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Abstract 

The Grand Ethiopian Renaissance Dam (GERD) is a large hydroelectric project located on the Blue Nile 

River in Ethiopia, about 14 km eastern border with Sudan. It is one of the largest infrastructure projects 

in Africa, and it has been under construction since 2011. The purpose of the dam construction, as declared 

by Ethiopia, is to produce electricity. This paper attempts to identify the most significant disputes between 

upstream and downstream countries regarding the issues  related to GERD. Many previous research and 

studies related to the Renaissance Dam were reviewed regarding its location, design, and method of filling 

in accordance with the agreements signed between these countries. Through the results of this study, the 

points of disagreement between the riparian countries were identified, and conclusions were drawn to 

contribute to developing solutions for the remaining operations of filling and managing the Nile water to 

benefit all the peoples of the Nile Valley. Furthermore, the study recommends that the riparian countries 

return to the agreements signed between them to manage the remaining filling operations and the rational 

management of the Nile water, so that the downstream countries are not harmed. 

Keywords:  Grand Ethiopian Renaissance Dam;  upstream and downstream countries; filling operation;  

conflict. 

 

1. Introduction  

The Grand Ethiopian Renaissance Dam (GERD) is 

a massive hydroelectric dam on the Blue Nile River 

in Ethiopia’s Benishangul-Gumuz region. GERD 

aims to boost Ethiopia’s energy production and 

economic development while also serving as a 

regional power hub. However, it has sparked 

tensions with downstream countries (Egypt and 

Sudan) due to concerns over water flow and Nile 

water rights. The conflict over the GERD between 

upstream (Ethiopia) and downstream countries 

mainly revolves around water rights, national 

security, economic interests and filling and 

operation of the dam. The main objective of this 

study is to investigate the nature and causes of the 

conflict. To fulfil this objective, the study used a 

methodology including: collecting data from 

various sources regarding GERD, conducting an 

extensive literature review, obtaining results and 

discussion, drawing conclusion and 

recommendations. 

 

2. Background 

The main dam is assigned to be a roller-compacted 

concrete dam, while the saddle dam is composed of 

traditional embankment dams. A dam failure might 

cause a flood surge that is as deep as tens of meters 

and travels along the river at extremely high speeds 

[1]. According to this study, which used a one-

dimensional analysis model to examine the 

downstream effects of GERD failure, Sudan, 

particularly the Roseires, Sennar, Merowe dams and 

Khartoum City, could suffer catastrophically. 

According to the research, the failure of the GERD 

and the subsequent failure of the Sudanese dams 

could put the Aswan high dam at unnecessary risk 

[1].  The saddle dam, with a height of 55 m, has a 

capacity of 60 BCM. The International Commission 

on Major Dams classified the two GERD 

components as huge since they were taller than 15 m 

and once the construction of GERD is finished, it 

will be the fourth-highest dam in Africa [2].  

 

Although GERD is intended to be used in the 

hydropower industry, it is anticipated to have 

several downstream effects, similar to other major 

dams. As a result, built communities downstream 

could suffer extremely destructive effects. Generally 

speaking, Sudanese dams and cities, including 

Khartoum, located on the banks of Blue Nile will 

suffer many losses due to flood waves from regular 

dam breaks. As a result, it is crucial to look into the 

various what-if possibilities about the dam breaking 

due to unforeseen events. Mohamed al. [3] 

conducted a remote sensing analysis of the GERD to 

evaluate potential risks and environmental impacts. 

According to the analysis's findings, approximately 

667,228 km2 along the Blue Nile River was the 

largest region in the Sudanese flooding area that 

would be in great danger in the event of a GERD 

flood based on a flood basin model. When the 

groundwater table drops 5 m below sea level, the 
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findings indicate that seawater intrusions will affect 

one third of the Nile Delta. Hazem et al. [4] used the 

GERD failure as a case study in a work on flood 

propagation modeling. This study recommended 

using a two-dimensional model under different 

failure scenarios. The study examined several global 

dam collapses starting in 1928 for various reasons. 

According to the study's findings, in certain 

residential locations, like Khartoum, flow depths 

might range from 3 to 10 meters in the event of a 

catastrophic breakdown. In addition, in the event of 

a dam breach involving a fully stored GERD 

reservoir, the water surface height in Lake Nasser 

may rise to 184 meters above mean sea level. 

Furthermore, the highest flow would surpass 21.5 

times the dam spillway total capacity at 325,928 m3 

/sec. Lastly, the article results can help policymakers 

create other strategies to address the risks associated 

with GERD break.  

 

A review paper on the main earthquake source 

elements related to the Ethiopian rift was published 

by Alemayehu et al. [5]. According to the study, the 

distribution of earthquakes in the rift floor is linked 

to strike-slip and normal faulting events. The 

Danakil microplate's counterclockwise motion may 

be connected to the strike-slip components observed 

in the region. However, normal faulting mechanisms 

are consistent with notable plate divergence. Due to 

this activity, the Nubian plate and the Danakil 

microplate may experience oblique-slip 

deformation. The dangers of flood wave and GERD 

dam failure for the nations downstream were 

assessed in a distinct study by Eldeeb et al. [6]. 

HEC-RAS investigated how a dam failure might 

affect the nations downstream. The study also 

subjected the output results to a sensitivity 

examination against breach parameters. The study 

concluded that Khartoum would become a lake in 

approximately ten days and that some residential 

areas would flood with water deeper than eleven 

meters.  

 

Additionally, the flood surges crested the Sennar, 

Merowe, and Roseires dams by 20, 7, and 11 meters, 

respectively. Furthermore, Lake Nasser's level 

would rise to 188 meters above sea level, and the 

Aswan Dam would be in danger. While the event of 

Mw 5.0 contains a strong component of strike-slip 

at the center part of the major Ethiopian rift, the 

focal mechanism for the Mw 5.1 event, calculated 

from the moment tensor inversion, indicates 

dominant normal faulting along the western margin 

of Afar accompanied by a modest strike-slip 

component. Furthermore, most of the earthquake 

hypocenters were noticed in the upper crust. For 

example, moment tensor inversion was used to 

identify the focus of 9.7 km for the 2017 (Mw 5.0) 

event. Numerous lower crust earthquakes are also 

present, such as the 2018 event (Mw 5.1), which 

AHD a hypocenter of 20.2 km. The discovery in the 

international database of earthquakes with depths 

within the upper mantle increased seismic activity 

along the major Ethiopian rift. 

 

Gala looked into the GERD triggers' susceptibility 

to seismic hazards [7]. This paper is a response to 

Egypt's justifiable concerns regarding the claim that 

GERD causes or exposes seismic hazards. The 

International Disaster - Emergency Events Database 

(EM-DAT) of the European Commission served as 

the basis for this study, which examined the 

geographical distribution of seismic vulnerability in 

Ethiopia as well as earthquake occurrences spatial 

distribution in Ethiopian areas and the Horn of 

Africa, as well as the spatial distribution of seismic 

risk and seismic hazard. These findings are 

displayed in Figures (1-4). The study concluded that 

the EM-DAT data gathered between 1900 and 2013 

was used to assess GERD exposure and triggers to 

seismic risks and susceptibility. Furthermore, the 

GERD location is far from any seismically active 

region in Ethiopia. Furthermore, the dam is not 

located in seismic danger zones classified as Degree 

VI, VII, and VII, which are strong, very strong, and 

destructive, respectively. Lastly, GERD is situated 

in a region with an extremely low level of 

vulnerability, despite the fact that 46% of the 

population of these countries live in moderately 

sensitive areas of the environment, physical, social, 

and economic. Mohamed et al. studied potential 

effects on countries downstream of the Ethiopian 

Dam failure [8]. The two GERD failure scenarios 

assumed in the study were miss-guided dam 

operation due to a misleading flood signature and 

Dam Break (DB). The study's primary conclusion is 

that the model's predicted flood peak discharge at 

Khartoum under the DB scenario would be far 

higher than the devastating flood of 1946 (10,000 

m3/s at Khartoum). In contrast, the Gezira Plain, 

which is heavily farmed, would be submerged to an 

average depth, engulfing more productive 

farmlands, animals, people, and infrastructure. The 

Aswan High Dam (AHD) will eventually be 

approached by flood flows under a miss-guided dam 

operation situation, which will fill it for two and a 

half months and require emergency releases for over 

five months. The consequence would not affect the 

Gezira Plain. The report concluded that evaluating 

and modifying the operational parameters for the 

GERD and the AHD is necessary.  

 

A comprehensive investigation into assessing the 

vertical movement of the Ethiopian dam during the 

filling process using DInSAR technology and its 

potential adverse impacts on neighboring countries 

was conducted by al-Askary et al. [9]. The approach
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 taken to evaluate the deformation patterns 

associated with various segments of the Main Dam 

(an RCC dam construction) and the Saddle Dam (an 

embankment dam) GERD included the examination 

of Sentinel-1 satellite images. The researchers 

employed the Differential Synthetic Aperture Radar 

Interferometry method to examine 109 descending 

mode images from Sentinel-1 SAR taken between 

December 2016 and July 2021. They showcased the 

deformation patterns of the Main and Saddle Dam 

of the GERD. From December 2016 to July 2021, 

109 descending mode scenes captured by Sentinel-1 

SAR images were analyzed employing the 

Differential Synthetic Aperture Radar 

Interferometry technique. The goal was to depict the 

deformation patterns of the Main and Saddle Dams. 

The findings of the study revealed displacements at 

the dam's top that were recorded and varied from 10 

to 90 mm. Furthermore, it was noted that the Saddle 

Dam underwent a total displacement of roughly 380 

mm (~85 mm/year) during the same timeframe as 

the Main Dam, which saw a maximum displacement 

of about 90 mm over the course of the study (~20 

mm/year). 

 

Kansara et al. [10] conducted a study to determine 

how the GERD filling process affected the 

downstream countries. The study examined the 

filling process of the dam by analyzing satellite 

imagery from several sources. In light of the dam's 

quick filling, this article suggests trilateral strategies 

for managing the Blue Nile River's flow to ensure 

fair water allocation to Egypt and Sudan. 

Furthermore, the study suggests that the relationship 

between GERD filling and potential drought in the 

downstream countries should be considered during 

the upcoming dry spells in the Blue Nile River 

Basin. Engineering realities should be considered 

when filling Africa's largest hydropower dam. A 

paper by Basheer at al. [11] reported the GERD 

project's beginnings, the water requirements of 

nations that border rivers, and the discussions 

between Ethiopia, Sudan, and Egypt on the 

reservoir's initial filling. This study makes the case 

that any potential effects of the GERD's engineering 

limitations should be considered and handled 

cooperatively. The study focused on Ethiopia's 

GERD design and construction, which was finished 

before an agreement was reached with downstream 

countries Sudan and Egypt about the operation of 

the long duration of the dam and the filling of the 

initial reservoir. This investigation improved the 

everyday model of water balance for GERD. The 

need for operation and inflow of river to the dam 

operated as the model's driving forces. Utilizing the 

river flow record at Eldiem Gage dam, situated close 

to the Ethiopian-Sudan border, the model produced 

river flow sequences using the data from 1983 to 

2017. The model was used to keep the river 

diversion outlets closed if the capacity of other dam 

outlets was sufficient for releases downstream. In 

Figure 1-B and 1-C), the GERD's outflow activities 

are depicted. Five distinct types of outlets can 

release water downstream from the GERD. Along 

with the percentage contributions of each dam 

departure, Figures (2-A, 2-C) show the 

chronological history of the GERD storage outflow. 

When these limitations are removed, the predicted 

discharges are calculated, and Figures (2-D and 2-I) 

show how the hydraulic limits of the GERD affect 

these discharges. 

 

Chiu [12] suggested collaboration and resolving 

disputes on the Ethiopian Dam to develop a solution 

that would meet everyone's demands. A summary of 

the GERD collaboration problem, previous attempts 

at reconciliation, the negative effects of non-

cooperation, and cooperative recommendations 

were presented at the outset of this work. Overall, 

the report argued that cooperation on the GERD 

would simultaneously foster local and regional 

economic growth and avert confrontation between 

Ethiopia, Egypt, and Sudan. Because the dam is 

being built in a region susceptible to earthquakes 

and there have been indications of fundamental 

fractures, Sudan and Egypt, countries that rely 

significantly on the Nile River for their water needs, 

are especially worried about the safety and stability 

of the dam itself. Additionally, water that would 

have otherwise gone to the AHD reservoir may be 

stored in the GERD's reservoir, leading to less 

hydroelectric power generated by the AHD once it 

is completed [13].  

 

The three nations can ultimately reach a win-win 

deal to improve the region's general economic well-

being, Gross Domestic Product (GDP) per capita, 

irrigation availability, and industrial development. 

Ngambouk et al. [14] have reviewed a dispute over 

the GERD project and the waters of the Nile. 

Different regions around the basin of the Nile have 

different demands when it comes to utilizing the 

Nile waters. There has long been disagreement and 

conflict between sovereign interests over the best 

use of the Nile waters. The Nile is important to 

Egypt, Uganda, South Sudan, Ethiopia, and Sudan. 

Tanzania, Kenya, Burundi, and Rwanda are 

considered to have small stakes in the Nile. In 

contrast, countries such as Eritrea and the 

Democratic Republic of the Congo are supposed to 

have negligible ownership [15, 16]. Ethiopia sources 

86% of the Nile flow overall [15]. However, nearly 

the whole Nile flow is under the jurisdiction of 

Egypt and Sudan. Although Egypt has been using 

more than 55.5 BCM of the Nile water, the 1959 

Nile Agreement only permits Sudan to consume 

18.5 BCM.  

 

These disputes resulted from the Nile Colony Treaty 

[15, 17], which deprived Ethiopia of its 
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socioeconomic development in favor of giving 

Egypt more authority and exclusive control over the 

Nile resources. Figure (1) shows the GERD and Nile 

basin: (A) The Eastern Nile Basin's dams and 

irrigated land, (B) A general three-dimensional 

representation of the outflow functions of the 

GERD. The dashed rectangle represents the low-

block spillway, which is gradually constructed and 

utilized to transfer surplus floodwater throughout 

the first and second years of reservoir filling. Once 

the dam is built, the low-block spillway will serve as 

the emergency spillway and (C) A broad cross-

sectional representation of how the GERD outflow 

functions. Figure (2) illustrates a range of potentially 

realistic hydrologic scenarios: (A and C) are 

analyzed to determine the implications of the 

GERD's outflow capabilities with the first reservoir 

filling. The continuous line and the stacked areas are 

represented by vertical axes on the left and right, 

respectively. (D–F) displays the annual absolute 

divergence of the outflow from uncontrolled 

releases. The annual outflow of unrestricted releases 

is a percentage deviation (G–I) [11].  

 

Figure 1-The GERD and the Eastern Nile Basin [11] 
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Figure 2-A range of Potentially Realistic Hydrologic Scenarios [11]

 

 

3. Ethiopian and Seismic Hazard Assessment  

A seismic hazard is the probability that an 

earthquake will happen in a known location, within 

a known time duration, and with a higher intensity 

of ground motion than a specific threshold. Once a 

hazard has been determined, risk can be evaluated 

and considered for several purposes, including 

establishing insurance rates, designing larger 

buildings and infrastructure projects, and 

establishing building codes for conventional 

buildings [18-20]. According to Table (1), which 

contrasts the available EM-DAT earthquake data for 

these four nations, Ethiopia has experienced the 

most earthquakes of any of them, with seven as 

opposed to two or one for the others. However, the 

anticipated economic losses from the earthquakes in 

Somalia and Kenya were larger.By tracing the 

events that occurred in the Horn of Africa between 

1900 and 2010 [21], Figure (3) illustrates the 

region's seismicity. The red dots indicate the 

magnitude of an earthquake, with sizes ranging from 

3.5 to 7.2. The yellow stars represent Ethiopia's main 

towns, suggesting that inhabited places are often 

located near seismic zones.  

 

 

 

Table1- Effects of Earthquakes on Human and Economy in African Countries (1900-2013) [19] 

Parameter 
Country  

Ethiopia Kenya Somalia Sudan 

Number of 

events 
7 2 1 1 

Killed 24 1 298 3 

Injured 165 0 283 15 

Affected 0 0 104800 8000 

Homeless 420 0 0 -- 

Cost, USD 7.07 100 100 -- 
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Figure 3- Earthquake Statistics from 1900 to 2010 in the Horn of Africa [21] 

 

The main Ethiopian cities are plotted in Figure (4) 

based on seismic hazards. Addis Ababa (3 million), 

Dire Dawa (273,600), and Mek'ele (271,600), three 

of Ethiopia's most populous cities, are particularly 

situated in the most seismically hazardous areas, 

which are marked in yellow in the country's center 

and are classified as having a medium risk of seismic 

hazard. Awassa, Dire Dawa, Nazret, and Addis 

Ababa are all close to important fault lines, 

including the Wonji, Nazret, Addis-Ambo-Ghedo, 

and Fil Woha cracks. There have been many 

earthquakes in the past along these fault lines [20]. 

 

 
Figure 4- Ethiopia's Seismic Vulnerability's Geographic Distribution 

 

Figure (5) shows the earthquake's magnitude as 

measured by the scale of the Modified Mercalli [20], 

which ranges from I to XII. As a result, degree VI, 

VII, and VIII intensity scales are found in Ethiopia. 

A magnitude VI earthquake has the potential to 

topple bookcases, swing hanging objects, and sway 

trees. Degree VII earthquakes are very strong and 

might cause a wall to collapse. In contrast, degree 

VIII earthquakes are destructive, making it 

impossible to control a moving vehicle, causing 

concrete to fracture, and damaging poorly 

constructed buildings. While Degree VII intensities 

dominate in the middle Ethiopian rift valley region, 

Degree VI intensities are generally found across 

Ethiopia. Only the Omo Valley in Ethiopia and the 

Afar triangle are home to Degree VIII organisms [7]. 
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Figure (6) also displays Ethiopia and its environs' 

projected regional seismic risk distribution. Ethiopia 

has a reduced seismic risk compared to other nearby 

East African nations because South Sudan, Uganda, 

and Djibouti are comparatively situated in seismic 

risk hotspots. However, Ethiopia is more vulnerable 

to seismic hazards than Somalia and Sudan.  

 

Once more, Ethiopia's high-risk area is confined to 

the Omo Valley's southwest and the Greater Rift 

Valley Afar triangle. While there is little risk in 

Ethiopia's eastern and western highlands, there is an 

average amount of risk in the middle region of the 

Rift Valley. The GERD dam is the farthest point in 

Ethiopia from those hotspots; it is located in the 

west, bordering Sudan [7]. According to Table (2), 

26% of Ethiopians are exposed to "very low" levels 

of seismic hazards, 24% to "low" levels, and 46% to 

"medium" levels [19].The information source 

doesn't divide the data according to geography or 

other factors.   

 

 
Figure 5- Seismic Hazard for Ethiopia and Neighboring East African Countries 

 

 

 
Figure 6- Spatial Pattern of Risk in Ethiopia and Neighboring East African countries 
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Table 2- Ethiopia's Seismic Hazard Intensity Levels (Associated Population Exposed and Percentage) 

 

Seismic hazard  

intensity 

Population (millions) 

and percentage 

Very high 0 

High 0 

Medium 39.04 (45.9 %) 

Low 20.41 (24.0 %) 

Very low 25.53 (30.0 %) 

No data available  0 

 

In their review of the multi-criteria seismic hazard 

analysis of Ethiopia with implications of 

infrastructure development, Ayele et al. [22] 

recommend that more attention be paid to local site 

effects or geology, including dynamic soil properties 

(shear wave velocity, shear modulus, and standard 

penetration resistance), site response analysis, 

liquefaction potential to control seismic hazard, and 

risk mitigation on Ethiopia. Additionally, data from 

Ethiopia shows that earthquakes originate on faults; 

however, it is unclear what kind of faults they are, as 

well as their quantity, orientation, length, and 

directivity pulse, and additional multidisciplinary 

research is required. 

 

The ground motion prediction equation is used to 

determine route effects. Unfortunately, no work has 

been published because Ethiopia lacks registered 

earthquake data. Therefore, using numerical 

modeling, a ground motion prediction equation must 

be developed to evaluate path impacts and reduce 

seismic hazards. Ethiopia is creating an 

infrastructure, including roads, bridges, power 

plants, multi-story buildings, railways, and electric 

power lines. Numerous of these projects cross and 

are being built in potentially unstable locations in the 

center of the Ethiopian Main Rift System. According 

to the report, there is an urgent need to assess the 

liquefaction potential and earthquake condition in 

order to create a safe environment for any project 

constructed in a seismically active area without first 

conducting an earthquake hazard study.  

 

In their study work, Fentahun et al. [23] discussed 

the sensitivity evaluation of "Seismic hazard in the 

Ethiopian Rift, using an integrated method of AHP 

and DInSAR techniques." Seismic hazard sensitivity 

maps were produced in this study by combining the 

Analytical Hierarchy Process (AHP) with 

differential interferometric Synthetic Aperture 

Radar (DInSAR) techniques. The study region is 

located in the center of the Awash River drainage 

basin in the Main Ethiopian Rift Valley (MERV). It 

is situated geographically between latitudes 8˚ 45ʹ 

30ϺN and longitudes 39˚ 25Ϲ 16ϺE and 41˚ 12Ϲ 

19Ϻ E. Six factors, slope, lineament density, soil 

texture, closeness to previous earthquake epicenters, 

and distance from the fault, were devised and 

assessed for the AHP technique in this study. Based 

on the results of the sensitivity mapping, 8% (561.51 

km2) of the research region was listed as low-risk, 

53% (3801.99 km2) as medium-risk, 35% (2526.04 

km2) as high-risk, and 2% (142.82 km2) as extremely 

high. With a maximum uplift of 1.7 mm/year and a 

maximum subsidence of 9.8 mm/year, a mean 

annual vertical displacement map was produced 

using the DInSAR technique instead. The study 

results indicate that the area under investigation is 

within a medium seismic hazard sensitivity zone. In 

a study conducted by Al-Ajameeet al.[24], they used 

deterministic seismic hazard analysis (DSHA) to 

investigate the dam. 713 faults were used to analyze 

the hazards in this study, which used linear sources 

close to the dam site (both indicated and implied 

faults). For the region of the dam, data on seismic 

activities were gathered and homogenized to the 

magnitude scale moment, and then the events of 

foreshock and aftershock were de-cluster. On a 

seismotectonic map, 1375 earthquakes with moment 

magnitudes between 4 and 7 were considered. 

Ground Motion Prediction Equations (GMPEs) 

were found for the dam site. A MATLAB software 

developed specifically for this purpose was used to 

conduct DSHA. Next, a grid cell measuring 100 m 

by 100 m was created from the dam site, and hazard 

characteristics were determined at the grid cell's 

midpoint while considering all sources of seismicity 

situated within a radius of 500 km. The USGS 

Instrumental Intensity scale was used to compare the 

acquired PGA values. Lastly, a hazard map 

illustrates the regional diversity and threats 

connected with the dam site. 
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4. Declaration Agreement on Principles 

Between Upstream and Downstream and 

Countries  

Mindful of the growing demand for transboundary 

water resources and the role of the Nile as a vital 

resource for development; the World Bank's 

attendance demonstrates its previous global 

financial involvement in formulating river issues 

and the initiative to sign this agreement. Regarding 

the GERD, the following are the principles that the 

three countries pledge to uphold: 

− Cooperation Principle. 

− The development, sustainability, and regional 

integration principles. 

− Fair and Reasonable Use as a Foundation. 

− The Principle of Not Doing Considerable Harm. 

− The cooperative plan for the first filling and 

operation of the dam. 

− The Building Trust Principle. 

− Information and Data Exchange Principle.  

− The Dam Safety Principle. 

− The Sovereignty and Territorial Integrity 

Principle.  

− The Peaceful Settlement of Conflicts Principle. 

5. GERD Filling Stages  

In 2020, the Ethiopian Minister of Irrigation 

announced that, despite the inability of Ethiopia, 

Sudan, and Egypt to reach a consensus, the most 

current satellite photos of the Renaissance Dam 

were accurate and that 4.9 BM3 of water had been 

added to the dam. In August 2020, the water level 

reached 540 meters, 40 meters above sea level, and 

500 meters over the riverbed's bottom [25]. On July, 

2021, the second filling phase was finished, and with 

approximately three billion cubic meters, the water 

levels increased to about 575 meters [25]. It was 

estimated that 13.5 BCM of water was filled in the 

GERD during its second filling cycle.  

 

6. GERD's Effect on Egypt and Sudan  

It's unclear exactly how the dam will affect the 

nations downstream. Egypt is worried that as the 

reservoir fills, the water it holds can temporarily 

decrease before vanishing and decreasing 

permanently. According to the study, the Aswan 

High Dam's initial reservoir height, rainfall 

throughout the filling stage, and the negotiated 

agreement between the three countries will largely 

decide the impact during this time. These studies 

also show that in order to reduce or eliminate the 

possibility of adverse results, significant and 

continuous cooperation amongst all three nations is 

required [26]. At 74 cubic kilometers, the reservoir's 

volume is more than 1.5 times the 49 billion m3 of 

Blue Nile that typically flows close to the Egyptian-

Sudan border annually. If the governments agree, 

this damage to the downstream countries could 

spread over several years. This may impact two 

million farmers' lives [27]. Additionally, Egypt's 

electricity supply will be affected by 25 to 40 

percent due to GERD, as the sources stated, during 

dam construction. Yet in 2010, 14 out of 121 billion 

kWh, or less than 12% of Egypt's electricity 

generation, came from hydropower. Accordingly, a 

brief 25% decrease in hydropower output 

corresponds to a brief reduction of less than 3% in 

Egypt's total electricity generation [28]. However, 

Ethiopia's increased storage capacity would provide 

a stronger safety net against lack in Egypt and Sudan 

in the case of droughts in the future if these countries 

can resolve their differences [29]. Silt will be 

retained in the dam. As a result, many dams in 

Sudan, including the Sennar, Merowe, and Roseires 

dams and the High Dam of Aswan in Egypt, will 

have a longer operational lifespan. The benefits and 

drawbacks of flood management would impact parts 

of the Blue Nile basin in Ethiopia and Sudan 

downstream of the project [29]. By maintaining a 

reservoir in the narrow gorges of the northern 

Ethiopian Highlands, the GERD would specifically 

lessen seasonal flooding in the lowlands surrounding 

the Roseires Dam reservoir at Ad-Damazin, similar 

to how the Tekeze Dam lessened flooding at the 

Khashm el-Girba Dam in Sudan [30]. The temperate 

Ethiopian Highlands are home to the 140-meter-

deep reservoir. The water will evaporate much less 

than in reservoirs downstream, such as Egypt's Lake 

Nasser, which loses 12% of its water flow to 

evaporation after 10 months in the lake. This would 

allow for a 5% increase in Egypt's water supply and 

a 5% rise in Sudan's water supply through the 

controlled downstream flow of water from the lake 

[31]. According to Odidi et al. [32], the availability 

of reasonably priced energy, flood management, 

decreased siltation, and a rise in irrigated farming.  

 

Danburam et al. [33] revealed that if the riparian 

countries collaborate on irrigation and cropping 

patterns, this will enhance irrigation and contribute 

to an increase in GDP of these countries. But, the 

study indicates that these benefits won't materialize 

until the dam becomes fully operational. Many 

Sudanese researchers and politicians confirm, 

through discussions, workshops, and questionnaires, 

that the GERD affect the Sudanese dams and 

irrigation systems.There may be harmony and 

agreement between the official positions of Sudan 

and Egypt regarding the Renaissance Dam. 

Additionally, various studies have assessed the 

effects of dam failure on the Sudanese dams and 

environment. Tesfa [34] evaluated GERD failure 

through a pipe failure process using a 1-D HEC-

RAS model. At the whole reservoir level of 640 

ASL, the GERD storage capacity is 74 BCM [35 and 

36]. Due to the relatively flat terrain of the dam site, 

the saddle dam aids in maintaining the water level 

and design storage for the gravity dam built across 
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the Blue Nile. The main dam's design discharge is 

4305 m3/s [37]. Water flow to Sudanese dams will 

be impacted by GERD [37 and 38], and Aswan High 

Dam [39-41]. According to Kandeel [42] the GERD 

issues between riparian nations intensified when 

Ethiopia started construction in 2011 without 

notifying Egypt or Sudan.  

 

The total length of the Nile River is about 6700 km, 

Abtew et al. [43], and it covers more than 3.18 

million km2 of Eastern Africa [44]. Based on 

Gebreluel [45], GERD will be the most hydropower 

project in African countries. The 2015 Declaration 

of Agreements, which the three countries have 

attached as a reference document and which forms 

the basis for discussions addressing the dams' initial 

filling and yearly operation, is also used by Sudan 

and Egypt to present their perspectives, El Tawil 

[46]. Sudan claims that the levels of water of the Nile 

in the Ethiopian-born Blue Nile River have dropped 

by 90 million cubic meters daily, Abdelaziz et al. 

[47]. As Africa's largest hydroelectric power plant, 

the GERD's 6,450 MW rating will suitably 

outperform the Egyptian AHD’s 2,100MW rating in 

terms of energy production. Perceived as "a national 

project," the GERD project gets a portion of 

Ethiopian government employees' wages, Hicks 

[48]. Ethiopia's energy capacity is 3,200 MW. 

However, its annual per capita power usage is 

among the lowest in the world—65 kWh in 2013—

much lower than the global average of 3,104 kWh 

and the typical of 488 kWh for sub-Saharan African 

states, Kimagai [49]. GERD will also contribute 

significantly to water conservation because Ethiopia 

Highland has a lower rate of evaporation, El-Nashar 

et al. [50]. The annual water requirements for Egypt 

are approximately 120 BCM, according to 

Mahmoud [51]. When the GERD operates at full 

capacity, its hydropower is assumed to generate 

nearly $1 billion annually, Lashitew et al. [52]. For 

example, two years ago, Egypt reduced the amount 

of land used to produce rice by more than 50%, from 

1.76 m to 750,000 acres, to conserve 3 BCM of 

water volume. Egypt has warned that filling the 

reservoir will increase tensions and may lead to a 

disruptive regional conflict [53]. 

 

7. Results and Discussion 

Based on previous studies and agreements 

concluded on the Nile waters between the riparian 

countries, the results of this study show that the 

Grand Ethiopian Renaissance Dam represents a 

source of regional tension between Ethiopia on the 

one hand and Egypt and Sudan on the other. 

Tensions have arisen between the three nations 

surrounding the Ethiopian Dam due to worries about 

the management of the resources of water and 

possible effects on the downstream countries, 

especially Sudan and Egypt, which heavily depend 

on the supplies of Nile water. Ethiopia, Sudan, and 

Egypt have engaged in talks and negotiations on the 

building and managing of the Ethiopian dam. The 

possible influence on downstream water flow, 

agriculture, and other parts of the Nile River's 

ecosystem has been exciting. Politicians, diplomats, 

and specialists in various disciplines, such as 

hydrology, engineering, and international law, have 

participated in these talks. Among other parties, the 

European Union, the African Union and the United 

States have mediated the ongoing negotiations. 

However, because the parties concerned have 

different interests and concerns, it has not been easy 

to agree. The discussions during the negotiations 

have included the dam's operation and filling, how 

water will be distributed during dry spells, how to 

resolve disputes, and the project's overall effect on 

countries downstream. However, no definitive 

agreement that pleased all parties concerned had 

been reached. This work and a review of previous 

studies clarified that the countries upstream and 

downstream of the dam disagree on some issues, 

including the design, construction, filling stages, and 

geological seismic examinations of the Renaissance 

Dam. 

 

Researchers from Ethiopia and other countries 

maintain that the Renaissance Dam was planned per 

international dam building guidelines and that 

earlier studies on seismic hazards and geological 

assessments were carried out. The main point of 

contention between these countries is how to fill the 

Renaissance Dam. Ethiopia has filled the dam on its 

own initiative, claiming that the technique does not 

substantially lower water flow downstream. Rapid 

GERD filling raises concerns among Egyptian 

officials that it may cut off water flow to Egypt, 

impacting drinking water, agriculture, and the 

Aswan High Dam's ability to generate electricity. 

Sudan, on the other hand, is concerned that 

mishandled dam filling and operation would 

interfere with its own dams and water supplies, 

harming infrastructure and agriculture. But in order 

to ensure that Ethiopia coordinates GERD 

operations with downstream nations to ensure 

minimum water flow and avert possible water 

shortages, Egypt and Sudan also want a legally 

mandated framework.  

 

8. Conclusions  

The dispute between the riparian countries 

(Ethiopia, Sudan, and Egypt) on Ethiopia's 

construction and filling operations is complicated 

and calls for a multipronged strategy to be resolved. 

The study's findings, which highlight the primary 

disputes between these riparian countries over the 

Ethiopian dam, are as follows: 

1. Downstream countries are concerned that the 

construction and operation of the project may 

restrict their access to Nile water, which they 

heavily rely on for agriculture, drinking water, 
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and other purposes. They worry that Ethiopia's 

power to control the flow of the Nile could 

jeopardize their access to water. 

2. Ethiopia views the GERD as an essential national 

development program to boost supply power and 

economic prosperity. However, countries 

downstream regard Ethiopia's influence over the 

flow of the Nile as one that might give Ethiopia 

greater leverage in negotiations and control over 

shared water resources. 

3. Despite ongoing discussions and attempts to 

negotiate a trilateral agreement between 

Ethiopia, Sudan, and Egypt, no complete deal 

that considers the interests and concerns of all 

sides has been reached. There are still issues on 

how to run and fill the dam, how to divide water 

in times of drought, how to settle disputes, and 

how to regulate the flows of the Nile over an 

extended period. 

4. The possible impacts of the dam on the 

environment and society, which could include 

changed river flow patterns, sedimentation 

downstream, decreased biodiversity, and 

community uprooting, are another concern for 

the countries downstream. They argue that these 

consequences should be appropriately assessed 

and mitigated before the dam is operated. 

5. The GERD debate could increase regional 

tensions and damage relations among the 

countries involved. It might also worsen already-

existing conflicts and increase instability in the 

Horn of Africa. 

6.  Ethiopia and Egypt argue about where the 

Renaissance Dam should have been built. 

Experts from Ethiopia claim that seismic activity 

occurs in Ethiopia and many other countries in 

the East African Rift region due to tectonic 

factors related to the rifting process. In contrast 

to different places in the world, the seismicity in 

the area of the GERD site is generally considered 

low to moderate. 

 

This study recommends that the concerned countries 

return to the agreements signed between them to 

manage the remaining filling operations, as well as 

the rational management of the waters of the Nile so 

that the downstream countries are not harmed. These 

countries should focus on the following aspects 

regarding the GERD: Negotiation and Diplomacy, 

International Mediation, Joint Technical 

Committees, Information Sharing and 

Transparency, Legal Framework, Compromise and 

Flexibility, Regional Cooperation, Investment in 

Alternative Solutions, Long-Term Planning, Public 

Engagement and Awareness, etc. By combining 

these approaches and fostering a spirit of 

cooperation and mutual respect, a resolution to the 

conflict surrounding GERD that meets the needs and 

concerns of all parties involved may be possible. 
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