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Abstract. An assessment to describe and quantify the ex- The main objective of this paper is to describe and quantify
tent of changes in the channel and lagoon system of the Sudthe extent of changes in the channel and lagoon system of the
was carried out using Landsat satellite images of 1973, 1979Sudd over a period of 30 years. A representative area of the
1997 and 2002. Using supervised classification and visual inswamps between Bor and Shambe was evaluated in detail re-
terpretation after referencing the images, the water bodies fogarding the changes which have occurred between 1973 and
a representative area between Bor and Shambe (a stretch 8002. The results have been related to the hydrodynamic sit-
150 km) were delineated. The resulting files were comparediation of the period, allowing the assessment of the general
to establish and quantify changes in-between the years anglend and behavior of the system in which the meandering
as well compared to Lake Victoria outflow data to assess achannels, moving reed fields and frequent blockages cause
likely correlation which was found for the largely water level challenges for researchers as well as for the economic devel-
dependent lagoon system. Changes in the channel systeopment of the area.

were interpreted to happen in a certain pattern but the extent

of changes could not be correlated to the outflow data as the
are influenced by other, here not considered factors like win
drift and channel blockages by vegetation.

Methods

For the evaluation of the channel and lagoon changes, an
analysis of geo-referenced Landsat MSS, TM and ETM band
1/2/3 images (NASA, 2007) of 1973, 1979, 1997 and 2002
1 Introduction for the southern Sudd area between Bor and Shambe as

shown in Fig. 2 has been carried out, comparing and quan-
The Nile swamps of southern Sudan, called the Sudd, one diifying the changes in open water bodies. A panchromatic
the largest wetland areas in Africa (Mohamed, 2005), rep-combination of band 1, 2 and 3, represented as blue, green
resent a highly dynamic system (Butcher, 1938), in whichand red was used for the current analysis based on a sensitiv-
channels, lagoons and inundated areas are constantly inteity analysis where combinations of the different bands were
acting and changing in time and space. An aerial overviewtested for their suitability to provide optimum results. Classi-
of typical swamp is given in Fig. 1. Swamp processes forfication of the channel and lagoon features was then carried
the Sudd region in general have been described by differenbut using supervised classification method based on visual
authors, e.g. Butcher (1938), Hurst (1932, 1933), Migahidinterpretation of the images. To assure comparable datasets,
(1948) Mefit-Babtie (1983), Sutcliffe (1957, 1974) and Sut- images from comparable seasons were selected for the evalu-
cliffe and Parks (1999), while the extent of changes have sation. Despite the 1973 data which was acquired in February,
far not been quantified. Water levels and flow velocities in- October images were used for the data evaluation. Possible
teract with vegetation species which in return have an influ-misinterpretation was eliminated using supervised classifica-
ence on the channel dynamics. Channel blockages by vegion method; matching georeference of the images acquired
etation cause impounding of areas and increased flow elseby the different Landsat sensors was assured by overlaying
where, wind drift results in movement of floating reed fields. the images and testing them for their conformity.
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Baidit/
Padak
Fig. 1. Aerial photograph of the permanent swamp area with chan-

nels, lagoons, floating and anchored vegetation areas, taken duriny
an aerial assessment in 2004 over the swamps near Baidit/Padak.

3 The system

To understand the driving forces of the system, the flow

regime as well as the role of the vegetation needs to be unEig. 2. Area overview map derived from Landsat image interpreta-
derstood. tion showing the channel and lagoon system as well as the extent of

Vegetation cover in the Sudd swamps can generally bd"€ Permanent swamp area.

classified depending on the elevation of the area above river

flood level (Hurst and Phillips, 1938) as first three species are anchored so their distribution is limited

— permanent swamp to depth of flooding, for the last three species their root sys-
tem needs to be in water or saturated soil permanently which
— river flooded grasslandggic) gives a good indicator on changing flood patterf®hrag-

mites communijgchinochloa pyramidaliandOryza barthii
for example dominate only in areas where the depth of flood-
ing does not exceed 130cm over a period of ten years or
118 cm for a month in the yea€yperus papyruseeds sat-
woodlands urated conditions, can tolerate deep flooding but is limited
to a certain range of flooding which appears to be 150cm
Vegetation types are generally distributed in accordance tqSutcliffe, 1974). Increasing flood levels will cause these
flooding depth and duration with Lake Vicoria outflow being plants to be dislodged from their position and floating down-
the controlling factor (Migahid, 1948). stream which may cause channel blockages. Also reports
The lake discharge is contributing the base flow enteringof Euroconsult (1981) describe the phenomenon of channel
the swamps, superimposed by torrential runoff during theplockages which can further on be proven by aerial observa-
rainy season and therefore controlling the water levels. Thejon and Landsat satellite image evaluation where the lighter
permanent swamp area is mainly inhabiteddyperus pa-  green shade of newly grown reeds in blocked river channels

pyrus Typha domingensiand Vossia cuspidatawhile the s distinguishable from the darker green of older vegetation.
seasonally river-flooded grasslands are inhabitedDbyza

longistaminataand Echinochloa pyramidalis Echornia

crassipeds another species which is increasingly dominat- 4 Results

ing the lagoons. While detailed vegetation maps were not

available, it can be assumed that vegetation type and theifhe evaluation of the datasets shows that the main channel

distribution has changed in concordance with the changes isystem is stable; channels generally decrease in width and

hydrologic regime over the years. move in an upstream direction as shown in Fig. 3. The sig-
The vegetation distribution is described in further detail by nificant trends can mainly be observed at bends and along

Sutcliffe (1974); the main species are shown in Table 1. Thestraight channel sections, where the channel movements

rain flooded grasslands

wooded grasslands (acacia)
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Table 1. Main species inhabiting the Sudd swamps after data from JIT (1954).

Species Use Flooding depth Roots

Phragmites communis  (grazing) shallow (max 130cm) buried
Echinochloa pyramidalis (grazing) shallow (max 130cm) buried

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

Echinochloa stagnina deep superficial/floating
Vossia cuspidate deep superficial/floating
Cyperus papyrus deep superficial/floating

Jonglei

. 1973
= 1979
B 1957
3 2002

Baidit
Padak

Fig. 3. Overlaid channel system of the years 1973, 1979, 1997 and
2002 of the area of Maar — Jonglei, indicatively showing the general
trends of channel movements and decrease in channel width.

10 km

exhibit a typical pattern by moving outward between 1973
and 1979 and then again slightly inward between 1979 and
1997/2002. Movements can be quantified with up to 200 m
over the 30 year period of investigation. No significant trendsFig. 4. Overlaid lagoon system of the years 1973, 1979, 1997 and
can be observed between the 1997 and 2002 datasets whete02 of the Padak — Jalle area indicating the decrease in lagoon
changes are erratic and do not follow a defined pattern. area.

Lagoons show a different trend, with the location of the
main lagoons being stable in location but showing a ten-
dency of decreasing in size as visible in Fig. 4, a phenomenofay have been introduced during data acquisition and pro-
which correlates with the decreasing Lake Victoria outflows €ssing can be neglected.
during the period of investigation leading to lower water lev-  Evaluation of channel changes in relation to extreme flow
els followed by an increase of vegetation growth in the nowevents considering the different conditions between the in-
habitable areas with less water depth. For the area of investivestigated points in time leads to no clear trend. 1973 data
gation between Bor and Shambe the area of open water bodshows the situation after average flow conditions as shown in
ies decreased by 38% in surface area between 1973 and 200R2ig. 5. The following 1979 data pictures the situation after
The Shambe lagoon as an example decreased in size frothe 1978 high flow conditions with the respective high flood
30.4kn?t to 27.0kn? in surface area. A decrease in channel levels, the situation until 1997 then shows average to below
width, considering the main channels over the same periodverage flow conditions, while in 1998 another peak event
is quantified with 34%, e.g. for the main channels at Jongleiwas recorded. Evaluating the spatial datasets in respect to
latitude from 97 m to 74 m in width in average. Movement of these flow conditions as shown in Fig. 5 does not yield a sig-
channel boundaries is thereby significant so that errors whichificant relation to these. A clear linear relation of changes
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45 - 1079 the bends as it can generally be observed in meandering river
systems.
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using Landsat satellite data. Correlation between lagoon size
and lake discharge is established, while channel changes can
15 ‘ not be directly related to Lake Victoria outflow. For a de-
1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 .
Vear tailed assessment of the channel changes, next to the factors
as described above, also ground referenced vegetation maps
Fig. 5. Lake Victoria outflow at Jinja (after data from Hurst, 1933 in fine spatial resolution would be needed as the type of veg-
and supplements) with marked years of evaluated satellite data. ~ etation is, also concerning the ground level it indicates in the
swamps, of significant importance for a detailed assessment
of channel changes.
of the swamp system to the described flow conditions can
therefore not be deduced as flow events are not matchingdited by: K.-E. Lindenschmidt
with the observed changes in the channel system. It needReviewed by: B. Guse and an anonymous referee
to be assumed that other factors like e.g. wind drift and chan-
nel blpckaggs as well as long term effects play a SlgmﬂcamReferences
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movement of the channels is visible from image interpreta-

tion, the movements at the bends being of greater magni-

tude than along the straight channel sections, a fact assum-

ably caused by increased erosion forces along the outsides of
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