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INTRODUCTION

Oral and geological evidence show a remarkable change in the hy-
drological behaviour of rivers in big portions of the African continent
(Moeyersons, 2000). The change started some hundreds to some
tens of years ago. Rivers which were perennial some generations
ago, become gradually seasonal. The peak floods are higher than
before and follow shorter after the rains. The low stages are lower
than before (Fig. 1). This phenomenon evidences the change which
took place in the alimentation mechanism of rivers. Rivers, mainly
spring-fed, became gradually increasingly runoff-fed. This can only
been explained in terms of declining soil infiltration capacity in the
spring catchments (Fig. 2), what leads to a reduction in soil humid-
ityTButwdec.reasing,s,oil infiltration capacity contributes to land deg-
radation in several other ways (Moeyersons et al., 2006): -
1. The general increase in runoff makes that spring catchments on
the topographic threshold graph for gullying (Montgomery and Diet-
rich, 1994) are shifting from gully free conditions to gully prone con-
ditions. The danger for badland development increases.
2. The development of gullies in a formerly gully free landscape con-
tributes to a reduction in the water storage capacity of the soil and,
hence, will also contribute to a dryer environment.

3. Gullies are highways for the quick evacuation of soil materials
eroded from the water divide areas and thus favour soil degrada-
tion.
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4. gullies can incise deep enough to become unstable and provoke
mass movements.

The river beds, downslope of the springs, adapt to the new hy-
draulic conditions created by the occurrence of stream floods and
flash floods. In flat areas, flash floods lead to widening of the stream
channels and installation of braided river systems. Lateral erosion
goes hand in hand with strong accumulation in the riffles. In steep
areas, flash floods contribute to active vertical incision, which leads
most of the time also to slope instabilities and mass movements.

The explained change in river regime is a frequently forthcoming
phenomenon in Africa. Fig. 3 shows the regions where the phenom-
enon has been observed by one of the authors since the last 30 years
and where, as a consequence, land degradation and desertification

Figure 3. Changing river
dynamics in Africa
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are in progress. In a general way it concerns a belt in the savannas
around the tropical rain forests. But also inside the tropical belt, big
clearings and towns are affected.

It is known that forest clearing, overgrazing and agricultural
intensification lead to decreased spring discharges and increasing
runoff coefficients. But increasing rainfall variability as can be ex-
pected as a result of global climate change (Hulme et al., 2001; Dore,
2005) is also believed to play a role.

This article want to stress this type of situations as they occur
along the Albertine Rift in Eastern D.R. of Congo, in Rwanda and
Burundi. Firstly it aims to report on the material damage and even
loss of lives, going hand in hand with the changes in hydrological
behaviour of the landscape. Further, the article reports on geomor-
phological investigations, carried out in Rwanda in order to study
the influence of soil use on the hydrological behaviour of slopes in
Rwanda. Finally, this article will also explicitly mention the exis-
ting methods of soil and water conservation management which can
contribute to ‘normalisation’ of the hydrological behaviour of slopes
in the East D.R.Congo, Rwanda and Burundi.

EXAMPLES OF DAMAGE BY NATURAL RISKS: THE GRAVITY OF
THE SITUATION

The Kivu-Rwanda-Burundi region seldom comes into the news as a
result of environmental hazards. The only hazard, mentioned is of
volcanic (Nyiragongo, 2002) or seismic (Bukavu, 02/2008) nature.
Nevertheless, the whole region is currently affected by natural ha-
zards, increasing in number and intensity every year. Included are
sudden severe farmland erosion, river flash floods and inundations,
deep gully incision, landslides and other mass wasting. Year after
year the economic infrastructure of roads, buildings, bridges, farm-
land becomes increasingly damaged and losses of livestock, agricul-
tural lands and food crops grow. Several dozens of people are yearly
killed. In Bigogwe, Northern Rwanda some 20 people were killed by
the inundations during the night of 12-13 September 2007. Flash
floods in Uvira killed some 40 people in February 2002. Also unex-
pected variations in the water tables and lake levels are at stake.
So it appears from remote sensing information that the Tanganyika
and Kivu lakes and the swampy areas in northern Rwanda know a
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lower water stage today than in the 50’s. Recently, the hydro-elec-
tric plants in Northern Rwanda and on the Rusizi river became in
difficulties. Furthermore, gullying becomes an increasing problem
in towns and especially in their extension zones: houses and road
infrastructure are threaten by gully incisions and the accompanying
bank instabilities. Towns like Kigali, Butembo, Bukavu, Uvira, Cy-
angugu, Bujumbura are typical examples. Although never reported,
we are aware of numerous inundations, landslides and sudden gully
incisions over the entire territory of Rwanda, Burundi and Kivu, oc-
curring at least since the seventies. Without any doubt, several do-
zens of people did die. We are not aware of calculations of the total
cost of these small and big disasters, but there is no doubt that they
hamper the sustainable development of the whole region.

It is also a fact that these natural disasters increase in frequen-
cy and intensity since the last two or three decades. The reason 1s
unclear. Many of these ‘geomorphological events’ occur during or
shortly after meteorological conditions, extreme in intensity and/or
duration. Maybe climatic change is at stake (Muhigwa, 1999). But
some landslides at Uvira and Bukavu have been proven to have a
seismic origin (Moeyersons et al., 2004). Finally, the increasing hy-
drograph irregularities of rivers could be the consequence of chan-
ges in land use, which lead to a change in hydrological response of
the landscape, rivers becoming increasingly runoff sensitive instead
of spring discharge sensitive like it was some time ago. In this re-
spect, the importance of deforestation on the low river stage has
been shown over a period of 20 years along a few forested areas in
Rwanda (Rwilima, Faugére, 1981). This evolution reflects the ge-
neral decrease of the soil infiltration capacity.

As part of the research programme ‘Study and mapping of natu-
ral hazards along the Albertine Rift’ by the division of ‘Geomorphol-
ogy and Remote Sensing’ of the RMCA, an inventory of all types of
erosion processes, taking the size of a ‘hazard’ have been inventoried
in Rwanda and counter-measures have been identified. More re-
cently, studies have been done in Bukavu, Uvira, in the Bujumbura
area, at Kigali, and problem regions have been visited like the Ru-
sizi valley and the Kanyosha valley in northern Burundi. Research
on gully development in the town of Butembo is also going on.
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GEOMORPHOLOGICAL RESEARCH IN RWANDA BY THE ROYAL
MUSEUM FOR CENTRAL AFRICA (RMCA)

AIM

Since 1975, the geomorphology section of the RMCA is explicitly
present in the area and field research has been done in Rwanda in
order to study the influence of soil use on the hydrological behaviour
of terrain on granite/gneiss and phyllite substrate. In the same time
an inventory has been made for all types of erosion, triggered by
runoff and percolating water. The role of soil use in these processes

has been evaluated. Basic results are given by Moeyersons (1989;
2004).

MATERIAL AND METHODS

All hydrological and soil mechanical parameters have been mea-
sured with apparatuses belonging to the Laboratory of Experimen-
tal Geomorphology, KULeuven.

The infiltration capacity of the soils in Southern Rwanda has
been measured by a portable rain simulator (Fig. 4), used to define
infiltration envelopes (Smith, 1972). '

The hydraulic conductivity has been measured in the field by a
simple ring permeameter and in the laboratory by oedometer tests
soill mechanical parameters like cohesion, shear resistance, have
been defined by vane tests an/or mono-axial shear tests.

Measurements in the field of diffuse pluvial erosion have been
done either in collector trenches below cultivated parcels (Fig. 5) or
by means of erosion pins.

Creep measurements in the field have been executed by the
measurement of displacement of tracers in so-called ‘Young Pits’
(Young, 1960).

The development of gullies was studied by qualitative and quan-
titative field observations.

Local soil and water conservation methods have been qualita--
tively evaluated in the field. _ '

Teledetection methods, including aerial and satellite imagery
analysis and mapping in GIS, are currently used to map landslides,
deep gullies, inundation belts, severe farm erosion, river erosion.
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Figure 4. Rain simulator (left) and
infiltration envelope. Lower infiltra-
tion capacity corresponds to shift
of the envelope to the left

Figure 5. collector
trench at Butare

RESULTS
A. THE INFILTRATION CAPACITY OF THE SOIL

The rain simulation experiments show that the infiltration capacity

of the soil depends of at least the following variables:

— soil humidity: second runs on the same parcel, wetted already
during the first test, show invariably a shift of the infiltration
envelope to the left. This shows that the infiltration capacity will
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be lowest at the end of the rain. Rains, showing a sudden increase
of intensity near to the end of the storm should produce proportio-
nally more runoff than rains with their peak shortly after the
start of the rain. On the scale of a rainy season with increasing
soil moisture content, rains near the end of the season should pro-
duce proportionally more runoff and should be more erosive.

- — The state of the soil: It is generally believed that hoeing the soil
and the creation of a raw surface of soil aggregates increases the
infiltration capacity of the soil. The runs with the simulator con-
firm this effect but indicate also that the effect of hoeing is very
temporary on most soils in the area because of rapid slaking of the
top soil, shaping a nearly impervious sheet.

— The vegetation cover just above the surface: runs in a bean field
show the importance of soil cover: once the cover is above 80%,
runoff is minimal and disappears completely at 100% coverage.
Also some grasses like Eragrostis sp. and Cynodon dactylon re-
duce or even annihilate runoff at a high soil coverage.

B. EROSION ON PASTURE, RANGELAND AND IN EUCALYPTUS
PLANTATIONS

The erosion pin measurements over 4 years at Rwaza hill, Butare
(Moeyersons, 1990) show that land use highly determines erosion
Intensity. Measurements along 3 cross-sections of the hill show:

— higher erosion within or just downslope of Eucalyptus plantations
without undergrowth;

— low or no erosion on grassy surfaces, but high erosion when the
grass cover 1s interrupted either by overgrazing or along cattle
tracks;

— no erosion and even fixation of sediments arriving from upslope
within a small belt of low bush, composed of Pteridium cfr. Aqui-
linium, Echinops sp., Helichrysum sp., Senecio sp., Vernonia sp.
and others.

The erosion measurements in the collector trenches result in the
following conclusions: '

— erosion in the rangeland — pasture — Eucalyptus (RPE) zone shows
a seasonal trend to decrease during the progress of the rainy sea-
son (Fig. 6). Taking into account that, according to the rain simu-
lation tests, the runoff coefficient should grow in the course of the
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season, the reduction in erosion has to be ascribed to an increa-
sing soil protection by the grassy vegetation.

— Fig 7 shows the erosion dynamics 1981-1985 for the RPE area
(trenches 1 to 4), compared to the dynamics of erosion in cultivat-
ed parcels (CP) (trenches 5 and 6). In spite of the seasonal trend
of decrease during the course of the rainy seasons, the erosion in
the RPE-area remains rather constant during measurements 1 to
18 Most spectacular are measurements 19 and 20 in the RPE belt,
where erosion falls to less than one third of the level of former
years after the zone had been declared by the owner as exclosure
for free grazing cattle. This shows again the high protective po-
tential of all vegetation close to the surface, in this case grasses,
protected by trees.

— Fig. 7 shows also the erosion dynamics in cultivated fields. The
erosion peaks in the cultivated fields (dashed lines 5 and 6) cor-
respond to harvesting, weeding and all activities reducing crop
cover or reworking the naked soil surface.

C. SLOPE STABILITY

New quantitative data have been collected that human activities
not only can trigger diffuse and rill erosion but also important gully
development (Moeyersons, 1991). It has also been shown that the
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making of collector trenches as part of a soil & water conservation
technique is not efficient when applied on slopes steeper than 20°
(Moeyersons, 2003). Calculations show that cultivated slopes steep-
er than 20° to 25° are only stable if infiltration is diffuse, not concen-
trated. In all cases, studied so far, it appears that human activities
result in an increase in local runoff or local forced water infiltration
in the soil by artificial concentration of runoff, or in an increase in
slope over which runoff waters have to find their way. This change is
depicted in the Montgomery and Dietrich (1994) topographic thres-
hold condition (Fig. 8).

CONCLUSIONS

In the highlands of Kivu, Rwanda an Burundi, forests prove to be
the best ecological system, absorbing even on steep slopes most of
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Figure 7. Volumetric determinations of sediment in collector trenches (dm?®) divided
by mm of precipitation since former determination, measurements 4 to 20. Hatched
belt contains measurements in rangeland - pasture - Eucalyptus belt (collector trench-
es | to 4).

Figure 8. Increase
in slope angle or in
runoff/percolation
discharge can bring
point A above the
envelope of risk to
gullying and lands-
liding
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the runoff. The presence of still growing valley peat formations in
the forest of Nyungwe is good evidence for the absence of sediment
transport on the slopes and for a river regime without important
peaks. The same is true for the Bigogwe area in northern Rwanda,
where gullying, severe slope erosion and river floods, increasing in
size and number only occur since recent forest clearing. The daily
experience shows that even in the context of increasing extreme me-
teorological conditions, forests and savannas with not overgrazed
undergrowth lead to nearly complete infiltration of water into the
soil. Even on steep slopes this does never trigger mass wasting,
probably because the infiltration is diffuse. Therefore, if forests have
to be cut, we should replace them by ecological systems having the
same hydrological response as forests, i.e. creating a diffuse pre-
cipitation water infiltration into the soil. The role of vegetation in
protecting soil and improving the soil infiltration capacity is well
known (Koéning, 2002; Rishirumuhirwa and Roose, 2002). Accor-
ding to our measurements and observations, we can forward several
agricultural soil uses which reduce runoff to nearly zero, even on
steep slopes:
— grassland, not over-grazed, with closed coverage;
— banana plantations with a soil covering undergrowth of legumes;
— coffee fields with good mulches;
— agro-forestry methods as mentioned by Ndayizigiye (1993), Ngen-
z1 (1995), Koning (2002);
— tea plantations constitute a very nice and performing soil protec-
tive cover;
— reforestation and sustainable forest exploitation is also a possibility.
Soil-technical and biological mechanical methods for soil
and water conservation are in use since a very long time. The first
technique is called ‘progressive terracing’ and was introduced in the
region after the second world war. It consists of the combined use
of collector trenches and hays by pennisetum or another fixative
plants. This system has been recommended only on slopes of less
than 15°. If used on steeper slopes, it inevitably fails (Fig. 9) and
even makes the situation worse by contributing to gullying (Moey-
ersons, 1989) and even landsliding (Moeyersons, 2004). The other
technique is bench terracing, in Rwanda indicated as ‘terrassement
radical’ (Fig. 10). Today, the technique is introduced in many plac-
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Figure 9. On steep slopes, the pressure by
sediments retained by the hays is too high.
The hay is pushed forward and finally fails as
happened in the foreground.

Figure 10.Bench terracing
is in use in Rwanda since
1976. Never there have
been reports on failures.
The benches are slightly
slope inward inclined and a
100 % infiltration is realised.
This is absolutely necessary
to prevent destruction of
the whole slope by gullying.

es in the area. It was launched in the seventies at the agricultural
center of Kisaro.

The hydrological deregulation of the slopes in the study area
finds its origin in deforestation and consequent over-cultivation and
over-grazing and constitutes a natural risk. The increase of the local
capacity of studying this natural risk and the consequences like in-
undations, mass wasting, gullying, etc. is a first condition to combat
land degradation by better alleviation and prevention and for an
environmentally sustainable development.
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