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Summary 
 

With the commencement of infrastructural projects funded by USAID and implemented by WFP 

in the Bor counties of southern Sudan, for some stretches of land on the eastern embankment of 

the Bahr el Jebel in the southern Sudd area, a hydrological study as part of an environmental 

impact assessment for the “Bor County Road & Dike Rehabilitation Project”  was carried out, 

comprising of literature studies, data collection and evaluation as well as the setup of a numerical 

model using the DHI Mike 11 GIS modelling system, taking into account the available historical- 

and newly measured data which was collected mainly by temporary monitoring stations as well 

as through measuring campaigns. Based on this information and data, a thorough data evaluation 

followed by a scenario analysis was carried out which returned the necessary information for the 

generation of spatial maps and data series as a base for the judgement of the impacts of the 

planned dike structures. Alternative designs as proposed by different stakeholders and to mitigate 

unwanted effects were considered during these analyses. As a side product the lessons learned 

during the study provide a sound database and tool for any other future expansion of 

infrastructural activities or easy expansion of the area of interest over the whole Sudd area. 

 

Scenarios which were investigated contain different flood and rain events as well as different 

alignments of the dike system considering the currently implemented dike alignment as well as a 

Mabior Gol closing option and an option of a even larger scope of dike works further to the west, 

in comparison to the historical situation with the dike system being destroyed and none 

functional.  

 

Results obtained from the assessment show that the reconstruction of the dike system in the 

currently implemented version will lead to slightly elevated waterlevels and a change in 

inundation pattern in the remaining floodplains and swamp area. The magnitude of the changes is 

correlating linearly with the percentage of floodplain being cut off the system. From a 

hydrological point of view and seen in absolute numbers, the changes for the remaining 

floodplains can nevertheless be judged as being not significant as the seasonal inundation pattern 

maintains to be stable and the differences in inundation depth caused by the different dike 

options are lesser than differences caused by yearly variations in flood levels as controlled by 



Bor County Road & Dike Rehabilitation Program – Environmental Impact Assessment  
Hydrological Study 

 

                                            United States Agency for International Development                                                3 

Lake Victoria discharge. Nevertheless, the effect of area being cut off the floodplains needs to be 

judged under consideration of also other than hydrological factors in an overall EIA approach. 

 

Under all different options the changes for the areas behind the dikes will be most significant as 

these areas will be cut off from the seasonal river flooding cycle. Some limited flooding will 

persist in these areas, mainly caused by rainfall induced flooding altered by creeping flow 

mechanisms which will lead to standing water and ponding in local depressions until the 

rainwater is evaporated again. 
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1. Introduction 
 

The area of interest, about to be changed by the Bor Counties Road & Dike Rehabilitation 

Project, is embedded in the 30,000 km2 Sudd wetlands area, one of the largest wetland areas 

worldwide and a major feature in the region (Baecher, 2000). It is the largest freshwater wetland 

in the Nile basin stretching from Bor in the south to near the Sobat confluence with the White 

Nile just upstream of Malakal in the north and westwards along the Bahr el Ghazal. The size of 

the Sudd varies from season to season and year to year. Between 1961 to 1963 a great increase in 

the inundated area was observed when the level of Lake Victoria rose and the outflow increased. 

The total area is related to the amount of water reaching Bor from Albert Nile and from torrents 

or seasonal watercourses that can add substantial amounts to the flow in the upstream end of the 

Sudd. During the 1960th increase in Lake Victoria discharge, where flows at Mongalla have 

roughly doubled, the flows at Malakal at the northern end of the swamps had increased by 1.5 

times the previous average flow. As a consequence of these high flows, the area of permanent 

swamp and the area of seasonal floodplain have together increased to 2.5 times their former size. 

The swamps have increased the most but even so the seasonal floodplain is 1.5 times its previous 

size (Mefit-Babtie, 1983) 

 

Pastoralists use the Sudd and the surrounding areas extensively. Life stock and rainfed 

agriculture are the dominant means of support for the largely rural population for which the 

seasonal flooded grasslands along the Sudd provide valuable grazing lands (Baecher, 2000). 

 

Hydrologically the Sudd plays an important role in storing floodwaters and trapping sediments 

from the White Nile. In average 55 percent of the waters entering the Sudd are lost by 

evapotranpiration and thus only half of the flow of the Bahr el Jebel at Bor reaches the northern 

outlet of the Sudd (Baecher, 2000). 

 

For this area with its highly productive vegetation, boosted by rich soils and availability of water, 

a large influx of people and lifestock is expected with people returning from refugee settlements 

to their homelands. Infrastructural development activities are planned to allow for such an influx, 

considering accessibility, supply stability and homestead security as the major factor for a 

successful resettlement. 
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2. Terms of Reference 
 

2.1 General guidelines and common TOR 

 

All specialists working on the various components of the EIA study were required to observe the 

following general guidelines: 

 

1. Be mindful of the fact that the ultimate purpose of the EIA study is not to decide whether 

the project is to be undertaken or not but rather to produce scientific and objective 

assessment of the significance of the potential impacts of the project and risks involved 

and identify and propose mitigation measure for reducing negative impacts and enhancing 

positive effects that will assist concerned decision makers’  judgment; 

2. Carry out the assessment activities described in this report and the scoping statement 

prepared as a prelude to this EIA as relevant to their specialized tasks; 

3. Participate in the study as an integral part of the multidisciplinary team of experts leading 

or involved in carrying out the various components identified above under the direct 

supervision of the Team Leader and Coordinator of the study; 

4. Take note of the interdependencies between the impacts identified and pay careful 

attention to the strong connectivity between all components of the study in conducting 

their specialized assessments with the purpose of providing input into other specialists’  

assessments as necessitated by the overlapping nature of the TOR for the different 

components of the EIA; 

5. Participate in multidisciplinary meetings and discussions and interact and share 

information with other specialists as much as possible in the course of conducting 

searches of relevant literature, field visits and actual impact assessments; 

6. Ensure that key questions developed as essential to their part of the analysis are discussed 

with the team leader and other team members in preparation of site visit protocols and are 

discussed during field visits, as pertinent, with key stakeholders on the ground who will 

be asked to give their frank assessments of the impacts of the project; 

7. Contribute to the consultative process essential to the satisfactory conduct of the EIA by 

taking the lead in identifying other individuals (relevant government, non-governmental, 
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cooperating sponsors), as concerns his/her particular specialized area and maintain a 

record of those interviewed for inclusion in the EIA report as corroboration of public 

consultation; 

8. In conducting their specialized assessments, expert reports should make quantitative 

analyses, to as much as data availability allows, and qualitative assessment of: 

a. The scope, extent, magnitude, significance and duration of potential impacts 

identified in the key issues section and specific TOR in respective sections of this 

document 

b. The level of risk involved, at least qualitatively in terms of whether each impact 

represents low, medium or high risk to the environment and society 

c. The degree of confidence in results and conclusions arrived at 

9. Identify alternative options and measures for mitigating potential negative impacts and 

enhancing positive outcomes of the project and based on which develop environmental 

management and monitoring plans (EMP) to guide the redesign and implementation of 

the project. 

 

2.2 TOR for  the hydrological impacts study 

 

1. Use appropriate numerical modeling and spatial analyses and mapping techniques to: 

a. Determine the extent, depth and duration of flooding under current dry and wet 

seasons’  conditions as well as different flooding scenarios 

b. Assess the impact of the proposed dyke intervention as currently designed on the 

extent, depth and duration of flooding on both sides of the dyke during the dry and 

wet seasons 

c. Identify alternative designs/structures of the planned dyke that would reduce its 

hydrological impacts and accordingly assess and predict impacts on the extent, 

depth and duration of flooding on both sides under alternative design options 

d. Identify key low-lying corridors (with potential to work as main irrigation 

channels) in the east-west distribution of the wetland and river-flooded grassland 

to inform alternative dyke structural designs and operations for reduced impacts 

on access to water and grazing in the dry season and the consequences of that for 
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people, livestock, wildlife, fisheries and the general functioning of the affected 

wetland ecosystem 

e.  Assess the impact of the current and alternative designs of the dyke on ground 

and surface water resources, particularly on the east side during the dry season  

f. Determine different typical scenarios for structure operation and failures 

2. Implementing task 1 will require the use of a numerical model capable of characterizing 

the hydrodynamics of flooding in the affected area (in the appropriate cell size and time 

steps) and of predicting impacts of alterations to existing landscape caused by the dyke 

intervention. Such a model will need to be complemented by spatial analyses tools to 

capture the spatial dimensions of potential hydrological changes. As a base for setting up 

the model environment a digital elevation model (DEM) refined with raster survey data 

for specific ground disturbances not captured by the DEM grid will be necessary. This 

will also require bathymetry data, cross sections and longitudinal sections of the Nile, 

which could be acquired from historical sources or measured using echo sounding 

methods. Moreover, bed forms, bottom roughness and the vegetation have to be taken 

into account to describe the friction resulting from the stream boundaries and vegetation 

growth in the whole water column in many places. This will accordingly require 

comprehensive literature surveys and investigations to select and adapt the appropriate 

modeling and spatial analytical techniques to be used in support of assessing the potential 

hydrological impacts identified above. 

3. Use the selected model to generate output data in the form of maps and time series for 

specific and representative locations over certain periods. Such output data will include: 

a. Area flooding by inflowing river waters from upstream rain events 

b. Area flooding by blocked river waters by downstream rain events 

c. Area flooding by local rainfall events 

d. Mapping of different flooding extents under specific scenarios 

e. Calculation of water levels and flows 

f. Flooding and drying of areas 

g. Overland sheet flow 

h. Evaporation 

i. Resistance to flow due to vegetation cover 

j. Structure operation like open culvert and gate flow 
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k. Structure failure like overtopping and dyke break 

4. Assess potential hydrological and fluvial impacts (in terms of above listed output data) 

under alternative dyke structure and operation options 

5. In consultation with wetland, wildlife, livestock and socio-economics specialists identify 

alternative dyke structure and operation options to mitigate the identified potential 

negative impacts on: 

a. Access to grazing and water resources in the dry season 

b. The biology of rain-flooded and river-flooded vegetation (species composition, 

etc.)  

c. Wildlife migration routes during the dry season 

d.  Availability and access to seasonal fishing during dry season 

e. Sediment deposition (this is questionable to be possible to be determined in the 

current stage) 

6. Develop sound environmental management and monitoring plans (EMP) under the 

alternative dyke structure and operation options 
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3. Approach to the study 
 

With peace in Sudan signed and infrastructural activities having commenced in the Sudd swamp 

area of southern Sudan, an environmental impact assessment combining different fields of 

expertise of hydrology, wetlands, wildlife, agriculture and socioeconomy has been launched to 

investigate in the effects of the planned activities. Within this framework the objective of this 

hydrological study was to investigate the hydrological situation of the Sudd swamps focused on 

the Bor county area in the southern part of these swamps. With this investigation a sound 

knowledge of hydrological conditions, flood patterns and flood levels was achieved which was 

used to judge the impacts of the infrastructural activities in the area, to mitigate their impacts by 

providing alternative solutions where applicable and by providing a base for further 

infrastructural, agricultural or other development of any kind and expansion of the investigations 

over the whole Sudd area. In relation with the other fields of expertise of the environmental 

impact assessment the study results will as well be used to investigate changes in the extents of 

wetlands, wildlife and agricultural impacts. 

 

 

Figure 1: Overview of the complete Sudd area and area of interest 
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3.1 Objectives of the assessment 

 

Specific objectives as refined during the study to achieve the ToR of the study can be detailed as 

follows: 

- Preparation of an area description regarding the hydrology, morphology, vegetation and 

physical features of importance for the study 

- Establishment of a sound database for hydrological and meteorological data as e.g. flow, 

waterlevel and precipitation data 

- Setup of a calibrated and validated numerical model using DHI Mike11 GIS software, 

capable to hindcast various runoff scenarios as well as forecast and investigate in artificial 

changes of the floodplain morphology 

- Conduct of various scenario analysis regarding the following aspects: 

o Hindcasting of historical runoff conditions 

o Hindcasting of current floodplain situation with different runoff conditions 

o Hindcasting of current situation with specified representative runoff conditions 

(high / low / mean runoff from Lake Victoria with different rainfall events in the 

region based on representative historical conditions) 

o Forecasting situation with different artificial changes in landscape (dikes) with 

above specified representative runoff conditions 

- Evaluation and description of the southern Sudd hydrology using numerical model and 

scenario analysis in combination with data analysis  

o Evapotranspiration and soil water recharge factors  

o General water balances, flood and drainage mechanisms in the area of interest 

o Relation to Lake Victoria waterlevels 

o Influence of local and regional rains 

o Creeping flow 

- Evaluation of infrastructural activities 

o Impacts of artificial changes in landscape (dikes) on the area hydrology with a 

description of advantages and disadvantages of current dike layout compared to 

alternative alignments and original situation 

o Review of dike height design with reference to different degrees of flood 

protection 
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3.2 Approaches employed 

 

For achieving the proposed goals as detailed in the objectives of the assessment, investigation 

reports, hydrological and meteorological data was acquired from historical sources and by actual 

measurements in a small scale grid to provide a good database for the area of interest and its 

boundaries.  

 

Main datasets obtained were: 

- Historical Nile flows and waterlevels for the Sudd: The Nile Basin, Volume II and IV 

- Lake Victoria waterlevels: Topex/Poseidon/Jason satellite altimetry 

- Lake Victoria outflows 

- Precipitation data: FEWS calculated rainfall estimates and measured data 

- Historical precipitation averages for the Sudd area 

- Hydrometeorological data from measuring campaign in area of interest 

- ASTER satellite imagery 

- Landsat satellite imagery 

- SRTM derived elevation data 

 

Secondly to the historical data acquisition, hydrometeorological monitoring stations and 

measuring campaigns were used to acquire up to date data in a fine spatial resolution within the 

area of interest. This data was then used to be correlated to Lake Victoria outflow data under 

consideration of regional rain conditions. The hydrometeorological monitoring was carried out 

using Campbell Inc. equipment with CR-10X dataloggers. The stations were set up at strategic 

locations near positions of historical gauging stations.  
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Figure 2: Overview map of available historical measuring locations (red) and current measuring 

stations (yellow)within the area of interest 

 

Measuring campaigns were mainly focussed on the generation of long- and cross sectional 

bathymetrical profiles and current velocity profiles. Echo sounding techniques were used and 

data processed for adding the bathymetries into the digital elevation model. Cross sectional 

current velocities were measured at different points and in different depth of the channel cross 

section at key locations. These flow measurement in combination with the cross sectional 

bathymetrical profiles were then used to estimate flow values for the respective cross sections 

and correlate them to water level readings. Reference was taken to different measurement 

locations for which historical data is available in E.A. Hurst, The Nile Basin. It had to be taken 

into account that a considerable flow could also be expected to go through the reed and papyrus 

fields. As measurements with proper bathymetries and current velocity values here were difficult, 

sample measurements were conducted and averages estimated for the cross sections in question. 
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Experiments were carried out regarding evapotranspiration and soil water recharge factors. In 

addition to the measuring campaigns, monitoring station data and experimental data, continuous 

area observations in representative locations generated further information details on the area 

hydrology. 

 

The data was then evaluated and compiled to be used for making first statements on the 

hydrological situation and being used for further mathematical or numerical investigations. For 

prediction of the influence of manmade changes in the hydrologic system, a mathematical – and 

in a second stage a numerical model using the DHI Mike11 system was set up to analyze 

different scenarios of hydrological conditions and manmade structures to evaluate their possible 

effects.  

 

ASTER and Landsat satellite imagery for the area of interest from different points in time, 

reflecting different seasons and different events of interest, were collected from different sources 

but mainly obtained through ICRAF, Nairobi. These images were processed for conducting 

change analysis of swamp extent and lagoon / channel system. On basis of these images, spatial 

change analysis regarding water level differences and flood extents were carried out using GIS 

techniques and software, then compared to flow event analysis which established a correlation 

under consideration of regional rain events. Next to this it was planned to generate a 30m 

resolution DGPS ground referenced digital elevation model. Problems faced during the DGPS 

survey were that not all areas for which ground control points were necessary could be accessed 

due to infrastructural or security reasons, which lead to the need to apply statistical data 

extrapolation techniques to cover and ground reference the whole DEM area. Further problems 

occurring during the process of ground referencing the DEM later leaded to a different approach 

using 90m SRTM data for the DEM.  

 

Small scale morphological features like secondary dikes, not captured by the DEM were 

considered by integrating ground survey information through which alignment and levels of 

these structures were derived. Channel and lagoon bathymetries were captured through echo 

sounding campaigns and implemented in the DEM as classified default values for main channels, 

side channels and lagoons. 
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The evapotranspiration factor as a mayor component for the area hydrology was investigated 

based on Penman’  studies (1948) and results found by Mohamed (2003). This factor was 

assumed to play a key role in the model calibration. Physical experiments on open water 

evaporation as well as evapotranspiration from vegetated areas in natural pools (old borrow pits, 

now flooded and partly vegetated with grasses and reeds) were conducted and seconded by 

measurements of rainfall, solar radiation, temperature, humidity and windspeed, These factors 

were then correlated so that an indication for evaptranspiration values was found. 

 

Soil water recharge was investigated by physical experiments based on values obtained from Dr. 

J.V. Sutcliffe (2005) and through in situ observations. 
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4. Assumptions and limitations 
 

During the process of the study some assumptions had to be made to supplement for outstanding 

data as well as to deal with some limitations which had to be faced. These were mainly shortages 

on the data side in combination with a short timeframe for the study, not allowing the collection 

of up to date data for the area of interest to a sufficient extent throughout a minimum of one full 

hydrological cycle. As a substitute historical data was used which was more scattered and had a 

lot of gaps so that only limited timeperiods with good spatial and temporal coverage could be 

used while still some data had to be supplemented by interpolation. In addition it took quite some 

more time than expected to obtain the data as it could not be procured from Khartoum as 

expected but other sources in Britain had to be found. The same limitation applied for e.g. 

evapotranspiration experiments for which no generation of long term data series was possible 

during the study period. 

 

In addition to the above problems in data acquisition, other constraints were the difficult logistics 

on site not allowing the collection of data in some remote locations as well as leading to 

shortages in the collection of field experiment data like e.g. establishing the flow through reed 

fields. As a typical cross section of the permanent swamp area shows a percentage of 90% reed 

fields with a water depth of in average 1.5-2.0 meter, a considerable amount of flow can be 

expected to go through these fields, a quantity which under the current situation could only be 

estimated. Logistic problems also lead to prolonged downtime for some of the key equipment 

used on site. 

 

A major constraint for the setup of the numerical model was the availability and quality of a 

DEM, being the base for the spatial analysis of water levels and inundation times. Initially a 

ASTER generated 30m DEM was planned to be used, but the idea needed to be discarded as 

some problems could not be solved during the DEM building process. As an alternative a 90m 

SRTM DEM was improved to suite the modelling needs while it needs to be taken into 

consideration that also here undulations between different orbital paths occur, leading to “steps” 

in the DEM surface which  - even if comparably small – have an influence on the model results 

in this extremely flat and featureless area. 
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Next to the limitations on the data side it needs to be mentioned that construction works on the 

dike have already commenced along the old original dike line and are partly finalized. The south 

Bor region is completely diked in, so that it was not possible to collect data on the original 

situation in this area anymore.  

 

For the model calibration, a major constraint was the none-availability of satellite image derived 

flood extents maps which were planned to be used for calibration purposes. The product only 

became available by beginning of December. The model has therefore only be calibrated using 

waterlevels, not considering a calibration of the flood extent into the seasonal flooded grasslands. 

 

The extremely flat area also leaded to problems in the modelling process in delineating the 

streamflow pattern. The natural flow direction is slightly diagonal to the ground slope, a fact the 

model can not cope with. Some steps had therefore to be undertaken to force the model to adapt 

to this situation. 

 

Judging the capability of the model, the results in general show a good approximation of the 

hydrological processes of the area, indicating inundation area and depth to a realistic extent, but 

with a low degree of confidence regarding the absolute numbers produced. Results so far are 

estimated to be 25% off of realistic values what represents a good approximation given the 

conditions and constraints under which the model was built up. Some outstanding data regarding 

channel change and flood extent analysis in combination with further dataseries will also further 

refine the picture leading to results with a higher degree of confidence. 
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5. Administrative, legal and policy requirements 
 

Legal issues that had to be dealt with were mainly the consideration of stakeholder interests in 

the project from donor, client and local population side. In assessing different scenarios, 

authority and local population needs were considered while taking into account the feasibility of 

these scenarios from donor side.  

 

Administrative issues also lead to non-availability of data as described in Chapter 4. 

 

A main constraint on site was the weak structured system of local authorities which lead to 

subsequent problems in data gathering and finally to the destruction of two monitoring stations 

where local authorities were not able to create community awareness  and protect the gadgets as 

agreed. 

 

It also needs to be mentioned that, after no original planning documents for the original dike 

alignment could be found, a Euroconsult (1981) report containing all available planning 

documentation for the dike system as constructed in 1983 could finally be obtained. This report 

contains valuable hydrological background and planning information and also describes the 

swamp situation of that time. In currently following and reconstructing the original dike line, the 

implementing agency basically obeys the findings of this report. 
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6. Descr iption of alternatives 
 

Different alternatives as described in the following paragraphs have been looked into regarding 

their suitability, feasibility and hydrological impact. The options are based on proposals from 

different stakeholders as well as under consideration of the historical alignments. 

 

In general the construction works comprise of the reconstruction of a uniform clay dike body, in 

average 1.5-1.8 meter high, with four meter crest width, 1:3 sideslopes and a grassy surface 

cover. The dike is accompanied by a slightly elevated maintenance road in the inner side. The 

dike will cut off parts of the seasonally flooded toich area, which is traditionally used for grazing 

and fishing purposes, depending on the season and state of flooding. 

 

Gate structures are planned to be inserted into the dike body to allow a controlled intake of water 

into the protected areas. Under the current plans, the gate structures will be used to fill old 

rehabilitated borrow pits behind the dike. These reservoirs will be used for livestock drinking 

purposes when waters from the seasonal floodplains retreat during the dry season. It is also 

planned to dig simple water supply channels from these ponds which will, timely limited as 

depending on the waterlevels in the pits, supply water to areas further off the pits. 

 

Borrow pits, after being decommissioned, are rehabilitated by smoothening out soil dumps and 

creating gentle side slopes for using them as water storage ponds as described above. 

 

Roads being built under the same contract have a hydrological negligible influence as they are 

only slightly elevated above the surrounding ground to be safe against rainwater flooding and 

they are equipped with culverts in certain intervals, allowing for the balancing of waters from 

both sides of the roads. As in the flat area no drainage structures other than the balancing culverts 

are used, the changes in the local hydrological conditions can be seen as being negligible. 

 

 

 



Bor County Road & Dike Rehabilitation Program – Environmental Impact Assessment  
Hydrological Study 

 

                                            United States Agency for International Development                                                22 

6.1 Histor ical situation: Completely deter iorated and eroded dike 

system 

 

The dike system as being found during the first assessment in January 2004 showed a state of 

complete deterioration. The dike was completely eroded to a remaining height of in average 0.3 

meter and a width of 0.5 meter. In addition the remaining structure was breached at various 

locations where water was flowing freely. In general the total length of dike was overtopped 

during the flood season leaving the dike with no effect. 
 

6.2 Dike alignment 1: Cur rent plan with Mabior  Gol realignment 

 

The current alignment for which construction has already commenced is based on the original 

dike alignment as it had been implemented in 1983, but adapted to realign around the Mabior Gol 

area without cutting off the flooded areas between Jalle and Maar communities leaving a 

approximately 25km wide gap. The Mabior Gol area which is currently permanently flooded and 

which is planned to be left out from the dike construction activities in the current design has a 

size of approximately 330 km2. From Maar northwards, the currently planned alignment jumps 

back onto the old dikeline from 1983 

 

The option of leaving out the Mabior Gol area was chosen as the permanently flooded conditions 

in the area do not allow for the commencement of any construction activities under the project 

scope and with the available resources. 

 

The area being prevented from being flooded by river water can be estimated as 930km2 under a 

mean flood event, while the remaining flood area including the permanent swamp area with the 

same northern and southern boundary can be estimated with 5000 km2 leading to 16% of the 

floodplain being cut off by the dike works under the described alignment. 
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6.3 Dike alignment 2: Or iginal alignment through Mabior  Gol 

 

As an alternative alignment, the original dike and road alignment straight through the Mabior Gol 

region between Jalle and Maar was investigated. This alternative leads to the cutoff of a 330 km2 

large swamp area which will then subsequently dry out and be lost as toic grazing area for the 

benefit of resettlement possibilities. This option was heavily supported by the local population as 

the area in question would then be available for settlements of the Jalle community again who 

was settling in this area originally. Nevertheless, as the area lies in a slight depression, it would 

still be prone to rainwater flooding. 

 

Cutting off this area would lead to a total protected area of 1260 km2 being 21% of the total 

flooded area. 

 

6.4 Dike alignment 3: Extended dike alignment to the west 

 

An extension of the dike alignment further out to the west into the seasonal floodplain is another 

option proposed by the local communities and already considered in the Euroconsult report from 

1981.  

 

While this alignment would have been just feasible under the hydrologic conditions of the 1980’s 

as described in the Euroconsult report, the current flooding situation would not have allowed for 

any activities employing heavy machinery further out to the west of the current dike line. An 

additional 200 km2 of seasonal flooded grasslands would be cut off under this option leading to a 

total of 25% of the floodplains being protected by the dike system. As not feasible under the 

current conditions, this option was not considered further in the model assessment of the different 

scenarios. 
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7. The affected environment 
 

7.1 Location 

 

The study area of the EIA is an area of 8000 km2, roughly 110 by 100km eastwards and 

northwards respectively, northwards of Bor town between Bor and Shambe in the southern Sudd 

area of southern Sudan. The area is characterized by the permanent swamp area of the Nile with 

its adjacent floodplains and rain catchment areas on slightly higher ground. The area is very flat 

with differences of elevation staying in the range of a few meters. 

 

 

Figure 3: The core study area of Bor counties between Bor, Mabior and Shambe 
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The geographic position of the model area in the WGS 84 coordinate system stretches between 

6.05 and 7.05 degrees northern latitude and 30.83 to 31.73 degrees eastern longitude. 

 

7.2 Bathymetry and morphology 

 

The morphology of the area is defined by the channel and lagoon system of the permanent Sudd 

swamps, the adjacent flood plains and the surrounding flat terrain. The Bahr el Jebel runs to the 

north-northwest in a slight angle to the gradient of the floodplain. North of Juba the river flows in 

an incised trough. The banks of this trough decrease in height from south to north with the Bahr 

el Jebel approaching Bor and end into the Sudd floodplain just north of Bor on the eastern bank 

and towards Shambe on the western bank. The river meanders from side to side in the restraining 

trough in one or more channels and divides the floodplain into a series of isolated basins and 

islands. The basins lie below the level of the alluvial banks of the river through which a number 

of channels carry spill. At the lower end of the basin, where the river and high ground meet, a 

large channel leads from the basin back into the river. The whole Sudd region consists of a 

succession of these basins (Mefit-Babtie, 1983). In the south they are confined within the trough 

but further north they are not limited by higher ground and the system of river channels becomes 

even more complex. A general slope with a gradient of 1m/10,000m can be monitored from SE 

to NW. The characteristic of the river with its network of channels and lagoons is very clear 

distinguishable from satellite imagery.  

 

7.3 Water  levels and flow 

 

The description of waterlevels and flows in the area of interest was mainly based on the 

investigations described in the Mefit-Babtie report from 1983. The area of interest experiences an 

inflow of Nile water from the south and an outflow to the north. The southern inflow is well 

defined by the riverbed section and current velocities of the Nile, which at Bor is still in a defined 

riverbed. The northern outflow is characterized by being a shallow swampy area with only 

shallow waterdepth, high vegetation content and meandering channels. Another source of water 

is the inflowing rainwater from the surrounding floodplains and higher lands as well as 

precipitation over the area. The flow of the Nile – in this area the Bahr el Jebel - is seasonally 

fluctuating. Between May and November each year high flows in the Bahr el Jebel swamps spill 
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over the riverbanks and flood large areas beyond the permanently swamps. During the other half 

of the year the flood waters retreat, uncovering a highly productive and nutritious naturally 

irrigated pasture (Mefit-Babtie, 1983). 

 

The inflow of the swamps combines a fairly steady component which varies from year to year 

according to the levels of the East African lakes, and the seasonal and variable discharges of the 

torrents upstream of Mongalla. The first source is dampened by lake storage and has alternated 

between periods of high and low flow, with a recent period of high flows beginning in 1961. The 

second source, the torrents, fluctuates rapidly in response to seasonal rainfall in the highlands of 

Uganda and Equatoria. Thus for six month of the year the influx is fairly steady and clear, while 

for the rest of the year it is larger, more variable and more turbid. 

 

Below Mongalla the channel carrying capacities are less than the high flows and thus the 

channels are not able to contain them. The alluvial channels themselves are higher than the 

surrounding flat ground of the floodplain. Thus excess flows leave the river channel through spill 

channels and inundate wide areas on either side of the river. This flooding is restricted by friction 

due to vegetation growth in the inundated areas. The high river flows coincide with the rainfall 

season within the swamps in the months of April to October and with a period of relatively low 

evaporation, while the outflow from the swamps at Malakal is relatively constant with a much 

dampened seasonal cycle and only approximately half of the inflow.  
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Figure 4: Inflow, outflow and losses in the Sudd area 

 

The combined effect of these processes is that varying areas are inundated permanently or 

seasonally, with the uncovering of the seasonal floodplains coinciding with the dry season. The 

areas of permanent swamp reflect the longer term variations in flow from the East African lakes, 

while the area of seasonal floodplain is a function both of the long term variations and of the 

seasonal high flows due to the rainfall in the torrential catchment areas.  The seasonal pattern of 

inflow and long term variations in that pattern interact with the topography of the area to control 

the passage of water through the swamp and the pattern of spilling over the floodplain. 

 

The outflow from the Bahr el Ghazal basin is negligible with only 3% contribution (Sutcliffe, 

1999). 

 

The long-term inflow into the Sudd system is mainly controlled by the outflow from Lake 

Victoria. This is described in detail by Mefit-Babtie (1983) and indicated in a relation of increase 

of Lake Victoria discharge to Mongalla discharge since 1961, showing a factor of +1.86 for Lake 

Victoria and +1.88 for Mongalla. Here it is also indicated that a correlation exists under the 

described conditions between the area of floodplain and the Malakal minus Doleib Hills tail of 

swamp discharge volume, which indicates an increase of 1.56 and 1.51 respectively.   
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For short term changes, the seasonal torrential equatorial discharges, superimposed on the rather 

steadier lake discharges are the driving force behind the annual wetting and drying cycle of the 

floodplain, but it cannot be said that the equatorial torrents alone control the floodplain area. Any 

long-term reductions in the river discharges through the Sudd, for whatever reason, will affect 

the area of both the true swamp and of the seasonal floodplain as also described in the above 

paragraph (Mefit-Babtie, 1983). 

 

Regarding the influence of Owen Falls Dam, Kite (1981) has examined the role of Owen Falls 

Dam that went in operation in 1954 at the outlet of Lake Victoria in obstructing the discharges 

from it. Operation rules of the dam, which controls the turbines in the centre of the river but not 

the natural sluices either side of it, are related to the lake levels and the previously measured 

natural discharge of the river. The dam is considered to only have contributed 0.03m to the rise in 

lake level and can therefore be discounted for the lake level rise starting from 1961. 

 

7.4 Meteorological conditions 

 

The study area has a tropical summer rainfall climate in which the rain is associated with the 

Inter Tropical Convergence Zone ITCZ, with its position being determined by the position of the 

sun. The ITCZ is associated with the latitude at which the sun is overhead at midday. The ITCZ 

tends to lag behind the sun so that the wettest month tends to fall about a month after that in 

which the sun was overhead at midday (Mefit-Babtie, 1983). Under these conditions and with a 

position of around six degrees northern latitude, the area has a mean precipitation of 800 to 

900mm per year, falling mainly in a pronounced rainy season between May and October. The 

precipitation is relatively uniform over the area, declining slightly from south to north, but 

varying greatly between different years (Mefit-Babtie, 1983). 

 

Rainfall gauges are available in some distance while no historical data was available from within 

the study area. Due to reasons described above the year is fairly clearly divided into a wet season 

and a dry season. Although rain may fall at any time of the year, only light showers might occur 

during December to March. Average annual totals do not vary greatly over the study area while 

there is a slight tendency for a decrease from south to north while it needs to be considered that 

fluctuations between the years greatly exceed regional variations (Mefit-Babtie, 1983). Within 
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the wet season the rains are interrupted by a dry spell of weather for approximately one month 

which might be explained with the proximity to the equator and a so more likely two peak 

rainfall system. As the timing of this dry spell is unpredictable, it only occurs in 70% of the years 

for Bor area, its effect on agriculture and crops can be desasterous as crops might be hit when 

already having developed a large leave area and therefore loosing water quickly through 

transpiration. If the water cannot be replaced the plant will suffer. 

 

Much of the rain that falls during the rainy season falls as relatively brief heavy storms which are 

often very localised. During such storms the rate of precipitation greatly exceeds the rate of water 

infiltration into the soil so that water accumulates on the surface. Creeping flow, a slow flow then 

occurs along the gradients which are generally to the northwest. Anyhow it needs to be noted that 

in general evapotranspiration largely exceeds precipitation leading to soil moisture deficits in non 

flooded areas. 

 

Evapotranspiration was initially considered with a value of 2150mm, a value derived after 

Penman for Bor as open water evaporation (Sutcliffe, J.V., 2005). This value is confirmed by 

reports for Bor area (Mefit-Babtie, 1983) 

 

The area experiences only slight winds with temperatures ranging between 20 and 40 degrees in 

average leading to an evaporation of around 1500mm 

 

Temperatures in the area fluctuate both seasonally and diurnally. They tend to be highest during 

the early and late wet season and at the end of the dry season. Lowest temperatures occur during 

the wet season.  

 

Relative humidity is closely related to temperature. Humidity is highest during the wet season 

and lowest during the late dry season. Relative humidity also decreases from south to north  

(Mefit-Babtie, 1983). 

 

Sunshine and solar radiation area at their peaks during the dry season. In the southern Sudd area 

the annual solar radiation cycle is distinctively more variable than in the north (Mefit-Babtie, 

1983). 
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Table 1: Mean monthly and annual meteorological data (Mefit-Babtie, 1983) 

  Mean Monthly and Annual Meteorologic Data           

               

  Source: Mefit-Babtie, "Development Studies In The Jonglei Canal Area, Final Report" April 1983 

  Original Source: Sudan Meteorological Authority       

                          

Month Temp C Rel Hum % Sunshine % Sol Rad cal/m2 Windsp m/s Evapo mm 

  Bor Malakal Bor Malakal Juba Malakal Juba Malakal Bor Malakal Bor Malakal 

  41-70 41-70 41-70 41-70   41-70   41-71 77-81 50-53 41-70 41-70 

                          

Jan 28 26.9 41 24 78 83 442.5 480.9 1.6 3.89 217 192 

Feb 28.7 28.3 41 21 69 82 448.9 527.2 1.61 3.98 190 188 

Mar 29.7 30.5 47 24 58 73 445.7 530.4 1.63 3.35 202 205 

Apr 28.7 31.1 60 36 54 70 432.5 533.7 1.5 2.77 186 192 

May 27.5 29.5 68 55 63 60 479.7 495.6 1.17 2.5 183 170 

Jun 26.7 27.5 71 66 60 45 456.1 446.9 0.94 2.46 139 138 

Jul 25.7 26.1 78 74 48 39 412.6 440.1 0.75 2.64 140 152 

Aug 25.6 26.1 77 77 56 45 460.2 469.4 0.82 1.97 140 133 

Sep 25.3 26.7 75 73 64 50 503.1 480.3 0.78 1.74 150 138 

Oct 27.3 27.5 68 66 62 60 474.2 484 0.86 1.83 177 152 

Nov 27.8 27.3 57 42 66 79 455.8 490 0.9 2.39 189 165 

Dec 27.3 26.5 46 28 79 89 443.5 496.2 1.97 3.98 217 183 

                          

Mean 27.4 27.8 60 49 64 65 454.6 489.6 1.18 2.77     

Total                     2150 2008 

 

As might be expected from the above conditions, evaporation rates are at a maximum in the dry 

season and a minimum in the wet season. Daily values vary from approximately 4.5mm to 

7.0mm. Monthly and annual totals do not vary greatly from north to south in the study area, 

annual values being of the order of 2000mm. Actual annual evaporation losses from soil and 

plant surfaces will be significantly lower over the non flooded areas due to the lack of moisture 

during the dry season (Mefit-Babtie, 1983). It needs to be considered as well that 

evapotranspiration from vegetated areas will not be as high in their value as open water 

evaporation. 
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Concerning plant transpiration, studies have been undertaken by Migahid (1947) and Rijks 

(1969) with reverse outcomes. Migahid conducted some simple experiments in the Sudd which 

indicated a greater water loss from Papyrus than open water. Rijks did some work in Uganda and 

found the opposite. 

 

Within the current hydrological study evapotranspiration experiments have been conducted 

within the area of interest, using a confined pool with reed and grass growth being representative 

for the area.  

 

Water levels were measured daily on a measuring rod in combination with raingauge readings at 

the same location. Evapotranspiration values were computed considering waterlevel fluctuations 

and rain events. Values found are altered by factors like cloud cover and solar radiation as well 

as temperature and wind, factors which would need further investigation. Average 

evapotranspiration values found are in the range of 5-10mm, methods for readings in the pond 

have to be refined before more accurate values can be published 

 

7.5 Vegetation 

 

Vegetation cover of the area can generally be classified in five categories which occur depending 

on the elevation of the area above river flood level. 

- Swamp 

- River flooded grasslands (toic) 

- Rain flooded grasslands 

- Wooded grasslands 

- Woodlands 

- Cultivated area 

 

The density of the grasslands here is changing depending on the season, being tall grass in the 

rainy season and short and dry in the dry season, where also frequent burnings occur. The 

permanent swamp area is generally overgrown with vegetation, with some main and side 
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channels as well as lagoons of open water. The vegetation distribution is described in further 

detail in Sutcliffe (1974). The main species are as follows: 

Phragmites communis   shallow flooded (max 130cm) buried roots 

Echinochloa pyramidalis (grazing) shallow flooded (max 130cm) buried roots 

Oryza barthii   (grazing) shallow flooded (max 130cm) buried roots 

Echinochloa stagnina  (grazing) deep flooded  superficial/floating roots 

Vossia cuspidate    deep flooded  superficial/floating roots 

Cyperus papyrus    deep flooded  superficial/floating roots 

 

The first three species are anchored so their distribution is limited to depth of flooding, for the 

last three species their root system needs to be in water or saturated soil permanently which gives 

a good indicator on flood patterns. Phragmites communis, Echinochloa pyramidalis and Oryza 

barthii for example dominate only in areas where the depth of flooding does not exceed 130 cm 

over a period of ten years or 118 cm for a month in the year. Floating vegetation of Cyperus 

papyrus had caused blockages in the Sudd swamps in a number of occasions between 1879 and 

1900 when, the plants were torn out by increased floods. From this it can be concluded that 

Cyperus papyrus needs saturated conditions, can tolerate deep flooding but is limited to a certain 

range of flooding which appears to be 150 cm (Sutcliffe, 1974). 

 

Also reports of Euroconsult (1981) describe the phenomenon of channel blockages which can 

furtheron be proven by satellite images through channel shift analysis over different yeas as well 

as through visual inspections of imagery where the lighter green shade of newly grown reeds in 

blocked river channels is distinguishable from the darker green of older vegetation. 

 

Another main factor of influence of the vegetation to the area hydrology is the resistance it 

causes to equalizing overland flow of watermasses, leading to the creeping flow phenomenon. 

 

7.6 Geology 

 

The area geology in general is characterized by an eight to ten meter thick highly impervious 

clay layer.  This layer is found when looking at drilling profiles, borrow pit profiles as well as 
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when taking soil samples from the riverbed. Seeing the thickness and imperviousness of the clay, 

ground water interaction can be assumed to be negligible.   

 

The soils in the area are typical African floodplain black cotton soils with a high clay content. 

The seasonal cycle of waterlogging and desiccation leads to deep cracking of the soil (Mefit-

Babtie, 1983). Soil water recharge values were initially estimated with 200mm but reduced by 

the net rainfall, which occurred before the area was inundated (Sutcliffe, J.V., 2005).  

 

Sutcliffe (1974) describes that for analytical purposes, once a soil moisture storage of 300 mm 

had been filled either by initial flooding or by rainfall, net rainfall was added directly as inflow.  

 

Within the hydrological study soil water recharge experiments have been conducted with the 

result that soil water recharge values exceed 400mm for the black cotton soils of the area.  
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8. Assessment of impacts 
 

Different scenarios were modelled to evaluate the reaction of the system to different events and 

conditions. The scenarios in question reflect typical conditions as they apply for the system under 

minimum, maximum or average conditions, for the different alignments and in different 

combinations. The different scenarios as evaluated are described in the following chapters. Their 

effects are basically comparable but with a different magnitude depending on the area extent cut 

off the flood plains. The impacts will be of permanent nature as long the dike system stays intact. 

Reversibility will only be given with the removal of the dikes. 

 

Table 2: Impacts overview 
Levels of Type of Impact 
Magnitude Signifi- 

cance 
Reversi- 
bility 

Spatial 
Scale 

Time 
Scale 

Certainty 

Increased flooding Moderate Low No* Regional Long*  Probable 
Extend. flood time Moderate Low No* Regional Long*  Possible 
Drying out of areas Low High No* Local Long*  Definite 
Access to water Low High No* Local Long*  Definite 
Groundwater No Impact No Impact - - - Definite 

*  As long as dike system is in place 

 

The impacts can be summarized as follows: 

1. Within the diked area, inundation depth is reduced for obvious reasons to rainwater 

flooding depth with relatively uniform area inundation reflecting the rainfall and 

evaptranspiration in the area. Inundation depth is altered through local depressions in 

which water will collect due to gravity flow. The area will dry out quickly after the rainy 

season. 

2. In the swamp area two effects can be observed after dikes have been installed in the 

model environment. Inundation depth slightly increase in the upstream area near the dike 

mainly during the first half of the flooding cycle while in the downstream area the 

flooding curve is slightly delayed. The swamp area itself faces only minimal alterations to 

the flood pattern. Inundation time slightly increases for the upstream areas near the dike, 

while in the downstream areas the inundation time is slightly extended causing a longer 

timespan within which the area remains flooded. 
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8.1 Methodology of assessment 

 

Next to general data evaluation methods, a numerical modelling approach was applied to assess 

the hydrological situation in the area of interest under the different scenarios. For the setup of the 

model, different stages of sensitivity analysis, calibration and validation calculations have been 

undertaken using different datasets. In this way the model was found suitable to picture the 

hydrologic situation of the area under different conditions. 

 

The achieved results were then assessed in order to evaluate positive and negative effects also 

taking into account upstream and downstream areas next to the main area of interest. In order to 

mitigate unwanted changes, different alternatives of structure alignment have been tested in 

multiple scenarios to discover their effects. Based in this outcome recommendations considering 

the hydrological impacts have been given and results forwarded to other areas of expertise for 

consideration in their studies as e.g. changed flood patterns are likely to lead to changes in 

vegetation distribution resulting in impacts in wildlife, livestock and agricultural activities as 

well as homestead and food security.  

 

For the setup of the numerical model, Mike11 GIS, a one-dimensional model from DHI, Danish 

Hydraulic Institute was used. The model was set up based on a SRTM derived DEM, for which 

different resolutions were used through the modelling process. 

 

Scenario analysis was carried out using DHI Mike11 software with pre and postprocessing tools 

as well as MS Excel spreadsheet software and ArcView GIS applications. Different events as 

described below were modelled and the scenarios hind- and forecasted accordingly. In this way 

comparable datasets from the different scenarios with data output in spatial and tabular format 

were generated. These different datasets were then overlaid and some preliminary change 

analysis conducted to compare and point out the differences in flood levels, flood patterns and 

flood behavior under these different circumstances and under the changes of different 

parameters, showing the influence of these.  
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8.2 Histor ical situation: Completely deter iorated and eroded dike 

system 

 

An average as well as a high historical runoff event was modelled using data from 1936 to 1938 

as well as from 1978 to 1979 for average and high flood events respectively. The timeframes 

were chosen due to good data availability for these periods. 

 

 

Figure 5: Area inundation under historical average conditions during flood season  

 

 

Figure 6: Area inundation under historical peak conditions during flood season 
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As visible from above figures, the model is capable to generate good approximations of the area 

inundation. From the depth distributions, it is shown that inundation depth increase to the north 

which despite the high flood heights being observed in the area, show an obvious exaggeration in 

inundation depth towards the north.  As the area is currently not accessible and no historical data 

is available there, the results can not be confirmed quantitatively. 

 

8.3 Dike alignment 1: Cur rent plan with Mabior  Gol realignment 

 

Based on the above described assessment of the historical situation principally without dikes, the 

currently planned dike system was introduced into the model environment and the scenario 

assessed by running the model with the new conditions but under otherwise unchanged 

parameters. Results show slightly elevated waterlevels mainly in the southern part of the area of 

interest as a result of the narrowed floodplains. 

 

As stated above, the absolute values generated by the model for the southern area should give a 

good approximation of what can be expected in reality. Here the impact of waterlevel rises of 

0.05m in the flood season can be judged as negligible seeing the yearly fluctuating inundation 

depth in comparison. For the area further to the north for which the model generates exaggerated 

inundation depth, impacts can be assumed to be negligible as well as with the widening up of the 

floodplains a smoothening and fanning effect can be expected so that downstream changes will 

not be noticeable in regards of waterlevel changes.  

 

A different effect to be expected will be that increased water levels in the south will lead to 

higher gradients of the water surface towards the north, causing higher current velocities which 

can be expected to have a destructive effect on the vegetation in the area of increased velocities. 

Ripped off vegetation may then, as a secondary effect, as well cause increased channel blockages 

downstream.  
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8.4 Dike alignment 2: Or iginal alignment through Mabior  Gol 

 

Another dike alignment was assessed with the Mabior Gol area being blocked off by a straight 

dikeline between Jalle and Maar. While waterlevels only react with a slight increase to this 

option, main impact is the drying out of 330 km2 of permanent wetland area. In contrast to the 

other areas, cut off by the dike system belonging to the seasonal flooded grasslands, the Mabior 

Gol area provides a all year water and pasture source for wildlife and livestock, which, even 

more important extends into the dry eastern grassland plains. By diking off the area, the land 

would be converted into rainwater flooded grasslands which would completely dry out during the 

dry season as it can be observed in the current non river flooded areas which are effected by rain 

induced floods only.  

 

The impacts of a straight dikeline between Jalle and Maar could be mitigated by the construction 

of gate structures of sufficient capacity and distribution along the dikeline. Through these 

structures then a controlled flooding of the area could be achieved leading to a compromise of 

creating habitable land and maintaining a large grazing area. The effects of allowing for a 

controlled intake of waters would not effect the increased waterlevels outside the dike, as the 

amounts of water being allowed to enter the Mabior Gol depression would be comparably small 

to avoid deep flooding of the area. 

 

8.5 Dike alignment 3: Extended dike alignment to the west 

 

Due to time limitations and the fact that a shift of the dikeline further to the west is not feasible 

under the current hydrological conditions and with the available resources, this scenario has not 

been assessed thoroughly. It can be expected that with this option which is cutting off even larger 

areas and narrowing the floodplain even further, the effects of the above described other options 

will be increased, leading to even higher waterlevels and current velocities in the southern area of 

interest and creating more dryland, only being suitable for grazing during the rainy season. 
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9. Evaluation of Alternatives 
 

Each of the above assessed options comes with a number of impacts which, depending on the 

point of view, can be judged as positive or negative for the area. While the expected 

environmental impacts can relatively easy be judged regarding their effects in looking at the 

changes they bring to the system, impacts on the local communities on the other side need to be 

viewed at from different angles. 

 

While the slightly increasing waterlevels, caused by the dikes under all options, will, despite the 

above described changes, not cause significant changes to the environment of the permanent 

swamp area, the cutting off and drying out of areas, being protected behind the dikes, will have a 

considerable impact. Here the need for habitable land needs to be gauged against the need for 

grazing land.  
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Figure 7: Changed waterlevels (in meters) due to dike construction at selected locations in area 

of interest. Dotted lines reflecting situation without dikes, solid lines situation with dikes in place 
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While the permanent swamp area is not used for grazing, through most of the year, from 

approximately October to June, the seasonal flooded grasslands or toic are used for grazing 

purposes by the cattle communities. During the rest of the year, from July to October in the rainy 

season, grass is also available in higher areas and then used for grazing the cattle. In this way, 

traditionally, the cattle herds follow the progressing and retreating flood waters with their green 

belt of grass. 

 

The further out the dikes would now be constructed, the more of the seasonal flooded grasslands, 

used for grazing purposes for three quarters of the year, would be converted into rainwater fed 

grasslands which is only usable during the rainy season, as with the end of the rains, this land 

dries out very quickly. The different water availability would subsequently also lead to a change 

in vegetation pattern and species. 

 

 

Figure 8: Greater Maar area in north Bor, view in easterly direction in February 2004. Mabior 

Gol depression on the right and north Bor dike on the front left. Dike in this area is intact and 

area behind the dike dried out completely not usable for grazing purposes 

 

A mitigating option to the negative effects of the dike system would be the installation of gate 

structures to allow a controlled flooding of the protected areas to a certain extent. Due to the 

minimal slopes of the area which in addition have the “wrong”  gradient, sloping up towards the 
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southeast, the only area which could be tackled in this way would be the Mabior Gol depression 

as assessed under option two, the dike along the original alignment through Mabior Gol. Under 

the two other options, gate structures could only be used with a very localized effect, not 

reversing the negative effects of the dikes. 

 

A comment also needs to be made, declaring the risks involved in the dike construction activities 

in regards to their possibility to failure of the structure. While the dike body with its currently 

implemented design will withstand – judging by the modelled waterlevels - all common flood 

situations up to a 30 year flood event, the nature of the materials used in the dike construction in 

combination with local habits of letting cattle graze everywhere, will lead to a slow destruction 

of the dike body if not maintained, the same process which has lead to the destruction of the 1983 

dike system. 

 

A possible failure of the dike by local overtopping and erosion will lead to a localized high 

inflow of water into the protected area. The inflowing waters will then spread relatively slowly 

within a timeframe of days as vegetation, assumed to be relatively strong and dense at the end of 

the rainy season at a time when peak floods occur, causing major restrictions to the flow and 

distribution of water. Nevertheless a gap in the dike body will, depending of the waterhead, be 

quickly widened by the inflowing waters as the nature of the clays used for the construction of 

the dike body does not allow it to withstand higher current velocities.  
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10. Incomplete and unavailable information 
 

Timeseries available for the modeling process were the main constraint during the project. As 

described in the assumptions and limitations chapter historical timeseries were scattered in space 

and time while the time available to monitor and collect in situ data was too short to capture even 

at least one full hydrologic cycle.  

 

Based on these facts the level of confidence in the absolute values generated by the model must 

be set as low, while the qualitative results show a good approximation of the situation. 
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11. Conclusions and recommendations 
 

Results obtained by this work include a basic hydrological model setup in DHI Mike11 and a 

large amount of data concerning hydrological and meteorological data which were collected and 

evaluated to be available for ongoing or future tasks. In general, the results of this study need 

further refinement to achieve a higher degree of confidence in the model results and picture the 

processes in the area in more detail. In addition not all products necessary for a proper calibration 

of the model have been available and will have to be included into the setup and evaluation 

process at a later stage. 

 

With respect to the factors mentioned in the evaluation section, it would be advisable that under 

consideration of the community needs for habitable land, the dike alignment would be planned as 

much as possible to the east in the area of interest. Main fact for this recommendation is the 

controversial conversion of seasonal flooded grasslands into rainwater fed dry areas, while the 

influence of the planned dike system is of less significance in regards to changed waterlevels and 

inundation times in the swamp and toic area, being in a range of around ten percent at its 

maximum. Considering the low degree of confidence in the model results, larger changes might 

be possible but can not be proven at this stage. 

 

To increase the level of confidence and improve the knowledge of hydrological processes in the 

area of interest it would be advisable to further on utilize the network of set up monitoring 

stations and continue the data collection and evaluation process. This additional data will lateron 

allow for an improvement of the so far generated results 

 

To avoid a failure scenario by negligence and erosion, programs on community based 

maintenance activities and the setup of an authority taking over the respective responsibilities 

needs to be implemented. The same applies for organized structure operation of possible outlet 

structures as described in earlier chapters. 
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12. Definition of technical terms 
 

AOI  Area of Interest 

DEM  Digital Elevation Model 

DHI  Danish Hydrologic Institute 

DTM  Digital Terrain Model 

EIA  Environmental Impact Assessment 

FAO  Food and Agriculture Organization 

FEWS  Famine Early Warning System 

GIS  Geographical Information System  

GOS  Government of Sudan 

GRDC  Global Runoff Data Centre 

GTZ  German Technical Cooperation 

GPS  Global Positioning System 

DGPS  Differential GPS 

GT-NBM Georgia Tech – Nile Basin Management 

ITCZ  Inter Tropical Convergence Zone 

INBA  International Association of the Basin of the Nile 

JIT  Jonglei Investigation Team 

MSL  Main Sea Level 

NBI  Nile Basin Initiative 

NFS  Nile Forecasting System 

Nile-COM NBI Council of Ministers 

Nile-SEC NBI Secretariat 

Nile-TAC NBI Technical Advisory Committee 

NOAA  National Oceanic and Atmospheric Administration 

NPA  Norwegian People Aid 

SPLM/A Sudanese People Liberation Movement / Army 

SRTM  Shuttle Radar Topographic Mission 

Toic  Dinka term for seasonal flooded grasslands 

TOR  Terms of Reference 

UNDP  United Nations Development Program 
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UNEP  United Nations Environmental Program 

USAID United States Agency for International Development 

USGS  United States Geological Survey 

WFP  World Food Program 

WMO  World Meteorological Organization 
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14. Appendices 
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Overview map with different dike alignment options 
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Timeser ies: Inundation depth at Jonglei 

 

Decade/ 

Month 

Original situation 

without dike 

Realignment 

round Mabior Gol 

Historical alignment 

through Mabior Gol 

Extended dike 

alignment to west 

1/01 
2/01 
3/01 
1/02 
1/02 
3/02 
1/03 
2/03 
3/03 
1/04 
2/04 
3/04 
1/05 
2/05 
3/05 
1/06 
2/06 
3/06 
1/07 
2/07 
3/07 
1/08 
2/08 
3/08 
1/09 
2/09 
3/09 
1/10 
2/10 
3/10 
1/11 
2/11 
3/11 
1/12 
2/12 
3/12  

0.26 
0.26 
0.18 
0.18 
0.14 
0.12 
0.07 
0.05 
0.03 
0.03 
0.02 
0.02 
0.02 
0.06 
0.14 
0.19 
0.26 
0.30 
0.32 
0.26 
0.29 
0.30 
0.36 
0.37 
0.37 
0.37 
0.39 
0.40 
0.39 
0.42 
0.43 
0.42 
0.40 
0.40 
0.40 
0.37  

0.21 
0.21 
0.14 
0.14 
0.12 
0.10 
0.05 
0.04 
0.03 
0.02 
0.02 
0.01 
0.02 
0.05 
0.13 
0.18 
0.24 
0.28 
0.31 
0.30 
0.28 
0.32 
0.38 
0.37 
0.38 
0.39 
0.42 
0.44 
0.46 
0.46 
0.47 
0.46 
0.45 
0.44 
0.44 
0.45  

0.22 
0.22 
0.14 
0.14 
0.12 
0.12 
0.06 
0.04 
0.03 
0.02 
0.02 
0.01 
0.02 
0.06 
0.15 
0.20 
0.26 
0.29 
0.33 
0.32 
0.31 
0.34 
0.41 
0.39 
0.38 
0.39 
0.43 
0.46 
0.47 
0.46 
0.46 
0.46 
0.44 
0.43 
0.43 
0.43  

0.26 
0.26 
0.22 
0.20 
0.14 
0.10 
0.06 
0.04 
0.02 
0.01 
0.01 
0.01 
0.04 
0.08 
0.21 
0.20 
0.29 
0.32 
0.36 
0.37 
0.40 
0.44 
0.48 
0.48 
0.47 
0.46 
0.47 
0.49 
0.50 
0.49 
0.48 
0.46 
0.43 
0.40 
0.36 
0.35  

 


