
Chapter 2
Geopedological and Landscape Dynamic
Controls on Productivity Potentials
and Constraints jin Selected Spatial Entities
in Sub-Saharan Africa

. ,

Yazidhi Barnutaze

Abstract Soil-landscape relations play an important role in the ag'icultural pro-
duction systems of Sub-Saharan Africa. As the demands on elevated agriculLural
productivity grows in the face of increasing demographic pressure and the adverse
impacis of global environmental change, we must identify SOCio-ecological pro-
duction landscapes that are resilient to environmental changes. This paper analyses
a spectrum of spatial and non-spatial damsets covering soil, terrain, land use, and
geology in a GIS environment to derive spatial entities that infonn the production
polentials and constraints of East Africa. Landscape analysis, premised on the
geopedological and elevation consinicts, CUIminated in a spatial coverage of low-
lands (40 %), plateaux (46 %), highlands (11 %) and mountains (3 %) across the
East African region. Regional-level analysis reveals spatialIy variable soil Iypolo-
gies dominated by Cainbisols (24 %) and FerTalsols (13 %). In these geomorphic
landscapes and soil types, there are two outstanding arithropogenic tireats to
productivity: soil erosion and land use/cover conversions and transformations.
These must be delicateIy tackled with site-specific tailored interventions that not
only recognize geopedological landscape sensitivity, but also the inherent social
systems

Keywords Geopedological . Geomorphology . Landscape dynamics .
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2.1 Introduction

Sub-Saharan Africa (SSA) is one of the most dynamic, diverse, and neterogeneous
biophysical landscapes in the world. The landscape's complexity manifests in the
geomomhological, soil. and geological settings, posing a runge of challenges and
opportunities that underpin the continental development pathways from household
to national levels. The central geomorphological feedback processes associated
with its complex and dynamic SOCio-ecological landscape strongly influence pro-
ductio" patterns, Therefore, underSIanding the inherent ecological fragility of this
coupled landscape is fundamental to reduce the effects of geohazards, sustain
ecological integrity, and secure people's livelihoods. The need for susiainable
landscapes and livelihood systems is crltical for SSA because of rapid demographic
changes, increasing land degradation, stagnant or declining crop yields, and rela-
lively new threats linked to the increasing variability and changes of Ihe climate.

Sustainable land use practices recognizing alandscape's ecological sensitivities
and maintain agriculLural productivity are galhering attention. Soil resources are
fundamenia1 10 fighting the traditional challenges of land degradation, as well as
effectiveIy buffering communities from the dangers of climate change. Forexample,
the Comprehensive Africa Agriculture Development Programme (CAADP) has an
ambitious annual agricultural growth target of 6 %, a harbinger of development
Innsfonnation on the continent (KOIavalli 61 a1.2010). Due to the fundamental
importance of qualiiy geopedological resources for agricultural production, only
sound landscape stewardship can achieve this goal. Although agricultural produc-
Lion in SSA relies on heavily inherent naturel soil fertility, the general understanding
of soil geomorphology systems remains dismalIylow compared to other continents.

It is impossible to underestimate the importance of healthy soil resources for
sustainable livelihoods in SSA (BSwamn et a1. 1997; Heriao and Baanante 2006;
Banono at a1.2006). Because so many livelihoods in the region depend on natural
resources, the relationships between soil quality, productivity, and poverty levels
are strongly interdependent. However, despite their productive role in agricultural
livelihoods, the importance of soils and the multitude of associated environmental
services are not widely appreciated in Africa (Dewitte at a1.2013). Consequen"y,
limited efforts have been undertaken 10 address a range of soil-related issues at a
liner scale crucial 10 improve productivity. In most SSA countries, low crop yields
indicate an abundance of poor quality soils (Sanginga and Woomer 2009). Under
these conditions, there is need to improve understanding of spatialIy explicit soil-
geomorphic settings crucial for agricultunal productivity.

A geopedological perspective embeds geomorphic and pedologic processes
throughout the landscape, as well as recognizing biophysical feedback and SOCio-
logical processes. Thus, this geographicalIy-oriented soil-landscape nexus yields a
better understanding of the production systems and ecosystem servicing crucial for
the sustainable development of agriculture and biodiversity (Sayre or a1.2013;
Grimths et a1.2011). This paper helps correct the paucity of soil-based landscape
studies by using geomorphic and pedologic analysis to present infonnation on
productivity potentials and constraints.
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2 Geopedologicai and Landscape Dynam, c Controls on had"ciivity Potentials. . .

2.2 Geographical Settings

This study is confined to Ihc East African region of SSA covering live countties:
Uganda, Kenya, Tanzania, Rwanda and Bumndi. The regionislocated approximaiely
between 4'N and 12'Slantude and 29 E to 42 Elongiiude, as shown in Fig
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Table 2.1 Key 50010^conomic chancieris tics or Ihe East African counuie$

UgandaParameter RwandaKenya Tanzania

Size (km2, 933,566 24,550241,248 593,116

Population 47.742.735.6 113

(millions)

Population density 148
(persons/kin2)

0,456Human develop-
merit index in 2012

Annual population 3.3

growth rate (%)
58Life expecnncy at

birth (years)

GDP per capiia by 547

2012 (us$)

Agricultural area 168,874
in 201 I (km2,

The region exhibits a high level of ecological and social diversity in iis geology,
geomorphology, climate, and vegetation. in displays significant geomorphological
features of the East Attican Rift valley. the Lake Victoria basin and a runge of
highland and mountainous landscapes. Climaiic conditions of the region are diverse
and variable. The climatic geography is a function of global, regional, and local
factors, nombly Ihe InterTropical Convergence Zone (rFCZ) and physiogi'aphic
realures, including topography. Iantudinal position, and relative location from
major dininage bodies such as Lake Victoria. Major mountain landscapes such as
Mt. Kilimanjaro, Mt. Rwenzori, Mt. Bigon, and Mt. Kenya also significantly
control the local and regional climatic conditions. Annual rainfall amounts vary
from about 250 mm in semi-and regions 10 over 2,500 min in the highlands. The
region has a divineUy uneven spatial and temporal rainfall distribution, exhibiting
both unimodal and bimodal distribution structures. However, inOSIcrop production
is confined 10 areas less than 2,500 in above sea level. The key socio-economic
characierisiics of the region are found in Table 2.1.

The region's population was estimaied 10 be 142 million people in 2013, The
highest and lowest population densities are 460 and 51 persons/km' in Rwanda and
Tanzania respectively. Agricultiire is essential 10 the East African economy and is
dominated by small-scale fanning which relies heavily on rainfall. Land degrada-
lion is a serious production constraint, principally because of soil erosion and
nutrient depletion, a more variable and changing climate, increasing incidences of
natural hazards and disasiers, biodiversity loss, land use changes and conversions,
and rapid population growth.

,

\

Fig. 2.1 Location map of East Africa
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2.3 Data Sources and Analysis

The data seis used, their characteristics, and sources are given in Table . . The daia
consist of both geosparial and non-spatial daia, gathered from secondary and
primary sources. Geospa, iai data were obtained from an array of sources in fomats
compatible wiih digital Geographical Information System (GIS).

The joint FAO and 11ASA Global Agro-ecological Zones (CAEZ) point sup-
plied data on soil and ICUrain conditions which was used 10 assess the regional
spatial vinability of agricultural suitability, A digital soil data set grid from FAO
was used to quantitativeIy analyse the predominant soil types an the national level.
A Digital Elevation Model (DEM), based on Shuttie Radar Topography Mission
(STRM) 90 in spatial resolution daia, was obiained from Ihe Makerere Universiiy
archives and used for deriving and classifying landscapes. Geomorphic landscapes
based on altitude nitesholds were delineated as: mountains ( 2,000 masl), high-
lands (1,500-2,000 masl), piaieau (900-1,500 masl) and lowlands (<900 masl).
The Makerere University archives also supplied a geology shapeme for Uganda 10
depict geology types spatialIy. Columbia University's Center for International
Earth Science Information Network (CIESIN) provided digital gridded population
data, projected for Ihe year 2015. The dan was used to map population density
hoispois and relate them to landscapeiypologies. Becauseihe sources of geospatial

Table 2.2 Daresets used sources and chancierjades

No. Variable

I Sinl type

2 Soil
eros, on

3

Source Type

FAO & IISA (han"webarchive. its a. Spatial
ac. "11RcscarcNLUC/CAEZv3. On

Field and published data

Geology

4

5

DEM

6

Sumbil. ,y FAO a, xillSA thrum://webaithivc.
11asa. ac. aimese;,":IyLUCroAEZ, 3.00

World Bank Ihtip://dan. worldhank
oral

Arable land World Bank Ihtip://data. worldhank
org/)

Population CIESEN (hitp://sect, c. CICSin. columbia. Spatial
eduD

Dehved using GLASSOD
methodology
FAOSTAT thrum\in OSIai. moorg/)

Arch, ves

7

Forest
cover

Arch. ves

8

data were so diverse, I employed a range of data qualiLy control measures and
standardized all data sets to World Geodeiic System (WGS 84) datum in a GIS
environment to enable a spatial multiple overlay analysis. After srindardizing the
dan, the Easr Africa region was clipped out of the continental and global damse, s.
RelevanL labular and SIaristical data were then extractsd in a GIS and further PIOited
or statisticalIy analysed in appropriate programmes. CGospaiial analyses used
ARCGIS 10 software from BSRl. Statistical and labular data was obtained from

the FAOSTAT and World Bank data portals and published data in literature. Dam
was subjected to an amy of statistical analyses, including descriptive and inferen-
Iial statistics. Descripiive statistical data used mean, standard deviation, coefficient
of variation, and percentages. Inferential startsiics included linear regression
analysis for delecring temporal trends in foresi cover change.

9 ErosiOn
Risk

10 Production
dab

Spatial Usage/
analysisextent

East Spatial
Africa typologies

Spanal Uganda Magnitude
and

vanabiliiy
Spatial Uganda Types and

distribution

LandscapeSpatial East
Mrica delineation

Spatial Easi Quantitati, e
Africa vanability

Tab"Iar Easi Trend

Africa analysis
Tabular East Trend

Africa analysis
Hotspot sitesEast

Africa

Spa"al Uganda Hotspot
landscapes
Trend

analys, s

2.4 The Geopedological Construct

Geopedology refers to the contribution of geomorphology 10 pedology, and the
resulting feedback (Zinck ). in is premised on the fast that geomorphology and
PCdology constitute intricateIy inseparable landscape characteristics through
geoforms and soils. The geopedological construct thus analyses prime biogeochem-
ical processes to facilitate inferences of landscape constmints and opportunities for
agricultural productivity. Thus, coherence and synergies on andscape elements that
geomorphology and soils reveal are the most importantland quality aspects regard-
ing agricultural productivity. Current agricultural production in SSA is mostly
low-input and heavily depends on soil quality. Lucid interfaces between soil-
geomorphologic systems and Ihe relevant social sysicms strongly influence
production potentials and constraints. The geopedological construct, therefore,
provides a holisiic biophysical structure and coupling that represents a SOCio-
ecological production system, as depicted in Fig. 2

Tabular Eas,
Africa

Y. Barnutaze

2.5 Landscape Dynamics and Agricultural Productivity

2.5. I Geomo, photogtc@, L@"the@pe, Prod"elfvt^,
Co"straints, and OPPo, t""ities

A landscape is Ihe highest level in Ihe geopedological hierarchy. The significance of
geomorphic landscapes for agricultural productivity is well documented, particu-
Iarly regarding crop types, production patterns, and yields. The landscapes' innu-
ence is largely manifested through modemtion of climatic conditions, weathering,
soil fomaiion, soil quality, and ultimately soil resilience. From a geomorphological
perspective, four landscape typologies based on allitudinal vinabiliiy and
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thresholds were delineated for East Amca: lowlands, plateau, highlands, and
mouniains. They are associated with diverse challenges and opportunities for
agricultural productivity. The spatial distribution and major characteristics of East
Africa's landscapes are shown in Fig. . These landscapes reflect a complex of
past and current geomoTphological processes, such as volcaniciiy, fauliing, folding,
weathering, and erosion. The diverse geographical operations of these processes
have resulted in the current letrain configuration of East Amca.

Mountain landscapes are more than 2,000 in above sea level, the highest altitude
landscape hierarchy. They cover about 3 % of the area of East Africa. Mountain
landscapes are extremely diverse even at short distances. With the exception of
urban centers, mountain landscapes have the highesi population densiiies in Ihe
region (See Fig. ). They are aruaciive for seidemenibecause of good conditions
for crop production such as high levels of soil fertility and annual rainfall. The most
important perennial crops, such as coffee and bananas, are productiveIy grown in
mountain landscapes in what is agro-ecological Iy classified as moniane farming
sysiems. However, mountain landscapes possess high erosive energy because their
sleep gradients encourage high runoff, which if riot managed well greaily damages
crops. Consequently, mountain landscapes are prone 10 a range of geohazards
erable 2. . ).

Highland landscapes lie between 1,500 and 2,000 in above sea level, and
represeni approximately I I % of the East Am can region. Over 60 % of Bur"ridi
and Rwanda can be categorized as either highland or mountainous. The sleep slopes
of highland environments and similar geohazards as mountain areas cause severe
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Table 2.3 Selected landscape characteristics in East Africa

Landscape Alliiude tinasl) Coverage Productivity' Major geohazards
Mountains >2,000 3 % High Erosion, slope failure. land cover

Damsformation

Soil erosion, nutrient mining.

Somerosion, floods, nutrient mining

High
Medium to

hugh
Low to
medium

'Productivity hinged on low input conditions (natural nutrient conditioirs)

Highlands
PIaieau

Lowlands

1,500-2,000 I I
900-1,500 46

agricultural production constraints. Geomomhologically, highland and mountain
landscapes have high transportation capaciiies and siream densities that convey
both runoff and sedimeni to the lower landscapes. Plateau landscapes range from
900 to 1,500 in above sea level and represent the largest part of the entire region
Agricultural productivity in Ihe plateau landscape is highly varied and also depends
In part on rainfall levels. The Lake Victoria Basinis the most atinctiveiegion of Ihe
PIaieau landscape in East Africa. Despite their relatively lower slope gradients,
plateau landscapes also experience erosion and nutrlent mining. Lowlands, which
arc below 900 in. constitute a north^outh axis in the eastern pan or the region
parallel 10 the Indian Ocean. Lowlands occupy about 40 % of the region's land-
SLape. Including much of Kenya and a significant pan of Tanzania. They are
generally characterized by transport-Iimiied slopes, and are prone to flood hazards.
For lowland inland regions such as easiem Uganda, flooding is also strongly linked
to the climatic and 800morphological conditions in the mountain landscapes that
consequenily supply runoff 10 Ihe lower areas.

<900 40 Flooding, drough,

29

2.5.2 Soil and Terrain 1,411"e"ce$ @" Agric", fur"I Suitability

Agricul, ural systems in East Amca are typically rain-fed systems. Land suitability
under rain fed conditions depends on the ecological interfaces between climate,
soil, and Ierrain which delemiine produciiviiy levels and yield dynamics. The
spatial extent of rain-fed agriculiural suitabiliiy in Eastern Africa under low and
high input conditions constrained by soil factors alone is found in Fig. 2.4, while
Ihai constrained by both soil and terrain conditions is depicted in Fig. 25.

Evidently, a change from the low input conditions of tradiiional subsistence land
managemeni and crop varieties, to higli input conditions characterized by market-
oriented land management practices would change landscape suiiabiliiy and urn-
mately improve crop yields by about 24 %. This provides, in pan, the rationale for
theregion's agricultural policy changes which Uganda's Plan for Modernization of

Y. Barnutaze
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rig. 2.6 Variation in suitabiliiy under low and high input conditions
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Agricullure (PMA) exempliiies. This plan focuses on markei-orientsd agriculture
and sustainable management of land resources.

The percentage coverage of agriculturally suiland according to soil conditions
alone is compared with that of the coupled soil and terrain conditions in Fig. 2. . In
general, the Ierrain factor, denoied largely by altitude and slope gradient, imposes
more constraints on land's suitability for crop production. Therefore, it is riot
surprising Ihat areas with proportionally higher highland and mountainous envi
roninents, like Rwanda and Burundi pale in sumbility when compared 10 Kenya,
Uganda, and Tanzania.

Under low inpui conditions, a suitability deviation of about 3 % is attributed 10
the terrain effect, while the deviation is as high as 9 % under high in pun condiiions.
In consonance with other studies (Akinci a a1.2013; Xu and Zhang 2013; 18ue

), high Tales of water runoff, soil erosion, higher transportation capacitieset al.

of water and nutrients, and difficulties with linage and conservaiion practices are all
evidence of terrain's effect on a landscape's agricultural suitability and productiv
ity. Soil formation and developmeni intimately depends on site lopography and
geomorphological characreristics, slope gradient having the greatest effeci. In East
Africa, FAO (2006) categorizes sites with slope gradients of more than 30 % as
steeply dissectsd. For rain-fed agriculture, they are considered severely constrained
for crop production. A spatial analysis by van Velihuizcn (2007) reveals that areas
with slope gradients of more than 30 % represent about 6 % of East Amca's 101al
area and coniain 9 % of Ihe rural copulaiion.
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2.5.3 Soil gun!try cmd Soil Types

African soils are among the least fertile in the world, wiih about 80 % having
Inherent fertility limitations (Otter a a1. , 2007). Major soil limitations present huge
obstacles 10 agriculturel productivity. Some postulates to explain poor soils
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Fi8.2.7 Major soil types of Easi Amea based on 11re FAO classificaiion sysiem

implicaie their having developed horn Precambrian basement rocks as a major
causal facior. SSA soils, in particular* are highly diverse and spatialIy variable
(Voonman 2010). Despite providing livelihoods for millions of small scale famers,
the soils of Africa are poorly mapped and badly understood (Sanginga and Woomer
2009). A spatial distribution or East Africa's major soil types based on Ihe FAO soil
classification system is found in Fig.

Figure contains a quantitative analysis of the distribution or the region's
respective soil types. The data identifies approximately 25 soil types with diverse
production polentials and constraints. signifying a high level of soil diversiiy and
hererogeneity. A recent soil mapping by Dewiiie at a1. (2013) identified 29 soil
types for coniinental Africa, which is nor surprising given the geomorphological,
geological, and climatic complexity of the region. The most common soil types in
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Earl Aftica are the Cainbisols and Feinlsols which consiituie about 24 % and 13 %

respectively of soil. Other soil types with reasonable spatial distribution include
Luvisols (8 %), Solonetz O %), Lep, OSols (6 %), Am sols (5 %), Pianosols (5 %),
and Ventsols (5 %) as depicied in Fig. 2.8. A spatial analysis reveals that these eight
soil types cover approximately 73 % of Bast Africa's land. The remaining 17 soil
types cover only 27 % of the region, with the least common being the Gypsisols
(<01). This means that many local factors control soil foamaiion and development
in the region. Increasing agricultural productivity requires targeted inletveniions
and management strategies adjusted 10 each soil Iype,

The vanabiliiy of soil types and their prevalence at national levels are depicted
in Fig. 2.9. There are 22 soil Iypes in Uganda, 23 in Kenya. 19 in Tanzania, 8 in
Rwanda and 9 in Bun, ridi. The Fetralsols (25 %) are the most dominant in Uganda,
while Calsisols have the lowesi coverage (<0.1 %). In Kenya, the Solonetz soils
have highest coverage (16 %) and Gypsisols have the lowest. Cambisols dominate
Tanzania, occupying 39 % of the land area, while Regosols have the lowest
coverage (<0.1 %). ACrisols cover most of the land in Rwanda (62 %), while
Nilisols only cover 0.3 %. in Burundi, Ferralsols cover the highest percentage of the
land (48 %) while His 10/5 cover the lowest amount (0.3 %).

<.
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2.6 Landscape Degrading Processes

Two major factors related to landscape degradaiion hinder agricultuml
productivity in SSA and specifically East Africa: soil erosion and land use cover
hallsfomiaiions.
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Table 2.4 Measured rumn annual soil losses from dominant land use system across landscape
categories in Uganda

Author

Bagoora ( 998)
Barnutaze (201 I)

Bamutaze (2005)

lie Meyer
etal. ( I)

Kizza a a1. (2013)

Landscape
Son loss caregory

10-129 uniatyeaT Highland
10 thatyear Mountain

Maialiwa (1998)
Maialiwa (2005)
Mulebeke (21NL*)
Nadhomi

ei a1. (21XXij

Natileza (1994)
Nakileza (2005)
Semalulu

a a1. (2013)

Tukahirwa (1996)

2545 thatyear Mountain

34-207 una/year Plateau

10-320 kg/by
year

40-45 thatyear
20-85 unary ear
25-71 Vinalyear

948 cola/year

Land use sysiem

Maize and beans

Intercropped annual and
perennial
Maize, banana. coffee

Footpaths and agicultural
fields

ForestPlateau

3 7 unary ear
20 unarycar
I 39 umaiyear

The spatial vinability of Uganda's erosion rate using the GLASSOD method-
is a geopedological map coupling theo10gy is found in Fig. 2104i. Figure

dominant soils, geology, and geomomhology.
As expected, highland and mouniainous landscapes experience more degmda-

tion than lower elevations. In Uganda, these landscapes receive substantial annual
rainfall. They are dominated by steep slopes of more than 30 % which are especially
prone to soil erosion, The ownership of land is extremely fragmented in highland
and mouniainou$ landscapes, with land size per household predominantly an less
than I ha.

In these landscapes, soil erosion is dominated by rill and internl typologies,
while gullies are confined to a few areas. particularly in western Uganda. High
erosion rates are observed in the heavily populated and intensiveIy cultivated
plateau of the Lake Victoria Basin. These dangerous erosion tales are in the
range of those observed in the South western highland and Mt. Elgon in Eastern
Uganda. A runoff and soil loss assessment at varied hill slope positions on the
Mi. Bigon landscape under annual and perennial cropping (Barnuiaze 5) con-
firms high erosion across lower* middle, and upper him slope segments, as Fig. 2.1 I
shows. Observed annual soil erosion rates from these hillslope segments are higher
than the generally accepted tolerable limit of 5I ha ' year '. This pattern has also
been observed at sires in other SSA coun"ies, such as the Ethiopian highlands,

Haleau

Plateau

PIai"u

Haleau

37

I 38 thatyear

Mounn, in

Plateau

Mountain

Maize, mmze-bears intonerop
Coffoe. banana. beans

Banana, coffee. beans

Banana, coffee

Hughlarid

Matze, beans. mixed cropping
Annual cropping
Banana, coffee

Sorghum

Y. Barnutaze
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> 60

E 50

- 40

Upper

Fig. 2.11 Vanability of soil loss rates an diverse slope positions on Mt. Elgon (Source Barnutaze

a 20
10

o

"

(Munro et a1.2008; Nyssen dai. 2009) andTanzania's Ulugulu mountains (Kimaro
a a1.2008). While a mix of natural and animopogenic factors contribute to these
high soil erosion Tales (Boardman 2006), poor landscape management is the
dominant cause of soil erosion in SSA.

Recent comprehensive quantitative data on yield reductions from erosion in SSA
are very limited. According 10 La1(1995), erosion-related yield reductions in Africa
generally vary from 210 40 % with a mean of 8.2 % for the continent and 6.2 % for
SSA These reductions are projectsd 10 rise to 16.5 % for the continent and 145 %
for SSA by the year 2020 if erosion coniinues uriabaied (Lal e, a1.2004; 0balurn
at al. ). As well, it is estimated that about 12 % of soil nutrients in Uganda are
depleted annually, which coniribuies to poor harvest yields (NB12012)

Middle

2.6.2

Lower

Trends cmd Implied, ,'@"s in Land Use
and Cowinge Chc"ge

Land use and soil coverage change ale significant terrestrial processes altering
biogeochemical processes, ecological dynamics, and the sustainability of agricui-
tural systems (A1kharabsheh er al. 2 ). Conversions of forest cover in10 agricul-
Iural fields in East Africa are widespread and increasing. The change in East
Africa's forest cover between 1990 and 2011 as a perceniage of the joint land
area is shown in Fig. 2.12. Figure 2. displays trends in arable land for the same
period.

A regression analysis shows Ihai with the exception of Rwanda, all East African
countries experienced a significant reduction in forest cover belween 1990 and
201 I (p 0.05). Regional-level analysis shows that forest cover was reduced from
about 30 of the land area 10 23 % for the same period. The highest reduction was
observed in Bun, ridi ( 41 %) andlowest in Kenya ( 7 %). Strikingly, allcountries
except Bumndi at Ieasi experienced a significant increase in arable land. The
observed declining trend in East Africa's foresi cover coneborates observations
made elsewhere in SSA (Brink and Eva ; Were et al. : Gross et al.

so

40

30

18 to

20

^
=

o

.
, -LO

-20

-30

rig. 2.12 Change in forest cover between 1990 and 2011 in Eastern Africa
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Y. Barnutaze

50

"

40

I,
5 30
^
^

^

20

10

,
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rig. 2.13 Change in the proponi"Iai covemge of arable land in East Africa between 1990
and 2011

o

8/8/81818;81^8/8/81^
------~--~N

35% chang

). InterestingIy, although Rwanda experienced the in OSI rapidBrink et al.

increase in arable land (39 %), its roles I cover also increased between 1990 and
201 I . The most plausible reason for this trend is that Rwanda has implemented
environmental laws more firmly than other East African countries and begun a
concerted re forestation programme.

39% change

-I% change

29% chan e

1,096 change
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rig. 2.14 Naked or Taped landscape on a fernlsol on Mt. Elgon due to improper land use

Although the relationship between land use change and soil erosion is generally
non-linear in Ihe long tern (Dolterweich ), exiensive SIudies (Defersha and
Melesse 2 ; Munro at al. 2008; Heckmann 4; Mohammad and Adam 2010) of
the Easi African region show that land use changes result in high levels of land
degmdation. In the same region, studies by Mugagga ei al. (20 I ) suggest that these
landscape transformations account for the exponential increase in slope failures
Land use and cover change are more pronounced in highland and mountainous
landscapes, which is more evideni on the Ugandan side of Mt. Elgon than the
Kenyan side. Unsusiainable conversions from forest cover to annual crops have
CUIminaied in a landscape described locally as "naked or raped" (See Fig. 2.14)
High soil erosion tales and related sedimentation processes compromise the jinme-
diale and long Ienn produciiviiy of these sites.

2.7 Conclusions

The interplay between geomorphology and ped01o8y in tandem with climate plays
a significant role in SSA's agriculiural produciion sysiems. Regional landscape
analyses Indicate that terrain Iimiiations prevent about 13 % of the region's
highland and mountain areas from suifood production. Soil quality in many parts
of the region also constrains production. Delineated geopedological landscapes are
characterized by a range of 860hazards, but the most signiiicani seem to be soil
erosion and land use change. particularly conversions from forest cover 10 cropping
activities. For the landscapes to sustain the rapidly increasing human populaiions
occupying them today and in the future, deliberaie alieniion toward SOCio-
ecological sus"inability is required.

42
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Cmmate change and land degradation in Africa: a case study in the Mount Elgo" region,
Uganda

Boyi JIANG', Yazidhi BMWrAZE' and Pet!cr PILESJO'*
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The aim of this SIu, y is to LSIimate and compare soil erosion. in the Mount EISOn region, eastern Uganda. daring the
Inst decade. Possible bonds and changes in erosiun are lintcd to precipitsii"IVClimaic chang@ as wall as changrs in land
cover. Two dimwit vomiting or the Re"tsud Universal Soil loss Equation ERUSLE) are implemaLied and compared. one
using slope longih and the other using flow accumulation ID estimate the slope length and sirepncss Indrir (Is)
Comparisons of the modeled soil erosion vs. field data indicate that RUSLE based on flow accumulation is preibrablc.
The modding is corned Dull forthe years 2000.2006. and 2012. and is hat' on ASTER nanoiely Baud dB, a. digital
elevation models. precipitation data bin Ihu SIu, y area. as wdl as. "ismg soil maps. No signfic"11 trends in estimated
soil cmsion arc found 10 to pusuil during the Its, decade. Over exploitation of land is probably cornp"15.1ed by
improved agicullual manag"merit und rin signcan, increa, e in precipitatin, L Even if there are reports or more intense
and mereusing amounts or than in the met this could rini be vented, neither tillouj, , the analysis or climate unr". nor
by Inn's in Ihe CSiimnied soil loss.

Keyword, g soil erosion; revised universal soil loss equation (RUSLE); ASTER; Uganda; clianalc change

C

Q
N

>.
=
^

F1
61

a

-.

^

*

^
"

a
V,

<.
ei

N
o
N

*
..,

>.
,

.
U
,
a
o

=

>
o

.

I. Introduction

J. J Backgr"",, of
As one orihc most important basic natural resource. land
relates to almost all human activities directly or indirectly,
and is crucial for sushining livelihoods in many subsaha-
mm African isSA) countries. Rational utilization of the
land resource has been treated as the key factor in the
development pathways of many SSA countries. HOWLvcr.
land deeradalion is onc of thu in410r and widespread cnvi-
coloncnial threats both in the past and present years (1).
runnermom, soil erosion is regarded as the most serious
form or land degndation around the world. especially in
developing countries like Uganda, China. and India, as
well as some developed countries like Spain (24). In
order to meet their livelihoods, address the economic
stress, and acnelc, are development, some people and
development actors in the developing cowl"jus utilize
land and soil. resources in unsuslainablc and inniional

ways as manifestod by overFaring destruction of forest
for ruban extolsion. heary intoneity and unscientific
agricultural activities, and land use changes in high fro
querncy (5). As a result, soil erosion becomes a serious
i'suc, which incgaiivcly imparts the soil quality reducing
agiculiunl cmcicncy. worscning waiur quality. causing
flooding and dcbris now, and habitsr dustrustion (6).

Mountain ecosystems aru considercd as unu of the
most sigiific"It ecosystems, providing huge amount or
benefits to humans both in natural and economic aspects

,,.. Taylor&Francis
~.,,.*~.

via various ecosystsm services and products. NGvertlie-
less, unsustainablc and unscientific land USE practices and
improper land inariagumui, cause serious soil erosion in
mountain legions. More and more studies are carried out
focusing on mountainous areas in order to get betrer
undersundirig of why the phenomenon happens and what
could be done to solve the problems (7-10). In recent
years, governments suncd to pay antiition 10 sustainable
agicullure and dcvelopmcnt. As a result, many cnvir"n-
merit and land deeradation assessment policies were
announced and published, which pointed out that soil
erosion and land degradation in mountsin areas are being
increasingly regarded as more serious than in other
ecosystems {11-14). One of the major reasons for this is
land use changes in high frequency, not only madmca-
lions bun also conversion of the land cover, which has a
negative impad on the cnvironmcnt, CSpccially replacc-
nuni of forest arca by apiculture fields due to the
pressure of population (15.10. The other major reason is
the irregular terrain and topography in the mountain
areas, which means that slope diversity and hererogcneib,
are significant herors for the intensity of soil erosion
(17). Combined with rapid climate vanabiliiy and
changes, mounmin CCDsyst"ms am uric or the most
sunsitivu CCDsystcms 10 climaic changc. Titc variation in
rainfall pattern sigiificonily impacts rutu runuff.

in a study by kitapcn e, a1. (17), cam"d out on
Mount Elgon in Uganda. it was obsurvcd that East
Africa has severe land degradation around Ihe highlands.
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They also poi"led out that ulic high ruincrability of the
slopes and the high annual precipitation, including steep
slopes and high weathering intos, could be important rear
sons for the serious soil erosion in this area In the end

of their report, human activities due to high population
density and associated pressures were considered as the
most important factor for land degadation. Another
study that focused on land use changes around Mown
EISOn done by Mugagga at 81. (8) indicares Ihat popula-
lion pressure in the Mount Elgon region has resulted in
large areas of forest being replaced by myiculture fields
without sustainable management. These wigustai"able
and unscientific land usc pmciicus have caused a lot or
environmental problems excmplificd by landslides, high
erosion rites. and stream polluiion loading on Mount El-
gon. It is however, predic, cd that aciivitics supporting
forest replaconie"t by cropland and gazing land will
coniin"e until2032 (18)

East An co has been cmphasizcd as the focal point of
soil cmsion. Butler managemunt and sustainable develop
meni incusurcs have to be won*ed out and implemented.

There are two main approaches to study soil erosion,
depending on spatial and temponl scales (1). One enjoils
rin-sire measurements, which involves pertonning jinga-
lion expelimenis on anall-scale plots. The other is off
site unantification through modeling, which can be
applied to reveal poreniial pailcots of soil erosion, or
eraluaic the soil erosion un a large scale. Aumrding to
the study by Rameni at al. (19), if data from field inca-
suremcnts are lacking andlor sparse due to costs of man-
power and lime conshaints, off-silo modeling techniques
are promable. Lack of data is apparent in the Mount in-
80n legion, pully due to climatic condiiions, wiih a hidi
cloud cover, and madly due to the location. with stscp
slopes and a sparse road network inching it dimeult and
expensive to carry oui field meanrcmcnts.

In order to build the quantification model, as many
as possible of the criteria that influence soil erosion
should be taken into consideration. The Revised Univcr-

sal Soil Loss Equation (RUSLE} is a widely used soil
erosion ink"shy Gunluaiion innd"I, modified and
impmvud from it, u Universal Soil Loss Equation
CISLE), developed by Wisehmeier (211). There are sev-
cal firctors included in this model. such as rainfall CTo-
sivity. soil cinchbility, slope length and steepness focior,
cover management factor, and conservation practice tag
tor. RUSLE can be treated as a kind of inuni-criteria

analysis, sirius the results am calculatod according to the
influencing fuelors. GIS ICclmology is thus an propriatc
due 10 its powerful multi-criteria processing and calcula-
lion capability (21.24. Moreover, in many conclusions
of previous studies, highly significant spatio-temporal
phenomena or changing patterns were revealed by apply
ing GIS and remote sensingbased soil erosioiVland dcg-
indri, ion modeling (23. 24. Longtcrm studies can be
pertonned, and tile changes in soil erosion intosity pat-
toms can be shown and analyzed using these methods
Hence. evaluation and prediction are possible 10 carry

B. J, tingetal

'Corresponding author. Email: Dellcr. parsio@gis. Iu. so

O 21.14 Wuhan Un;bally

^

e
61

.>
=
-.

a,
61

01
^

<.
^

oul much easier and faster than before to address the

hazards caused by soil erosion
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7.2. Jing ""d o^ledi"s
The overall aim of this study is to explore possible
mends in climato conditions as well as soil erosion in ling

Mount Elgon region in Uganda during lite last dccadc.
The original RUSLE model structure is compared

with an updated RUSLE mudcl, whcru the slope length
fador is replaced by drumagc area. If the results of the
updated RUSLE gives better neonlts, then the modified
parameters would be more appropriaie for Ihu study area
conditions.

The first SPCcthc aim is thus 10 produce bigi-aceu-
incy soil erosion estimates for the study area Second.
possible clinnte and soil erosion into"siq, trends from
2000 to 2012 am discussed. These aims arc addresscd

litougli the following objectives:

:Z,
21.
b
U
e
a
o

e

^
o

.

. To under sund Ithc innucncimg factors in Ihu RU.
SLE mudcl and the basic usage of the model by
revicwing litcrlure und previous studies.

. To perform the two different model calculations
for the years 2000,2006. and 2012 in order to
estimate soil erosion and errcato soil erosion miten-

SIty mops
. To compare the accoraq, of the two methods by

using field measured data.
. To analyzc the soil erosion intensity between 2000

and 2012 as impactsd by climate and land use
change.

f. 3. Rare", cJ, q",*, ions

. Thu major questions which this study addresses

. Are Ihure indicative siam of climate change in the
study neat

. Is the up dared version of RUSLE, using flow accu-
inulaiion instead of slope length, more preforabtc?

. How much soil was lost each year dadng allc last
decade in the selected microcatchmcn. on Mount

Elgon?
. What is itIC soil cmsinn pattern from the year

2000 to 2012?

. Why do possible trends and patterns occur, and
what can be done to avoid or thing are soil erosion
in the future?

ale

J. 4 General"e, ,,@dojogy
In order 10 answer the research questions. revelal stops
ate under"kcn. Finaly, relcv"n. linentui" is reviewed,
including basic informa, ion about Uganda and the certain
study area. the factors in the RUSLE model, and



knowledge about previous use of the model. Secondly,
relCmng 10 the heriors in tile nudel. the dare-gels of the
sinidy area are coileded horn various sources. Dtgml
elevation models (DEMI, corellite images. climate dan
for rainfall. and soil classi6caiion Imps am used. After
wards. by applying tire RUSLE nudel and unc updared
RUSLE model. the result of soil erosion inncnsity of the
ringer years am CStimatod and PEERn, ed in toful. r for-
mats as well as mus. F1nally. an evaluation is pertormed
to assess ,he accuracy of tile results derived using the
original RUSLE sricnne and the modified structure A
statistical analysis is carried out in order 10 explain the
possible soil erosion pausing and trends as well as the
climatic innucncc.
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2. Study are.
2.1. Loc""on

The sandy area is localed on the User, dan territory of
Monn, Elgon. Mount Elgon is a hallsbound"y numbn
which lies on the border of western Kenya and eastern
Ugandai. The momtain is the largesi and oldesi ex"nct
volcano horn PIiocene age in Easi Africa. The cleva, 10n
Is aboui 4322 in (25). The comal sindy. area constirutcs a
part of Manchua catch, Itsai, lying on die weslam side.
as illustnicd in Fig, ue I . The map chows the position or
the shady area. in is located belwcen latitude 0,893 and
1,084 . and longitude 34056 and 34384 in the
WGS84 congdina, CS system The mml coverage of the
SIudy area Is 365 km

*

rainfall differences ale mostly LIBueneed by o, 093phic
conditions. altitiidc, and location
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24. Soil

Ceriumlly, Ihc soil grilleni, c or Mount EISOn is deep and
derived horn volco, ,ic ash as the paduc, or a single
wealhchng cycle (11). A $191, front chumtctisric porn, ed
nut by Isabirye (27) is dial the soils of this anta arc
h, ghly variable because urine suncm, re of the carbonaiiic
done. in a sridy by Bamut"c I ), lime main sources
of the soil types in Mount Elecn are gigued. First. volca-
nic ash and rigglomemtes found under volcanic moui-
tans and hills and their liedime, Its have contributed to
the formalion or the soils. Second. some of Inc soils arc

defined nom lint^inhic rocks. which are the dcgxhd
Gundamna soface. Thirdly. an"her part of soils is
derived from mixed volcanic-,, neuromhic ro*s.
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2.2. fopog"p*y
Several mud, CS point oui that the geomorphology of the
MUDn, Flag, region us doin, roled by v01"11.5ni (
The elcv"10n in the andy area vanes between 1084 and
2455 in above era level. DIG to mouniainmis charadens-

lies, the variation of lire slope Is large. The largest slope
Is So dogee. 48% of the area have slopes less than 5
degrees. 18% of the aru have slopes from 5 to 10
degrees. 23% of the area have slopes betseen 10 and 20
dcgccs. and I I% of the sindy area have slopes exceed.
Ing 20 degrees.

8

41

2.5. Dag"."@" ,", land corer
The distribution of VCgetotion ill Monnt Elgon region is
influenced by many physical and nthropoga, ic fodors.
such as clcvaiion, aspccr, soil. climate, and land use
padiccs (29). Generally, ^ur different broad vegaation
communities can be observed. Mixed morit"IC totesI can

be found up to elevation of 2500 in, hamboo and canopy
moriun, e tones, CUI be found horn 2400 10 3000 in, and
moorland con be found above 3500m (30). However.
un naturel VCgetaiion is heavily innuc, ,cod by human
activities. Because of the pressure horn the rapidly
Increasing popul"ion, natural vegetation is damaged by
Intense agriculnire aid gazing activities, especially in
the area below 2200 in. Agiculnure lands occupy 47% of
the landscape. and my starxi anus cover 22% (31). This
potsn"al darn^ or the gnund cover VCge", ion. of
course, can leadio an increased risk of soil erosion.

2.3. cm, ,e

The climate of 11, e Monnt Elg". region call b. defined
as hum, d rutsopical. un is dominated by reuson. 11y alter-
riding moist southwestaly and dry northeasterly mr
streams. The meal annual air nomperature is about
23 C Moreover. the average minimum and maximum
tempom, ure Is 13 'C and 28 'C, ICspcdively. The w"in-
CSi months in the year ate from January 10 Manh and
the coolest months arc horn July to Aug, 51. The onset
and CESsa, ,on of rainfall moriih$ arc March and Decom-

bel, respect, VCIy. Tile muon annual precipitotion is eerier
ally around 1500mm (7). The precipiuion in the Mourni
EISOn region shows a weak bi. modal panem. Tlre

B J, bing or al

2.6 Pay",,,, 0" a",,""d us,
The estimated population density of Monafirya catchmcn,
region varies between 250 and 700 persons per square
kilorneicr (7). TIE land use types in the Mount Elg",
region arc classified as crop lands, secondary hasi, nat
unl meSL bare land, and built-up areas. Agiculture
lands are the most common land use type across this
area and agriculiure aerivi, ies are extremely frequent
(31). The agicul, un acuvitics are mostly curied out
below the elevation of 2000 in. Moan, c fanning system
and snailholdings am the most common foms of
agriculti, re in this region ( I. Dune to low CIEcicncy in
the agriculture and lire huge pressure caused by in
copyl"ion, line crop lands am encroaching upon. higl, er
mountim areas. which are Impaing the narual forest
area. Mug. gga a a1. (8) note that the most significant
land use changes are the conversion from namml forest
to other land use types. especially crop lands aid gazing
lands. This kind of land rimage, min con easily lead to
Increased land degadation and soil erosion
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3. M. ,ends

3.1. Obi, ", clam"'" Model
The terrain dan required for the modeling mow
longh. flow accumulation. slope gadtenL c, c. ) were
all extractsd from a DEM. This cmgmal DEM was
interPIlated by using a 10-in resolution contour map,
provided by the Depart, nent of Mapp, ms and Surveys
for Uganda The extraaed raster DEM was genera, cd
in ArcGIS 10 by using the inherent pro^Cols. in Is
under WGS 1984 spanial teleinnce andinats system
and pro, Ccicd 10 orM Zone 36 N. Tire spatial resoiu-
tinn Is 25 in The elevation lunge of the Mount Elgon
legion us from 1041 10 4301 in. Tile DEM data were
used to continue the slope gladient, now direaion.
catchment area, slope length. and now accumulation
for lire mudy

3.2 Cm",, d","

The climate data ae from Bamuiaze (28), conecicd fun
four different climate 51.1ions: Bud. ,aa. Bulucl. eke, Bu-
wabwalc, and Nabu, reli. The Tannall data arc ob, a, uusd
from the Duparnticni of Meteorology orUg"da The cli-
mate dab Include precipi"lion. relative humidity, solar
intensity. w, rid speed, and rein"rerun. All the data ale
PCvidcd in DBF formal, which can be read as lables by
ArcGIS 10 or Excel. The position of the climaic 5/8/10ns
and the location orihe mudy area am shown In F1g, IC

only precipitation is signficant for Ih, s study. The
data are distributed in daily form. The mirinll data in inil.
linerer for the target yons 2000.2006. and 2012 were
exmcied from alarger data-sei. The precision or"., s data-
setis 0.01 mm. The rainfallerosivity factor was estimated
by innerpoleling 11nc values from the climate SUIons.
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3.3. Suil dai"

Due to limitsiions in the available soil dan. a combina-
lion or two differ"n, types or soil data is used in this
study. Two soil maps which contain different soil types
as attributes arc used (28). The soil types are in the Food
and Agricultom Organization classificaiion system. One
soil map contains more devilcd soil infonnation or the
area localcd in Ihc southwcsicm part or, 10 Mount Elgon
region. Untortunatoly, there are some gaps in this data-
SLt in order to fill these gaps, another Uganda national-
level soil Imp with lower resolution is used. As a result
a full soil map of southwestern Mount Einen was Boner
ated to aid the estimation of the soil erodabiliq, facior.
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3.4. Suieni, e re",@, e SE, ,sing of","
The uscd ASTER cotslli. c imagos arc from titc summcr
period of the years 2000,2006, and 2012. The spatial
resolution of the salellits images used is 15 in. All
images were gco-, etcrcnccd under the WGS84 coordi-
mare system. Dalailcd information about the used ASTER
images is shown in Tabl" I. Thu thinu sadli. c jinagcs
used are expecied to be from the same date. However.
due to heavy cloud cover in the Mount Eigon legion
during summer time this requirenient is difficult to fulfill.
The data used in Ibis study are the best combination that
can be found
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There ate three bands in the downloaded data,
BANDl. BAND2, and BAND3 N. The corresponding
wave ICng, hs orthe, hire bands are shown in Table 2.

in the downloadcd data, the digital values for Green,
Red, and Near-infrared band were interpreted following
the spectral Mecumcc chumcierisiics. fitai means the
satellite images can be used for Nomalized Difference
Vegetation Index (NDVny calculation dinedy in the fur
ther processing stage. The Now data indicate the land
cover environment. row was thus used to estimate the

cover management factor which is uric of the coinpo-
ncnts in R'SLE model
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Table 2. The wave Icingh for each of Ibe bands in the VPItR
rubystan of ASTER

I

B. Jig"g at 81.

THUG I. Dam abo"I the ASTER itnagts used in the SIM, y.

.

Band ino.

Product ID

2

3N

FrodalOll
Proda1012
Prodai013

3.4. I. Field dai"

Field incusurcmenis of soil erosion collected and pre-
sented by Bamu, ane (28) are used in this study. Soil loss
was mean, led in field at 11 different locations in the

study area All measurements were carried out by the
use of sediment traps in open sueams

developed by Wisehmeier and Smith (33), and improvcd
and modified by keriard et a1. (34). Five pommelers are
used in the RUSLE model to estimate soil loss. They are
rainfall erosivity (R), soil clodability (K), slope longitI
and steepness focior (us). cover nanagcmcni factor (q,
and conservation pinctice Ihctor (A. Referring to the
RUSLE model, Ihe relationship is expressed as

(1)A-RXKXLSXCXP

where , it ha" y") is the estimated spatial average of
total soil loss per year; R 01/11nm ha" in" y") is the
mirinl erosivi^. factor; K @ ha h ha~' Ml" min") is the
soil earodabili^, trior; us is the slope length and srecp-
ness heror (dimc, "ionicss); C is Ihu land surfacu cover
managernent factor (dimensionless); and P is the erosion
control conservation pinchce focior (dimensionlcrs)

The methods and fomulas for estimating each of
the parameters in the RUSLE model are mainly based on
tintc previous studies: Bamuuze (28), Pilesj6 (35), and
Fusumakumar at a1. (11n. The work flow is shown in the
mow chart in Figure 3.

wave Its8th Irun)

Time

2012/6Q7
2006/8/30
zoom9Bo

0,524.60
0,634.69
0.78-0.86

4. Methodology

4J. 71, e RUSLE rindel

allc RUSLE soil erosion inDJcl is used 10 cadmaie soil

erosion inlullsity in a caromcni. The kUSLE model is
based un the UsLE erosion model sumcn, IC which was
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Canal could mats

us: 1,107. Long 34.261
Lai: 1/11. Long: 34.236
Lai: 1/24. Long: 34.144

Color

6.00n
Red
Near-infrared

a'

erosiviiy and rainfall developed by Wisehmeier and
Smith (33) and in"din. d by Am oldus (36) was used to
convert the monthly minfoll values to mintall erosivity.
The calculation was as follows:
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where R is the rainfall erosivi^, value in Nunun ha" H'
y" , Pits the monthly minfallof the ,-Ih month (I=I. 2,
..., 12) in min. and P is the annual ninjall in min.

Erosiviry values between thc rainfall stations WETc
estimated by the use of invets" distoncc weigl, fling
(IDW) micronlatiun. The minfall erosivib, of the study
area for the years 2000.2006, and 2012 varies between
897 and 2813R^Drum ha* hi' y". The highest and low-
CSt values both appear in the year 2000. The southwest-
Gin parr or the study area always has Ithc highcs, rainfall
cmsivicy. vainus.
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4.2 ""fly'"11 erosi, 14.1bdor tit)
Tile rainfall erosivi^, factor indicaics the erosive jolts or
a specific rainfall (10). The relationship betwccn rainfoll

,=I

Bandl. Band2. hand3N
Bandl. Band2. BonusN
Bandl. Band2. Band3N

Bands

43. Soil cmd"Dirty lador or)
Soil cinchbility values were estimated based on the soil
map. There ate in total five types of soil classified in the
andy area. Nitsols, Citysol", kiri" PIi"it, o1" (Am"),
Lixic Fernlsnls, and ACTic Fedsols.

rifle^It soil types normally have different some
tunes. which influence the intensity of the soil erosion.
The soil mudability K-value indicates the winembiliry
and susceptibility of the renaln type of soil 10 detach-
meni by erosion (24). The higher the clodibility, value
titc soil has, rutu inure Ihu erosinn will be suffered whut
Ihu soils arc exposed to the sumu intensity of ninja!I,
splash. or suchce flow (37). The unit for soil umaihility
is I ha h hn" flu" mm".
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Pilesj6 (33) CSiirnnics soil dodib"icy values using
the color of the soils according to Bono and Setter I an,
Bono and Seilcr (39), and Weige1 14n). Table 3 chows
the K. value for different soil colors.

The five different 5011 types were cosiercd K-values
according to the colors of ,he soils. The colors for the
five different types of soil were obiained lion IsmC
( I. For the Fernlsols 3011 than is rin maticd subclass
classificaiion in the IsR!C document. The color is SGI 10

either red or yellow Tlre K-values for tile two Ferncols
were thus sei using the mean K-value or red and yellow
color. Tile K-values of the five types of soil are listed in
Table 4

4.4. $10" 10.8, " ""d ,t"p""s jbc, or IL, j
The slope and sleepncss fadm' i's) Is a combination of
slope steepness and slope length. to a high degee aired-
rig in total Bedi, ,rent yield from site 11 Is considered 10
be one of the most challuiging fadors 10 derive I ).
I'm^akumar o1 al. ( ) claim mai generating the us-
heror also capiures factors like compaction. congoltda.
'10/1. and diSUirbancC of the 5011

In this study, two different primerco are used to
calmie the us-heror now ICngih and now .CUImula-
non. Boih flow lagh and flow arcumulaiion can be
used 10 Galauic the con", funori of ups"earn cells in a
DEM to downs"earn cells. Flow longh, also called slope
length. helps in estimating the warer now along lines
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Table 4. The colors and conepond, rig K-"Iues for the coils
in the SIudy erg
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Pdnc PItnihols (ACncj
Lix, c renal3013
ACU, c bratsols
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while flow negimulation Is based on drainage area. For a
specific cell. die flow accumulation is estimated based
on the upslopc ite and notjust along now lines.

The us foots were estimated by applying the
equation p, GP, sod by Moon an" B", ch (43. 40. The
relat, on. h, p Is as follows

Color

8

Bl"k
Brown
Red
Ydlow

Color

Red
81"k
Rcd
Red " Yellow
Red or Yellow

Ls (Flow length or Flow acaimujatjon) , Cellsize) '

45

x ((,. Mop. 0.08%

where LS Is the comb, nat, on or slope length and steep
ness. Flow accumulation or Flow length Is the ECCumu-
lined upsloj>e contribution to a cell. Cell SEC Is tlic
resolution or tile BIGr Innge, and Sin slope Is the sirius
value of the slope in dupees.

The CS, Inaned us values based on slope lungh. vary-
Dinr between O and 184. are presented in Figure 4.

The estimated us values based on Bow accumulation,
varying hemcen O and 95. am presented in Figure 5

K-value

0250
0,150
0250
0275
0,273

" Logond

K. value

46

0.15
0.2
0.25
0.3

B Ji""g ci al.

4.5. Corer an", gene",^dor, O
The cover manager, ,Grit fuelor represents the effect of
plants. crop sequence, and nther soil cover aria^ on
soil erosion. The value of C-factor is denied as the redo
of soil loss horn a certain kind of land stiffarc cover

condition (33)

Flu", e 4 us-I, CIOT SI, rigid usIng flow length.
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FDgure 5. us. ,*10r ginm"co using Bow eraiinu!. lion

According 10 Prammakun. t at a1. (10). the NDVl
can be used as an indicator of lire land VCgciation vigor
and treat, h. In addition. Karydas at a1. (45) and Tm
a a1. (46) slate that due 10 the variety inland cover par
terns. satellite remote sensing data on act as an exits-
incly Imporr"11 role 10 calmaic the C-trior.

in this glady the original gulli" Images horn the
year 2000,2006. and 2012. with macet"Ice values in
the green, red. and near-infrared hands. were converted
to NDVl for the cones001xiing years

Ancr calculating lire NDVl, the C. kilor can be can-
mated by applying ", u relationship used in Zhou et at
( and Knuli a a1. (48)
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where C is lit calculated cover nunagenrent heror, NDVl
is in VCgc"lion index, and a and , arc two scaling fac-
tom van dcrl<, litff or at. (49) Buggysi that by applying ms
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relationallip beller results than using a linear relationship
can bc obn, ned. They suggest the vanics for lire two seal-
ing Iac, "s a and, to be 2 and I, negpedively.

Because or the cloud cover in the reiny season, the
quality of the satellite Images 1511, ratted, which may cause
some uncertainties in tile results. in order to remove

cloudy areas the clouds and the shadow of clouds were
class, lied using un"PCrvised classihcation and the SPCc-
toI bands Decn. red, and near infraad. The number of
uriaij, ervised classes was SGI 10 15. The classes, automati-
cally clustered by the urnsupervised cl"sincaiior, tool in
ArcGIS. were finally goupcd 10 cons"uci clmid layers. In
in C. trior maps and the final results the cloud are" are
shown as black with in daia. The cloud land cloud alla.
dow) areas for ale three differ. n, years (2000,2006. and
2012j were 4.92,0.59, and 12.38%, r'spedively. Esii-
mated C, factor values varied between 0,00008 and 0.66.

The spinal disttibution of lire C-, ador for the different
years Is presented in Figures 64
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Figure 6 C lador of the sridy on. in Ihc year 2000.
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Figure 7. C. taster map of the SIudy are, in the year 2006.

4.4 Conse, ,:", ion prodCcfod"r pi
The conservation preencc factor (P) is also called as sur
poll factor. 11 re"CSenis the soil loss relio after pertonn-
ang a specific support practice to the corresponding soil
loss. which can be neared as the factor representing the
elfec, of soil and w"or conservation practices 134. Spy
The range of P focior varies from O to I. tire lower the
value is. the more effective the conservation practices

In this mudy Ibis conservation pmdice factor
was assi", cd the maximum value or one (1) across
the allirc study area. The reason for this is Ihai
there are no signific"It conservation p, adjces in the
study area. in Malaf. un. most of the conservaiinn
practices arc tree planting. and can thus be consid-
cmd to influence the cover management factor (q
I, am.
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5. Results

in order to eatingto annual coll loss. the five factors wae
multiplied aceoiding to the relationship in RUSLE
nudel. In 101.1 six layers with annual soil loss were
computed, two for each year. one using flow longh. and
one using ,ow accumulation. The soil loss was classified
into soil erosion risk maps with five diffc"nt soil Erosion
risk levels according to Barnu, aze (28). The thusliolds
for each of tile rich levels am presented in Table 5.

.

N L"."d

^;

Table 5 C"e, on 2,100 or 50.1 eros. "I risk.

^

Eros, on risk

5.1. Soil cm, to" ,,,* bed on, ," ""g, " rid*@,
In gacral. the soil erosion hsk maps obtained by Bow
lagh method have Ridively high annual soil loss
values. Exploring the maps (Figure 9) it can be
concluded that mom than So% or the ama is exposed for
very high erosion hsk

Vuy low
Low
Mada"e

High
Vuy hist

FiBure 8. CTaci". Innp o11hc study area in Ihe ye" 2012

For tile year 2000. Figure 9 mugrates the CSiim. led
erosion risk. The soil loss CSiimatcd by the now ICng, h
ninthod in this year varies between O and 4995 I ha" y"
with an average value of 364, In" y". 62% of the "e,
h" a very hi, h erosion risk, 13% has high risk, 17%
has traderste risk. 69. has low hsk, and only 2% has
very low risk or soil erosion

For the year 2006. the estimated annual soil loss var-
is between O and 4698 I ha" y" which Is similar 10 the
result of year 2000. However. the mean value is 231 I
In" y". which is much lower than that of 2000. About
53% of the area h" very hish erosion hsk. 16% has
thud, rich, 20'^ has modemte risk, T, 6 has low risk, and
only 2% has very low risk or soil erosion

The reallt for 2012 is CStimaicd and soil loss values

of between O and 6053 I h. " y' were obtained. This is
the biglics, maximum value or all ,IDC results. The mean
soil loss value us 362 I I^ y , which ,s cbse 10 11ne one
for the yam 2000 Abe"I 56', or the area has re, y hidi
erosion risk, 14 . high hat, 20', modemie risk, 7%low
risk. rid only 3 . cry low risk of 5011 erosion.
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Soil Loss , 2
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10 S Soil Loss , 50
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coincide titrer with field dare. and arc thus more
reliable

In the year 2000 the higherI slim. led soil loss Is
1198 I In ' y" (Ftprc 101. The neon value for in
winle SIudy area is 103 t ha" y"; 31% of the sindy area
is classified to have a moderate soil erosion risk. Hid, cr
and much higl, er risks ale alloca, ed to 19 and 307q
respectively, while 147, of the area has low risk of do-
sion and 6% very low risk

The estimated soil erosion risk map for the year
2006 is shown in Figi, c 11. in this year. the estimated
anus15011 loss varies hem"in O and 1129 t ha" y"
which is almost the same " for the year 2000. However.
the meal value decreases to 67 I ha" y" which is lire
lower, callnnted neon soil loss value of all the realm
Aha. , 39% of the area has modemie risk o150/1 erosion,
hid, and rely higli hsks are allocated 19% each, 16% of
the area has low risk, and 77. has very low risk or soil
eros, on

For 2012 tm calmaicd soil loss vinus between O

and 1454 I ha" y". The unluc 1454 , h, " yl Is h, Biter
than the inarimum values for 2000 as well as 2006

Reforrin. 10 Figure 12. the area covered by madamic
erosion risk is the highest (32%), followed by very high
risk (28%). low and higl, fists (16%), and very low risk
18%I
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Generally, the absoluic values or annual coll loss Ing
lire now aceumul"ion ale much smaller than lire Its

estimated by using flow ICngih rusthod The neonlis ISO

N Legend
"*' 1/1 ^ ,L

".,*.

SJ. Conp, ,bon @11"e iru node""g nabo"
Based on the results obtained by jin flow length and
flow am, inula"on mmhods, a comparison or accuracy
was coined out m order to Judge which of 11re uso nab-
cdS gave lacticr and more acainie result. The cornpan-
son was made from two aspects.

First, from 11nc caringriphic pont of view. the cal-
mated result inn's chumned by using the now length
nethod have large areas amigicd high or very high 5011
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FDPe 9. Soil erosion risk map oboned by the Bow lensih method for Ihc y"r 2000
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erosion risk levels. The areas with very high erosion
risk level "e 62%, 55%, and 56% for tile year 2000,
2006. and 2012. usPCdively. When comparing with
field visits and interviews with farmers this is uinealis-

Ile Additionally, the classification inchod used to gal-
crate the soil erosion risk ,reps is referring 10 a
PIblished study by Bamur"e( ). reaming lower soil
eroston risks in the region Aliosciher. this it"iaies nat
tile results chained by us, rig the Bow accumulation
Ineihod is belly.

Second according to the results reported by Bam-
u, are ('81, from a nearby area in the 1990s, the average
annual soil loss value was 431 In" y". with maximum
value of 585 , h. " y ' on a cell level. and the hidicst
potential erosion value reached up to 778 I ha" y" in
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tire study PMen, ed in ms paper. the realis obtoincd by
using the now accumulation filethod gave average annual
soil loss values of 103 t In" y" 67 Iha" y" and 101 I
jus" y" with higlresivalucs of 1198/1"" y" 1/29I
ha" y", and 1454 I ha ' y" for the three years 2000,
2006, and 2012. respectively. These estimates arc much
closer to the previous sindy than the results ob, tined by
using Ihu flow longh ninthd

To conclude. the results chined by using the now
accumulation method seem more accorde and reliable

than those obtained by using now length. Thus, further
discussion on the soil erosion rends and die relation-

ships between sail erosion and priceipi"nodclima, e and
land cover is based on the nulls obtained by the now
accumulation nethod.
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6. Discussion

6.1. U"",,",",," ,"d find, "","s

In general. due 10 SPCcmc ch"arterialCS of the sindy
area. a noun, Incus area located in the Mourn EISOn
region. findrng ,he data which fulfill the requirements of
RUSLE modeling is very dimeuli. In mis saidy, most of
tire d. ,. are PCvidcd by local donarnncii, s and research-
us except Idr the ASTER remote sensing data. Diic to
tile lack of data. the time series sindy was only coined
out Idr the three target years 2000,2006, and 2012.

In the result maps. some of the CStimaied soil loss
values am very hidi. reaching 1434 I ha" y" using now
accumulation, and 6053 I ha" y" using now length. The
origiiul DEM data are an internolated 25-in resolution
raster map based on digi. ized contour lines. Due 10 the
25. in r'soluiion. some sinks and breaks are removed
from tile DEM. This results in exaggeraicd eatm"ions
of now lengths as well as flow recoinu1"10n. with cure-
spynding high us values.

Regarding priceipi, allon. only data from fur mirinl
5.1ions in the region were available for tile three years
2000,2006, and 2012. The precipi, atton dan for the
quire study am. were general"d by nuning IDW inkr-
polalions with cola horn these four 3,110ns. which is non
prel^tile. Moreover. the location for ,he four clima"
5181ions used for interpolation is clustered in the custom
pan or us sindy area. 0110 can thus expeci the interno-
lated priceipi"lion values 10 be more accumie in the easi-
cm pal of the study area.

Five types or soil arc detected in the andy area.
based on a soil map of questionable quality. in Uganda.
soul mapping is still at co"re scale. which makes it a
challenge to Bel high<Innlity data Additionally. the
method used to calmats the K-factor is based on the

color of a panicular type of soil, which cal be consid-
ercd as a rough estimation method. In the sindy done by
Xu q a1. (1), a more prolbssional K-fador estimation
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inert, od, relCrrmg 10 the SIudy by Sharplcy and Williams
I I, is p. S. rid. However, in order to apply this
tileihod. mon detailed soil myarmie, s riot available in
this shudy am requtr. d, like the subsoil sand fraction. the
5.11 hadion, the clay intrion. and tl" topsoil arm
conten,

There are also uncertainties in 11" cover manage-
mum factor that was estimated by lire use of ASTER
salelliie images. Thane are mumly two sources genen, ing
mrs uncertainties, one related 10 tile temporal distribution
of the satellite dan and the other related co cloud cover.

The sadliic data ae supposed 10 be from the same
month and in summer time. The reason for this Is theI

non only this period has the mon VCgctat, on cover, bun
also that it is the most seno, Is erosion period due 10 min-
fall in the miny season. However, the rainy season and
the mountainous climare conditions rerun in ex"cinely
cloudy weather. 11 was impossible to find gulltc dab
from the come month for different years. For the target
years 2000.2006. and 2012. the images used in Ihts
shady are horn September 30. Augusi 30, and June 27,
respectively We can thus tipeci more ruleena, n, y in 11re
image from July 2012. The land cover sineiton reo
month earlier than the other two large, years Iruy be
sigiific"1.1y different.

The uncertainties relating to elmids are always a b, g
problem when using remoteIy sensed data in this SUIdy.
all innges are jinuenccd by cloud cover In the year
2012, the cloud cover is more than 127. Because the
shadow or lire cloud has a negative efreet on the NDVl
and the CSiimatcd C. belor values, the CIO, Id area was
ovencl"sifted wl"n carrying nut the classdicatio". The
classified cloud area also contains cloud shadow. Even

thougl, an over-classification was perto, mud. cone noise
pixels remained. In order to reduce their influence. a low
pass 3 x 3 average innr was used 10 smooth the C. fuelor
dab layer



6.2. ^" crest@" "e"ds rend to precty, ,,,"@" ""d
land corer c*,"86
Mean annual precipi", 10n and meal R. factor of the
sridy arca for the dune years arc presented in Figure 13
as blue grid led lines, respedively. From 2000 to 2006,
the neon annual precipitstion decreases horn 1290 mm
to 1200mm. Then the precipi"lion increases from 1200
min 10 1249mm min 2006i0 2012. The muon annual

precipitation for 2012 is approximately tile same as for
the year 2000. The R-litc, or shows a similar trend. How-
ever. the mean R. factor value in 2012 is sipiificari"y
higher than during the year 2000 (1776 and 1448 MJ
min I^" h" y"). fills ureais that the mirinl in 20/2 had
the biggest effect on soil erosion among the line larger
years

Regarding lad cover, mean NDVl was USEd as the
delccior Itr land cover changes. As illus, rated in
Figure 4, mean NDVl values increases horn 0.56 to
O 59 during the years 2000 to 2012. The increasing trend
Is considered as very weak

From tile year 2000 rin 2006.5796 or lire land area
has an Increasing NDVl. This area is mainly localed in
the vestsm part of the study area. The area with there's
Ing NDV1 (47%) appears mainly in in south and can
From 2006 10 2012, an increasing bend is seen wiih an
Increasing coverage pencnngc of 58%. The inc, eas, rig
NDVl us still located in the weskin pan or the study
area. The decreasing NDVl is mainly in the norilie"I
Coinpunn, the year 2000 and 2012,64% of the land has
an Inc. CGs, "g NDVl. Even if the analysis is influoncod
by cloud cover and riot signfic"It, one can see clear
Indications that most of the western pan of the scudy
area has got more vegetation cover during Its Iasi
decade However. a negilsr polygon localed in the
southnesi corner has a large decrease in VCgct. 1100
cover. may be caused by atticial activities such as
urban cons". aion. or ageultu, c land conversion

Soil erosion changes and trends can IDC explored in
Figure 15. The CStimnied $011 erosion drama"s belween
2000 and 2006. and neg^s hareom 2006 and 20/2
This "trend" is similar to the precipitation rend dig.
cussed above. Tilere SECms 10 be no signilic"., relaiion.
ship between land cover changes and soil erosion on the
sri, dy area scale
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From year 2000 to 2006,66% of the study area has
a decreasing trend in amual soil loss. Most of in area
with this dram^ is located un lire northeasiem pan of
in study area. From 2006 to 2012, there is a general
increase in soil erosion risk (52% of the sindy area). Tlie
areas with higlm risk for soil erosion ale generally
located in the mythwcst. in perl of the study arca. umen
comparing the two years, 2000 and 2012, one can con-
clude Ihai 61% of the land has a dramusing trend in soil
erosion risk. The 39% or the land with inc, Gasina risk is
mainly 1008"d in the northeastern corner. countsas, cm
corner, and some of the western parts of the study area.
The relatively high decrease In soil erosion risk Grin be
seen as connedletory in comparison with the histicsr
maximum soil loss {1454 I h. " y" dercc, cd in lire ye"
2012 the explainiion on, however. bc Iha, the erosion
arca decoascs but Ithu intensity of the erosion at some
particular places Increases.
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7. Conel". ions

Based on the results of Ih, s study we con conclude that.
for the sindy area in the Mourn EISOn legion. Uganda:
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(3) The risk of soil eros, on Is non ,ig, i6canaly dil.
feint in 2012 compared to year 2000.

(4) No specific bonds or panicms in soil loss, pry
cipitation, and land cover have been hand.

,

(11) N. "cad Emuiromna, Id Man's"null Authority &,, e of
the Em. innme"I Ray, Jar 08""d, ; Konin. I. . 1998

(12) Miniw"d. AA. ; Mascy, J. E. Adapiing the RUSLE 10
Model Soil Erosion Futoniial in a Minim""uus Tropical
WEIe, shod. Care""1999.38(21,109-129

(13) ingin. S. D. ; Sinn. D. E. ; 0'Null. M. K. Orig. C. K. ;
Weesics. OA. Soil Erosion Prediciion Using RUSLE for
Cull, al Keriy", Highland Conditions. 48nc EC, ,. s, .
ai","". 2003,97 (I-31,2,540U

(14) Jusroii, . A's. : Small. R Modeling Runefr ", d Soil
Bugler. in a coch, jail Are. Using the GIS. in Ihe
Ht, "lay"I Rngio". IndL, . Bin. "u". Geol 3003.51.29-37.

(15) Huntsn. AJ. ; NGil"in. RF. ; Dale. vH. : Rang. c. ; IVC.
son. L Global Change in Fore, ISI R'Sp", 5.3 or Species
Communities. and HimI'S. Rug, : 2001.51.765479.

(16) Lung. T; Sch"b* G. A Corn", anVC A's~manorL"a
Cover bynanics or furc Pro^Cd Fours. Aum in Trip
IC. I E. slam Ame. BIN, ton. Arc"I, . Ars, ,, 2010. 161,
531 548

(17) Kmpu, . A. ; Kiiuiu. M. G. ; Fusel, I. : Bra. gelm"Is. W. :
Decker& J. : Muw"18. , A. Landslidc, in a Densely Popu.
1.1cd CUI"ty. libe Foodoj, " of MomiEl. "Irug"");
Chanelertslic, and Cauml Fat, ms. 6.0""ph@logy 2006.
73,149-165

(18) UNEP Gfob, ! Fin, to"",", 0,100* &"""'@
Pro"C""*: B"kgnund Paper for unEP's Th, ,d Global
a, mr. until 0.110* Rami (CEO3); Na, rob, . 2004

(19) Ramelli. S. G. : Morng",,, y. D, vid R. ; Geuihug. H. M.
A Campricon of Than ale WFPing of Erosional
Inlet"ty 10 GISDriva, incus Models in co Arithan
Dramagc Basin. J. 11, *Dr. 2001.244,3342

(20) Wischneia. . W. H. Use and Misuse or the Univ""I
Soil Loss EQ". lion. I Soil Harer Co"cm 1.76,31 (1),
S 9.

(21) Ch, .I. e. . ,.; King. D. ; Jumpe, M. ; Hady, R. Coneep,
I'mI of Soil Sp"i. I Organi, ., ion Model and Soil
Funciioning Unit in GIS for L", d Use and Corneav, lion.
Proc"6"83 of 151* World Conger, of Soil &, e"re.
AC, "fro 619.4.296-297

1221 Fu. B. ; Gumck. H. Land Evaluation in an Area orSev"e
Erosion: The Lo^s Plate" or China fur, d Drumd. co.
199, . 5 (1). 3340

1231 FULLogl". 0. ; Hanrmcioglu. N. B. Inleg. lion of GIS
with UsLE in Ass, ,"11 of Soil Erosion. 19bi, r Ram, ";
M","re. 2002.16,447467.

(24) Hops. N Span. I Modeling or Soil Erosion Pouch, I in a
Tropic. I W. lathed or the Calmnbi"I Ants. Cale""
2005,63 (1). 85/08

(23) Cb^"a L . Km. perl. A. ; Kimu. M. G. ; Fussco. I. ;
Deckers. , A Modell, rig Landslide Hanrd. Soil Radish-
hat' on and Sadinm, Yield of landslid" on the Ugandai
Foodope of Mount Elgon. 0.0m@infral"g. 2007. 90.
2335

(26) KIMu. M. G . Muwan, .. A. ; Pose, ,. ,.; Deckers. ,
Inau"Ice of Sal ProperLie on Landslide Occultnte in
Budud. Dinnd. E. ,tern Urnd. artc. " J. Hadc. REF
2009, ,, 611420

(27) ILLirye. M , Mh", q D. ; San. H. ; "bond. M. ; Lw"^
J Soil Resource Infomalio" and Link. gs 10 Agiculiu, a
Production. Ug""d, J. ag, t. Sd. 2004.9,215-221.

(28) Bamu, "e. Y P"Iron, of "bra Emu, "" ""of S, \"",
Loud", in A, ,"on. " Core*"e",. Mr. Ets, ". E", an
Up"ch, Make",. Urnversi, y: EISO. 2010.

(29) Wearhe. K The High-Ainude Envi, ,rind, I of an. FIBo.
UgandaJKeny. I -Clmale. VCgd"lion and the Impel of
FD". Econ. "calM","y"p*, 2002.2.1-253.

(30) SCO". F kiri xi, sarin, ", of Nanv, JR"""e Use by Coin.
in"",', leg fom in EISO" N"tonel P",*; UNDPrr"hints. I
keyorlN0.15; Made, 1994

^
.

e
v.

^

Ref. "neg

(1) Xu. L; Xu. X. ; Men, . X. Risk Ass"satni of Soil Eru.
,ion in Differti, R"hidl Scenarios by RUSLE Model
Coupl" with Info, nanon Diffusion Model: A Case Study
of Bob, iRim. Chine Cur, ", 2012.100.74.82

(2) Binm, a, A. C. ; Put. S. ,.; Rugker. G. R. ; Di*... R; Vlek.
P. L. G. Cinch. y Soil DCvclopniait 11nuaicing Busier,
Su"CPIibiliiy along . Hillslo" in Us"Id. Cafe, " 2004.
58.1-22

(3) N"hay. 0. ; Anjar. . M. ; BCCfom. L. EUalintion orsoji
Erosion Rich Using Analyiic Nawo, k Floors "xi GIS: .
Case Sundy from Sparush Momiain Olive Planuio, u
I Em. jin". Man"ge. 2009.90,3091.3104

(4) 211. n"* X. ; W". B. ; Ling F. ; Zel, . Y. ; Van. N. ; Y",. C.
jiniifieaii". of Phoh. y Anas for Calmlling Soil E, 0-
sio". Cur, "" 2010.83.76-86

(5) DC Mcyer. A. ; Fugu. . I. ; Ichirye. M. ; Deckers. J. ; R'S, D
Soil Erosion R. leg in Triopi"I ^11.8^; A C"e Study lion
L. ke Wada B",,, Uganda. Calma 2011.84.89-98

(6) P"k. S. ; Oh. C. ; ICO. S. ; lung. H. ; Choi. C. Sail Engi"I
Risk in KorcoL Wantshed, . A^d U, ing the Revi, co
Universal Soil LOBS Eqt"lion. I I'dmr. 2011.399 (34).
263-273

(7) Bunui"e. Y; Tonyw, . M. M. ; M. ichw, . MJ. G. ; V""ket.
V. ; Bagoora, F. ; M, ,. rida. M. ; Ob"I'D. ,.; Ejici Wadgc. J
Inniraiion Chancieri, "CS or foie. aic Sloping Soil, on
ML Elgon. Ensign Upaa Cal"" 20.0.80.122-130.

(8) Mu, area, F. ; Kakcmbo. V. ; Buyi, ,a. M. Land Use
Changes on the Slopes or Momi Elg" and the Implic. -
lions for the OLEumnce or Landslides. C"""" 20.2. in.
39.46.

(9) Sumi. E. L. I'd Use Change Parents and Livelihood
bynantics on the Slopes of Mi. Kin. "nj"0. Tanzania
"rid. SIS, . 2005.85.306-323

(10) Pre^n. kum". V. ; With. H. ; Aunod. S. ; GrabL N. Esii.
rin"on o, 5011 Erosion Risk within . Small Momiainu, s
Sub^biers, led in Kg. Ia. India. Using Revised Universal
Soil Loss Equation musLE) rid Gen. Infom. lion
Technolngy. Cansci. F, "",. 2012.3 (2). 209-213.

N
Q
N

*

3,

^

,
U

C

=

>
a

Q



(31) van He. a. M. Attain""Jing Rep"I ",,* I*e Land Un, ',
M"p of Mon", Elyo" Nano""I P, It Momi Elg"I Con-
umaimL and Developnm, naiad: Kanpylq 1004; p 83

(32) Warige. EJ. ; Tenyw. M. M. ; May atwa. J. G. ; Bami"e.
Y. Bekru. aa. M. A . L. I. R CEO-^,. for ,"fy. all". mr.
gaed Nan"I Ream"e M",", gon, ", in Ih, Mr. Ely",
kilt. , of Up"d"; Soil SUG"e Sondy of as Africa
M"aka. 2007

(33) W"chinaer. WH. Sinth. D. D. Audit""g brat"11
a Glide to Comenv, fun PI, "",'"gEmui@" @33"

Art"hire Irandbo@* No. 537; Us Day, ,,"ni of
A, "urnu, e Science "d Edu""on Admitsi, alton:
^hshin", on. DC. USA. 1978. pp 168.

(34) Rend. 1<. 0. : Foster, G R : Wades. G. A. ; MECod. D. K;
Vader. D. C Predici, rig So, I Emuc. by War A Guide to
Curserv. 11n Phimmg with Inc kensed Univa"I Sall
L"$5 EqualIon IRUSLE) API'c Iranth. 1997,703.1.251.

(35) Pries!6. P. GIS ""d frame S, ,"ingh full DUB, '@" had-
,a in Semi-,, of E"vim""e"13. Blind""" of So, 'I Emuk. "
Par""dos ", Drop", SUIa; Lurid University rugs
DCp"mat of PI, y, ic, I Be",. phy, Th. U"jugsity of
Lwid: Sweden. 1992.

(36) Amoldus. H. MJ. An Approxim. lion oilhe Rain"11 Fac.
10r in the Universal Soil to" Equation. In 4.5", man, of
amylul, : DC foodi. M. "d Cabriels. D. . E. g. ; W. Icy;
Chathtsier. UIC, 1980;in 127-132.

(37) Hutson. N. Soil Conger, .: Batsfo, d ACader"ic and Edua.
lion, I: London. 1981.

(38) Born, R. ; Saler, W. Tae S, it of I*e Sth-, hinge
Re, conh Un, ', fah^phi. Cb""carton. Marph"fog. and
a"fog. ", I* Map 1,000; Research Report 2 with Sup.
pie, "ni. Soil Cumco. lion R^"h I^Diori: Aun,
Abeh. 1983. " 95

1391 Boo, R. : Seller. W. me Soils offhe, "am ridR"each Un, ',
fah, ',, io). Clan, icon"". M"photo". ""d Ecoby, . nth
A, "p I 1,000. R"canh R^"I 3 with Supple^I; Soil
Core". lion kg", ch Prt, cL A"is Abeb. 1984.00 go.

(40) Weigel. G. kiri rigomof@ginl Dad@PRe", P"In I" Ihe
Sub Are" jibrage RE, conh Unit. EIA^^pi@I. kge", e*
Rein" 10; Soil Conserv"on R"cull ProjCei: A"is
Abeb. 1983.

\O

e
N

>*

a
^

N
N

o

,

(41) IsmC (us, Id Soil Info"ion). NITISOLS (Nr)
hiip' UVv unto, pishd"chine$does multi, $011, of
the Ladd, sewnUni, EDI. I'dr(Accessed May 26,20131.

(42) Fu, BJ. ; a. .0. W. W. ; then. L. D , Zhang. 0.1. ; Lu* Y. H. ;
GUImck. H. ; Porkn. I. Askssm"11 of Soil Erosion in
Large W"ashed Sale Using RUSLE and GIS: A Case
SIudy in inc Loess Plate" of China Lad ring, ,a DEN
zoos. 16.73*s

(43) Moore. I'D. ; B", d. , GJ. Phy, i, .I Bad, of the hagh.
Slope F"jar in lire Universal Soil Loss Equalon. fin
&i SOC. din. J. rig". 30 (5), 1294-1298.

(44) Moore, ID. ; Burrh, G. J. Modding Erosion and DC"si.
non. Tom"^lie Effects. flu, u. ,in. &". 48, +c. BIB
19,629 (6). 1624/630.

(45) K"yd. ,. CG. ; S*ulos. .. T. ; Sinus. ON. Ouanii, "lion
and Silospecific. .ion or the Support rimce Fad"
und, Mapping Soil Er"ion Risk Associated with Olive
Plantation, in the Meaner, ","n Island or Came gnu, 'in"
Mon, ',. Arser, . Zoo, . I'D, 19-28.

(46) Ti". VC. ; a, co. YM. ; Wu. B. F. : Zhou. W. F. Rig*
",,,"inc", of infer SUI DDJi@" in Upper 8.3i" of
M!,"" Regalo1r; aiv, ,unmani. I Geology: Beby in. , Chin.
2009; VCI. 57. in 93,942

(47) DIDu. P. ; L"ukk"1.1.0. ; Tokda. T. : Niunh". J. Erred
of Vega. ,ion Cover on Soil Erosion in . Monni, incus
Watershed. Cure" Z"8.7, (3). 319-325.

(48) Konli, M. ; Sonpio, . P. ; V. In. .10s, F. Soil Erosion FIG
drum Using the Rev"d Unive, s" Soil Loss Equ. lion
IRUSLE) in a GIS Friar, ,gymk, Chainia. Norihwesi"
Cutie. Greece. Em. "," Geol. 2". $7,483^97

1491 van Ca K, ,intr, I'M. ; Jo"^. RJ. A. ; Montana, GII. L. Soil
Erosion Risk Ask"nani in Europc. EUR 19N EN;
Once for Ondd Public. lions of the E, my"I Coriumu-
mules: LuxemhwB. 2000. in 34.

(50) 00.10. C. T. ASSES""ni of Soil Physical Degradation in
Eaglem K"y. by Use of a Sequ"toI Soil T'sling
hiluml ,in'c. Emuj$,. a, ,{"". 2008. ,28,199,211.

(51) Sinplcy, A. N. : William. J. R. EPIC-ErosiorVl^. wily
Impci Calcul. IOC I Mad. I Docunenuio"; Us DCp"-
rinn, of Apiculture Technical Bundtri No. 1768
Wad, 11/14"I DC. 1990. rip 235

"

a'
v.

*
N

N
e
N

Geo-spying11"formal, on Science

,

^.

g
,
U

o

=

^

a

53


