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Abstract. This present work is the results of study on water erosion in Burundi, a land-
locked country amid the African Great Lakes region where East and Central Africa converge.
The agriculture is developed in areas where the slopes is very steep and some factors such as
land-use methods weaken soils and lead to water erosion and the results in soil degradation ren-
dering it infertile. Production on this way is becoming insufficient for the rapidly growing of
population. The extension of cultivated land often not linked to anti-erosion measures exposes
the soil to intense erosion. The results get it of processing satellite images (Landsat 8) allowed to
identify the main places where erosion is very severe. Lost soil was estimated by the RUSLE
method and using four raster images corresponding to factors related to precipitation, soil erodi-
bility, topography, slope length and vegetation cover. The results obtained allow the identifica-
tion of areas around all the country where the interventions of government and environment
protection institutions are necessary to limit the processes of soil degradation.
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Introduction

Burundi, a totally landlocked country, lies between 2° 45' and 4° 28' south lati-
tude, and 28° 50' and 30° 50' east longitude. It shares borders with Rwanda in the
north, the United Republic of Tanzania in the east and south, and the Democratic
Republic of Congo in the west, where Lake Tanganyika is located (Figure 1).

Burundi has an area of 27,834 km?. In 2002, the cultivated area was
1,351,000 ha, including 986,000 ha of arable land and 365,000 ha of permanent
crops [1]. From morphological point, the country includes most of the reliefs of
East Africa. The landscape of the country is varied, at altitudes between 775 m
and 2,670 m.

The mountains of the Congo-Nile Ridge border the east part of the Lake
Tanganyika while a multitude of hills dissect the Nilotic side of the ridge. High-
lands surround the center and the east of the country. The distribution of rainfall
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in the year is characterized by alternating dry season — rainy season. The rains fall
from September to April and the maximum precipitation is reached in April. From
mid-December to mid-February, the rains decrease to few weeks [8]. The most
important soil types are caolisols (dominant soils), recent tropical soils, tropical
brown soils, tropical black soils, recent textural soils, raw mineral soils and organ-
ic soils [1].

Africa

Figure 1. Location of Burundi (maps based on administrative boundaries)

Soil erosion can be defined as the detachment and translocation of soil par-
ticles by moving them by water or wind from their original location to new depo-
sition areas [13]. Water erosion in many regions in Burundi is mainly due to
the effect of LS (slope index: degree and length of slope) in the meaning of
the unfortunate consequences for agriculture, namely: the destruction of the soil
structure, the tearing up and sedimentation in lakes or rivers linked to constituent
particles, the losses of water and elements useful for the growth of plants are
the more revenues. Soil erosion in real terms endangers food security, soil subsistence
productivity, water storage area, surface water quality, scenic beauty and natural
ecological balance. His solution lies in adapting conservation practices [11].

The land use rate is on average 72% for the whole country [12]. This is due
to the rapid demographic growth observed in the country where the annual growth
is 3 %. Overexploitation of plant resources consists of illegal cutting, sawing, irra-
tional picking, and decortication of trunks and carbonization either for energy
purposes or extension of houses of habitations. The exploitation of minerals
weakens the soil and makes it vulnerable to rain erosion.

These practices significantly reduce some ecosystems and many species that
are useful in soil conservation [14]. In addition, clearing for agricultural purposes
continues to be a major cause of deforestation. The average farm size of a house-
hold with 6 children is now 0,5 ha. As a result of the gradual decline in the size of
the agricultural land and the loss of its fertility, the population tends to resort to
forest areas in search of new agricultural lands that are still fertile [9].
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Methodology and parameter estimation

The RUSLE model was selected and applied in the study area, a land cover
map is required with land use generated by remote sensing images (Landsat 8),
land management practices, land types and properties. The raster precipitation
prepared base map was then used for the extraction of study area from satellite
image (Satellite TRMM_3A12) and Carto DEM (digital elevation model obtained
from ASTER GDEM v2).

RUSLE is the best available practical erosion prediction model that can be re-
gional level. The model use parameters such as slope, aspect, etc. derived from DEM
and LULC (land use land cover) from satellite images it can be integrated with RUSLE.

RUSLE uses the same empirical principles as the USLE but includes im-
proved rainfall erosivity factor R, incorporation of the influence of profile conve-
xity and concavity using segmentation of irregular slopes and empirical equation
for processing slope factor FS [2].

The RUSLE empirical model combines the factors that affect the magnitude
of erosion and is as follows:

A=R*K*L*xS*C=*P, (D)

where 4 — rate of soil loss (T-ha™-year); R — erosivity of the rain (MJ-mm-(ha - h)™);
K — erodibility of the soil (T-ha-h-(MJ-mm-ha)'); LS — topographic factor inte-
grating slope and slope length; C — soil protection factor by vegetation cover; P —
factor of soil conservation practice.

The superposition of the four thematic maps considered the parameters
of the USLE under GIS allows the obtaining of the erosion map. The erosion po-
tential in T/ha. To arrive at the thematic map containing the data on the water ero-
sion, the diagram (Figure 2) includes the steps to follow during the data processing.
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Figure 2. Steps of processing data

Rainfall Erosivity Factor (R). The rainfall erosivity factor (R) reflects the
effect of rainfall intensity on soil erosion. The value of rainfall erosivity factor
used in RUSLE must quantify the effect of raindrop impact and must also reflect
the amount and rate of runoff likely to be associated with the rainfall [3].
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R = 117.6 * 1.00105MAR for <2000 mm, (2)

where R — rainfall erosivity factor (MJ-mm- (ha - h)!); MAR — mean annual rain-
fall (mm).

Soil Erodibility Factor (K). The soil erodibility factor (K) represents the
susceptibility of the soil or surface material to erosion, the transportability of the
sediment and the amount and runoff rate from a particular rainfall input, measured
under normal conditions. The standard condition is the plot of units, 22.6 m long
with a gradient of 9%[4].

K = 0,1317 * figang * fcl—si * forgC * fhisand 3)
where

fesana = {0,2 + 0,3 x exp[~0,0256  my » (1 — 2], )

0,3

— (Msilt ).
fcl—si - (mc+msilt) > (5)

_ _ 0,25+0rgC .

forgC o [1 orgC+exp[3,72—2,95*0rgc]]’ ©)

0 70*(1——

fhisand = [1 - ( (7)

1-75 )+exp|-5,51+22,9+( 1+ )| |
where ms, msiit and me — the proportion of sand, silt and clay contained in the soil, %;
orgC — organic carbon content.

Topographic Factor (LS). The topographic factor represents a relation of
soil loss in a given condition to that of an area with a “standard” slope of 9%
slope and a slope length of 22.6 m. The topographical factor constitutes two fac-
tors that are the length of the slope (L) and the slope of the slope (S).

2 m F sin
L=(=) im=_F =000 8
22,13/ ° 1+F’ 3x(sin B)%8+0,56 (®)

The equation used in GIS:

(m+1)
Ly~ = [A(i,j)+D2] —A(i,j)(m+1) (9)
()] xm*Dm+2*(22’13)m B

where A4 (i, j) is a part of the basin area, pixel; D is the pixel size; x — form correc-
tion factor.

The factor S depends on the slopes B of the slopes of the basin. Options for
determining B [5]:

—to tan B(i,j) < 0,09

S(i,j) = 10,8 * Sin B(l,j) + 0,03; (10)
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— to tan B(i,j) > 0,09
S(i,j) = 16,8 * Sin B(l,j) - 015 (1 1)

Crop management factor (C). The C-factors are the most important values for
crop management. Therefore, the C-factors found by [6] were used to indicate the effect
of cropping and management practices on soil erosion rates in agricultural lands.
The seasonal variation of C-factor depends on many factors such as rainfall, agricultural
practice, type of crops etc. However, the present study considered an annual variation.

Table 1
Value of the factor C for each land use
Factor C Description
0 Water Bodies
0.2 Grasslands
0.029 Shrublands
0.5 Savannas
0.1 Evergreen Broadleaf Forests
0.001 Deciduous Broadleaf Forests
0.0015 Evergreen Needleleaf Forests
0.0015 Deciduous Needleleaf Forests
0.002 Urban and Built-up Lands

Conservation Practice Factor (P). The conservation practice factor (P) represents
the ratio of soil loss by a support practice to that of straight-row farming up and down
the slope and is used to account for the positive impacts of those support practices.
The value of P factor ranges from 0 to 1, the value approaching to 0 indicates good con-
servation practice and the value approaching to 1 indicates poor conservation practice [7].

Thus, P factor value was taken as 1 because the majority of the study area is
doesn’t have determinate concertation practice. The Food and Agriculture Organi-
zation of the United Nations (FAO) classifies water erosion by levels of soil loss
from water erosion (Table 2).

The maximum value is given to the feature with highest susceptibility and
the minimum being to the lowest susceptible feature.

Table 2
Classification of water erosion [FAO, 1980]

Range (T/ha*year) Erosion condition
0 Null
0-10 Faint
10-50 Moderate
50-200 Severe
>200 very severe
Results

1. Rainfall erosivity factor (R). The rainfall erosivity was generated using
the models discussed in the methodology of study. The period of 20 average an-
nual rainfall years was taken in. The results showed that in Burundi the R value
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ranges between 938.35 and 435.65 MJ/ha-mm/h. The map of rainfall erosivity in-
dex (R) derived for the study area is shown in Figure 3.
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Figure 3. R factor map

2. Soil erodibility factor (K). K factor values were assigned to respective
soil types in soil map to generate the soil erodibility map. The values of K factor
are found to be ranging between. It represents both susceptibility of soil to erosion
and the rate of runoff as measured under the standard and plot condition.
The erodibility index map derived from FAQ’s soil map of study area is shown
on Figure 4. The k-values obtained the study area ranged from 0 to 0.00158.
The lower value of K factor is associated with the soils having low permeability,
low antecedent moisture content.
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Figure 4. K soil erodibility factor
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3. LS Factor. From Figure 5 it is observed that the minimum value of L is
0.9 and the maximum value is 49.6. For the factor S, its minimum value is 0.03
and its maximum value 14.3(Figure 6).
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Figure 6. S factor map

4. Crop management factor (C). C factor for land use/cover for our ranges
from 0 to 0.5. The value 0 corresponds to water bodies and 0.5 to a wetland with
vegetation. The C-factor map for the study area is shown in Figure 7.

5. Rate of Soil Loss. Soil losses in T/ha*year caused by water erosion have been
presented as classes. The loss of the soil greater than 200 T/ha*year is the most obser-
ved throughout the national territory. It followed by the class of 50-200 T/ha*year.
The results are shown in Figure 8.
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Figure 8. Water erosion map showing soil loss in T/ha*year

The statistical tool of the ArcMap software allowed to give the eroded area
according to the losses of soil. This allowed to evaluate the condition of erosion
according to the FAO reference data. The results are shown in Table 3.

Table 3
Area subject to erosion in ha
Range (T/ha*year) Area (Ha) Erosion condition Percentage

0 251938,9 Null 9

0-10 187580,67 Faint 7

10-50 532819,36 Moderate 20

50-200 925149,45 Severe 34

>200 817035,51 Very severe 30
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The results show that more than 64% of the national territory is subject to
very severe erosion. Statistical results using ArcMap software tools show that
provinces (Muramvya, Kayanza, Mwaro and Gitega) are experiencing huge annu-
al losses per hectare of soil under water erosion (Table 4).

Table 4
Quantification of erosion by province (in T/ha*year)
Erosion Burundi's provinces

Province (T/ha*year) Province (T/ha*year)
Bubanza 147 Kirundo 153
Bujumbura Mairie 37 Makamba 146
Bujumbura Rural 182 Muramvya 322
Bururi 159 Muyinga 144
Cankuzo 94 Mwaro 233
Cibitoke 174 Ngozi 150
Gitega 217 Rumonge 93
Karuzi 156 Rutana 197
Kayanza 312 Ruyigi 144

The results show that almost the entire extent of Burundi is experiencing se-
vere erosion according to the FAO classification of water erosion.

Conclusion

On an area of 27145 km? (almost the entire national territory) that was
the subject of this study using the RUSLE model, 64% experienced severe erosion.

Depth analyzes show that the soil erodibility factor (K) values are very high
for the part of Burundi located in the Imbo plain, the western slope of the Congo-
Nile Ridge, the Congo-Nile Ridge, the neighboring part of the Rwanda in Ngozi
and Kirundo provinces in northern Burundi. The lowest values correspond to cer-
tain portions located in Kayanza, Ngozi, Kirundo and Ruyigi Provinces.

The minimum values of the L factor (length of the slope) largely represent
the depressions of the North East and the Imbo plain in western Burundi. Values
for this factor are high for Congo-Nile Ridge.

For the S factor (slope), the large values are observed for the Congo-Nile
Ridge region.

The values of the C factor (vegetation cover) show high values for the western
slope of the Congo-Nile Ridge, the Congo-Nile Ridge covered largely by the Kibira
National Park, clear forests, natural reserves and palm oil plantations. Most of the pro-
vinces Ngozi, Muyinga, Karusi are occupied by crops, perennials and afforestation.
In the eastern depressions, there are protected landscapes and Ruvubu National Park.

The results for this study show that the K and C factors for this study in no way
influence the mechanism of water erosion. The factor L has an influence but is very
weak. The S factor has a very significant influence on water erosion in Burundi.
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HayuyHasa ctatbs

OueHka 3po3uu no4Bbl BypyHan
C UCNOJIb30BaHUEM ANCTAHLMUOHHOIO 30HAUPOBaHNS
n ’McC no mopenu PYCJIE

I'. Huxumoepe, K. PuBepoc JIuzana

Ky0aHckuii rocyiapcTBeHHBIN arpapHblil yauBepcuteT umenn U.T. TpyOwimna
Poccuiickas @edepayus, 350044, Kpacnooap, yr. Kanununa, 13

AnHoTtanms. Hacrosmas craThsi OCBALIEHA pe3ybTaTaM UCCIEA0BaHUM 1O BOJ-
HOU 3po3uu B BypyHau — cTpaHe, He HMEIOIIeH BBIX0/a K MOPIO, B paiioHe adpukaHCKux Be-
JIUKHUX 03ep, rae cxoasarcs Boctounas u Llentpanshas Adpuka. Cenbckoe X035HCTBO pa3BHU-
TO B paifoHax, I/ie CKJIOHBI OYCHb KPYTHIE, a HEKOTOPHIE (haKTOPHI, HAIIPHIMEP METOIBI 3eMIIe-
MTOJIb30BaHMS, OCNAOJSIOT MTOYBY M MPUBOIAT K BOJHOU dPO3UH, YTO BIEUYET 3a COOOH aerpa-
JALUIo TIOYBHI U JieNaeT ee OecrinoaHon. IIpon3BoCTBO O 3TOMY IyTU CTAHOBUTCS HEAOCTA-
TOYHBIM JUTs OBICTPO pacTyliero HaceneHus. Pacmmpenne obpabaTbiBaeMoit 3eMi, 9acTo He
CBSI3aHHOE C IMPOTUBOIPO3UOHHBIMH MEPaMHU, MOJBEPraeT MOYBY WHTEHCUBHOW 3po3uu. JlaH-
Hble 00pabOTKM CIYTHUKOBBIX CHUMKOB (Landsat 8) mo3BOJMIM BBISIBUTH OCHOBHBIE MECTa,
r7e 3po3usi oueHb cuiibHas. [loTepsiHHas nmousa oneHnBanack no meroxy PYCIIE u ¢ ucnoss3o-
BaHMEM YETHIPEX PACTPOBBIX M300PaKEHHUH, COOTBETCTBYIOIINX (aKTOpaM, CBSI3aHHBIM C OCAJI-
KaMH, pa3pylaeMOCTbIO TIOUBBI, TOOTpa(uell, ATMHON CKJIOHA U PpacTUTENILHBIM MOKpoBoM. [1o-
JIy4eHHBIC Pe3yJIbTaThl TO3BOJIAIOT ONPECIUTh PAalioHBI TTO BCEH CTpaHe, rae HeoOXOAUMO BMe-
LIaTeIbCTBO MPABUTENbCTBA U IPUPOLOOXPAHHBIX YUPEKAEHUN AJIsl OIpaHUYEHUs! IPOLIECCOB
Jierpajialiiy IO4BBL.

KiroueBsie ciioBa: bypynan; sposus nous; 3emnenons3zoBanue; PYCIIE; nerpanamus
MOYB; KJIACCU(UKAIINS TT0YB; 3aIIUTa CEIBCKOTO XO3SIHCTBA
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