रदशशन िूचकाांक (थवश्विनीयता, भेद्यता और लचीलािन) 
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की गणना बेिलाइन और दो आरिीिी िररदृश्ोां के तहत दोनोां नीथतयोां के थलए की गई िी। एिओिी के तहत 

िनथबजली के िांदभश में थवश्विनीयता और लचीलािन दोनोां आरिीिी िररदृश्ोां के थलए थगरावट थदखाता है, 

जबथक दो िररदृश्ोां के थलए भेद्यता बढ़ जाती है।. प्रदशशन िूचकाांकोां में िुिार में ओओिी लागू करने के प्रभाव 

िे िता चलता है थक ओओिी ऐथतहाथिक और भथवष्य के जलवायु िररदृश्ोां दोनोां के थलए उच्च जल थवद्युत 

थवश्विनीयता और लचीलािन प्राप्त करता है।.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

Table of Contents 

Certificate ....................................................................................................................................... i 

Acknowledgments ......................................................................................................................... ii 

Abstract ......................................................................................................................................... iii 

Table of Contents ......................................................................................................................... ix 

List of Figures ............................................................................................................................. xiii 

List of Tables ............................................................................................................................. xvii 

List of Abbreviations and Acronyms ....................................................................................... xix 

1 Introduction ........................................................................................................................... 1 

1.1 Background ................................................................................................................... 1 

1.2 Climate change in Africa and its impact on the Upper Blue Nile Basin ...................... 4 

1.3 Objectives ..................................................................................................................... 7 

1.4 Study justification ......................................................................................................... 7 

1.5 Outline of the dissertation ............................................................................................. 8 

2 Overview of the Study Area and Input Data .................................................................... 10 

2.1 Location ...................................................................................................................... 10 

2.2 Physiography............................................................................................................... 10 

2.3 Climate ........................................................................................................................ 12 

2.3.1 Climate stations data ............................................................................................... 13 

2.4 Hydrology ................................................................................................................... 14 

2.4.1 Hydrologic data ....................................................................................................... 16 

2.5 Land use and Land cover ............................................................................................ 17 

2.6 Soil .............................................................................................................................. 19 

2.7 Geology ....................................................................................................................... 20 

2.8 Population ................................................................................................................... 21 



x 
 

2.9 Administrative Structure ............................................................................................. 22 

2.10 Water resource development of the upper Blue Nile basin ........................................ 23 

2.10.1 Existing developments ............................................................................................ 23 

2.10.2 Planned developments ............................................................................................ 24 

2.10.3 Reservoir system data ............................................................................................. 27 

3 Climate Change Impact Assessment .................................................................................. 28 

3.1 Overall methodology .................................................................................................. 28 

3.2 Climate change evidence and emission pathways ...................................................... 30 

3.2.1 Overview of Climate Models .................................................................................. 31 

3.2.2 Regional climate models ......................................................................................... 33 

3.3 Bias Correction ........................................................................................................... 34 

3.3.1 A linear scaling technique for temperature and precipitation ................................. 35 

3.4 CORDEX Regional climate models ........................................................................... 36 

3.5 Result and Discussions ............................................................................................... 38 

3.5.1 Uncorrected RCM Simulation ................................................................................ 38 

3.5.2 Analysis of Climate Model Performance in the base period .................................. 40 

3.5.3 Projected change of the climate variables ............................................................... 40 

3.6 Summary ..................................................................................................................... 44 

4 Modeling the Responses of Basin Hydrology to Climate Change ................................... 46 

4.1 Hydrological modeling ............................................................................................... 46 

4.2 SWAT model features................................................................................................. 48 

4.3 SWAT hydrological modeling of the upper Blue Nile basin ...................................... 50 

4.4 Description of the modeled area ................................................................................. 51 

4.4.1 Data Compilation for the SWAT model ................................................................. 51 

4.5 SWAT Model Setup .................................................................................................... 54 

4.6 SWAT model calibration and uncertainty analysis .................................................... 55 

4.6.1 Overview of SWAT-CUP ....................................................................................... 55 



xi 
 

4.6.2 SUFI-2 calibration and uncertainty analysis program ............................................ 56 

4.7 Result and Discussions ............................................................................................... 59 

4.7.1 Sensitivity analysis.................................................................................................. 59 

4.7.2 Calibration parameters ............................................................................................ 60 

4.7.3 Calibration and validation of the SWAT model project ......................................... 63 

4.7.4 Impact of climate change on a freshwater component ............................................ 66 

4.8 Summary ..................................................................................................................... 69 

5 Assessment of Irrigation Water demand and Yield Response to Climate change ........ 71 

5.1 Crop Model Selection ................................................................................................. 74 

5.2 Model specifications for AquaCrop ............................................................................ 74 

5.2.1 The computation structure of AquaCrop ................................................................ 75 

5.3 Yield transfer function ................................................................................................ 76 

5.4 Crop parameterization ................................................................................................. 78 

5.5 Projection of Irrigation water demand ........................................................................ 79 

5.5.1 Estimation of irrigation demand ............................................................................. 80 

5.5.2 Evapotranspiration model ....................................................................................... 82 

5.6 Result and Discussions ............................................................................................... 85 

5.6.1 Simulation result of climate change impact on the rainfall and reference 

evapotranspiration at the command areas .............................................................. 85 

5.6.2 Simulation result for impact assessment of climate change on irrigation-water 

demands .................................................................................................................. 88 

5.6.3 Simulation result for the changing climate impact assessment on sugarcane yield 

responses and water productivity ........................................................................... 95 

5.7 Uncertainty in Crop yield estimate ........................................................................... 100 

5.8 Summary ................................................................................................................... 101 

6 Climate Change Impact on Reservoir Performance: The Case of Lake-Tana-

Multipurpose-Reservoir-System ...................................................................................... 104 

6.1 Reservoir data ........................................................................................................... 105 



xii 
 

6.2 Civil Structures of Beles Multipurpose Project ........................................................ 107 

6.3 Reservoir Operation models ..................................................................................... 112 

6.3.1 Reservoir system Simulation models .................................................................... 113 

6.3.1.1 WEAP21 model set-up for the upper Blue Nile basin................................... 114 

6.3.2 Optimization Models ............................................................................................ 116 

6.4 Linear Programming application in previous studies ............................................... 117 

6.5 Optimization problem formulation ........................................................................... 118 

6.5.1 Objective function ................................................................................................. 118 

6.5.2 List of Constraint .................................................................................................. 119 

6.6 Indexes for reservoir performance ............................................................................ 121 

6.7 Result and Discussion ............................................................................................... 122 

6.7.1 Inflows and evaporation-losses for Lake-Tana-reservoir system ......................... 122 

6.8 Reservoir performance under changing climate ....................................................... 125 

6.8.1 Standard operating policy vs. adaptive policy ...................................................... 125 

6.9 Summary ................................................................................................................... 127 

7 Summary and recommendation ....................................................................................... 131 

7.1 Summary ................................................................................................................... 131 

7.2 Conclusion and Recommendations ........................................................................... 136 

8 Reference ............................................................................................................................ 138 

9 Annexes ............................................................................................................................... 156 

Annex - I List of geo-referenced meteorological stations selected for the upper Blue Nile basin

................................................................................................................................... 156 

Annex - II Performance Evaluation of Gridded CFSR Climate and Ground-based Weather 

Data for SWAT Hydrologic Model Simulation ........................................................ 157 

List of conference papers.......................................................................................................... 159 

Brief biodata of the author ....................................................................................................... 160 

 



xiii 
 

List of Figures 

Figure 1. 1 The major tributaries and dams of the Nile Basin. The Blue, White, and Tekeze-Atbara 

rivers—the three major tributaries of the Nile—are depicted on the map along with their 

respective basin extents(Ewunetu et al., 2021). ...................................................................... 2 

Figure 1. 2 Vulnerable regions to climate changes in Africa (GRID--Arendal, 2006) .................. 5 

Figure 2.1 The upper Blue Nile basin location map, including locations for observed hydrological 

and meteorological Stations, CFSR Global data point locations, SWAT delineated 

watersheds, and existing and proposed dam locations. ......................................................... 11 

Figure 2. 2 Slope map (a) and elevation map (b) for the upper Blue Nile basin .......................... 12 

Figure 2. 3 General layouts of water diversion from Lake Tana to Upper Beles Valley ............. 15 

Figure 2. 4 Historical (1982 - 2005) mean monthly flow (MCM) (top) and standard deviation or 

monthly flow variation (MCM) (bottom) at the upper Blue Nile basin outlet located in El-

Daim gaging station. ............................................................................................................. 17 

Figure 2. 5 Land Cover map for the upper Blue Nile basin .......................................................... 18 

Figure 2. 6 Soil map of the upper Blue Nile basin........................................................................ 19 

Figure 2. 7 Geology of the upper Blue Nile basin ........................................................................ 20 

Figure 2. 8 Population in the upper Blue Nile basin. Source: this map was produced according to 

the Central Statistics Agency data on population (CSA 2007). ............................................ 21 

Figure 2.9 Upper Blue Nile Basin Administrative Regions ......................................................... 22 

Figure 2. 10 Schematic representation of the present and proposed water resource projects for the 

upper Blue Nile basin............................................................................................................ 26 

Figure 3. 1 Flowchart of the methodology modified from (Ashofteh et al. 2013) ....................... 29 



xiv 
 

Figure 3. 2 Regional domains arranged for the CORDEX experiments (WCRP-CORDEX, 2015)

............................................................................................................................................... 37 

Figure 3. 3 Monthly average temperature (a) monthly average rainfall (b) simulated for the control 

period (1982 – 2005) using distinct RCMs. Observed data and RCM-ensemble means for 

(1982 – 2005), and projected future (2027 – 2050). ............................................................. 39 

Figure 3. 4 Distribution patterns of average annual temperature (a) and precipitation (b). ......... 41 

Figure 3. 5 Change in projected average annual temperature (a & b) and precipitation (c & d) .. 43 

Figure 4. 1 Schematic representation of the upland processes of a hydrological cycle in the SWAT 

model (Neitsch et al., 2009) .................................................................................................. 49 

Figure 4. 2 Schematic representation of the channel processes of a hydrological cycle for the 

SWAT model (Neitsch et al., 2009)...................................................................................... 50 

Figure 4. 3 The SWAT-CUP interface (K. C. Abbaspour, 2015). ................................................ 56 

Figure 4. 8 The top ten most sensitive parameters in the basin .................................................... 60 

Figure 4. 9 Monthly observed and simulated discharge for the five hydrometric stations (the graph 

from top to bottom represents Gumara, Gilgel-Abay, Andasa, Megech, and Kesi stations) 65 

Figure 4. 10 Spatial patterns of the mean annual blue water resources, calculated during the 

baseline (1982 – 2005) period (mm/year). ............................................................................ 67 

Figure 4. 41 Anomaly map, which is the percent change relative to baseline Blue-water-flow, for 

RCP 4.5 (a) and RCP 8.5 (b) averaged over (2027 – 2050). ................................................ 68 

Figure 5. 1 Existing and proposed Irrigation Demand sites in the basin (represented by red circles), 

the green arrows represent the water transmission link, and the red arrows represent the return 

flow) ...................................................................................................................................... 73 



xv 
 

Figure 5.2 Four-step computation arrangement of AquaCrop. The processes (dotted lines) are 

influenced by the strain in water (a to e) and the strain in temperature (f to g). CC is green 

canopy cover; Zr, rooting depth; ETo, reference evapotranspiration; WP*, normalized 

biomass water productivity; HI, harvest index; and GDD, growing degree day (Raes et al., 

2009). .................................................................................................................................... 75 

Figure 5. 3 Input screen of AquaCrop model ............................................................................... 77 

Figure 5. 4 Average annual rainfall (a), percent change in average annual rainfall (b), average 

annual reference evapotranspiration (c), and percent change in average annual reference 

evapotranspiration (d) for existing and proposed reservoir command area estimated from an 

ensemble of four CORDEX-AFR RCM output with RCP 4.5 and RCP 8.5 climate scenarios.

............................................................................................................................................... 87 

Figure 5. 5 Monthly gross irrigation water requirement (GID in Mm3) for sugarcane for existing 

and proposed reservoirs command area in the basin for 50% irrigation efficiency. ............. 88 

Figure 5. 6 Monthly gross irrigation water requirements for sugarcane at existing and proposed 

reservoirs command area in the basin for 80% irrigation efficiency. ................................... 90 

Figure 5. 7 Projected annual irrigation water demands for sugarcane over each command area for 

50% irrigation efficiency (a) and 80% irrigation efficiency (b). .......................................... 92 

Figure 5. 8 Time series of estimated gross irrigation water requirement (Mm3) for sugarcane crop 

for the baseline period (1982 - 2005), RCP 4.5, and RCP 8.5 scenarios for the period (2027 – 

2050). Time series for Rib reservoirs command area for 50% (a) and 80% (b) irrigation 

efficiency, respectively; Time series for Gummara reservoirs command area for 50% (c) and 

80% (d) irrigation efficiency. ................................................................................................ 93 



xvi 
 

Figure 5. 9 Projected total sum of annual gross irrigation demands in the basin for 50% and 80% 

irrigation efficiency. .............................................................................................................. 94 

Figure 5. 10 Model simulated biomass (a), Percent changes in biomass (b), stalk yield (c), Percent 

changes in stalk yield (d), ET water productivity for yield (e), and Percent changes in ET 

water productivity (f) estimated from an ensemble of four CORDEX-AFR RCM output with 

RCP 4.5 and RCP 8.5 scenarios for the period (2027 – 2050), and baseline period (1982 - 

2005). .................................................................................................................................... 99 

Figure 6. 1 Approach channel filled with water (MoWR) .......................................................... 108 

Figure 6. 2 The inlet gate at the backside at the start of the Intake channel (MoWR) ............... 109 

Figure 6. 3 Intake gate and spillway by the end of the Intake channel (MoWR) ....................... 109 

Figure 6. 4 The flow transition area and backside of the roller gate (MoWR) ........................... 110 

Figure 6. 5 The outlet structure, the gallery stretches, the manorial crane, the stilling basin (MoWR)

............................................................................................................................................. 112 

Figure 6. 6 Overview of the schematic distribution of demand site and reservoir locations in the 

basin WEAP21 model area ................................................................................................. 115 

Figure 6. 7 Percent change in the volume of future inflow to Lake-Tana-reservoir-system relative 

to historical (1982 – 2005) inflow (a), Percent Change in future evaporation loss from the 

reservoir surface relative to historical (1982 – 2005) period (b). ....................................... 124 

Figure 6. 8 Impacts on mean monthly live storage at Lake-Tana Reservoir for future scenarios, 

using standard operation policy (SOP) and adaptive optimized operating policy (OOP). . 126 

Figure 6. 9 The performance indices of the Lake-Tana-reservoir system for standard operation 

policy (SOP) and adaptive optimal operating policy (OOP) using LP for the historical and 

future scenarios. .................................................................................................................. 127 



xvii 
 

List of Tables             

Table 2. 1 Existing water resource development in the upper Blue Nile basin ............................ 24 

Table 2. 2 Proposed water resource expansion in the upper Blue Nile basin ............................... 25 

 
Table 3. 1 The Representative Concentration Pathways (RCPs) (Moss et al. 2010).................... 31 

Table 3. 2 Description of symbols ................................................................................................ 36 

Table 3. 3 CORDEX-AFRICA domain RCM experiments applied for this study ....................... 38 

Table 3. 4 Performance criteria of CORDEX-AFR regional climate models for temperature and 

precipitation with observation data ....................................................................................... 40 

Table 3. 5 Projected changes in the monthly temperature and rainfall over the basin ................. 42 

 
Table 4. 1 Distribution of soil texture and land use for the modeled basin .................................. 61 

Table 4. 2 List of parameters of the SWAT model involved in the last calibration procedure and 

the best-fitted parameter values ............................................................................................ 62 

Table 4. 3 Final statistics for the calibration and validation procedures ...................................... 63 

Table 4. 4 General ranking of performances for NS and PBIAS for a monthly time step (Moriasi 

et al., 2007) ........................................................................................................................... 64 

 
Table 5. 1 Dimension for modeling assessment ........................................................................... 72 

Table 5. 2 Summary of model-simulated results for mean annual rainfall (mm) and reference 

evapotranspiration (mm), Net irrigation requirement (mm), cumulative biomass produced 

(ton/ha), Yield (ton/ha), ET water productivity for yield part (kg/m3). ................................ 97 

Table 5. 3 Summary of projected change in mean annual rainfall (%), mean annual reference 

evapotranspiration (%), Net irrigation requirement (%), Cumulative biomass produced (%), 

Yield (%), and ET water productivity for yield part (%). ..................................................... 98 



xviii 
 

 
Table 6. 1 Tana-Beles Gross scheme Irrigation requirement (Mm3/month) for 50% and 80% 

irrigation efficiency; calculated under historical (1982 – 2005) and two RCP future (2027 – 

2050) climate scenarios....................................................................................................... 106 

Table 6. 2 Average historical periods (1982-2005) mean monthly Inflow and evaporation loss at 

Tana-Lake-reservoir-system. .............................................................................................. 123 

Table 6. 3 Impact of changing climate on the performance of Lake-Tana-multipurpose-reservoir 

under standard and optimized operation policy. ................................................................. 130 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xix 
 

List of Abbreviations and Acronyms  

AgMIP   Agricultural Model Intercomparison and Improvement Project  

AOGCMs   Atmosphere-Ocean General Circulation Models  

AVHRR   Advanced Very High-Resolution Radiometer  

CERES   Crop Environment Resource Synthesis  

CFSR    Climate Forecast System Reanalysis Global weather data  

CMIP5    Coupled Model Intercomparison Project Phase 5  

CORDEX   Coordinated Regional Downscaling Experiment  

CRGE    Climate Resilient Green Economy  

DAAC   Distributed Active Archive Centre  

DEM    Digital Elevation Model  

DSN    Digital Stream Network  

DSSAT   Decision Support System for Agro-technology Transfer 

EPIC    Environmental Policy Integrated Climate  

EROSDC   Earth Resources Observation Systems Data Canter  

ESD    Empirical Statistical Downscaling  

ESMs   Earth System Models  

GCMs    Global Climate Models  

GHG    Greenhouse Gas  

GIS    Geographic Information System  

GLCC    Global Land Cover Characterization  

GLUE    Generalized Likelihood Uncertainty Estimation 

HRU    Hydrological Response Unit  



xx 
 

HWSD   Harmonized World Soil Database  

IAMs   Integrated Assessment Models  

IDW    Inverse Distance Weighting  

IPCC    Intergovernmental Panel on Climate Change 

ITCZ    Inter-Tropical Convergence Zone  

LP    Linear Programing  

MCMC   Markov chain Monte Carlo 

MoWEI   Ethiopian Ministry of Water, Energy and Irrigation  

NASA    National Aeronautics and Space Administration 

NASA   National Aeronautics and Space Administration  

NCEP    National Centre for Environmental Prediction  

NDVI    Normalized Difference Vegetation Index  

ParaSol   Parameter Solution 

PSO    Particle swarm optimization 

RCMs   Regional Climate Models  

SOTER   Soil and Terrain 

SRTM    Shuttle Radar Topographic Mission  

SUFI2    Sequential Uncertainty Fitting 

SWAP   Soil, Water, Atmosphere and Plant  

SWAT   Soil and Water Assessment Tool  

USDA-SCS  U.S. Department of Agriculture's Soil Conservation Service  

USGS    United States Geological Survey 

WOFOST   World Food Studies  




