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Summary 
This study involves the analysis of rainfall, erosivity, runoff and erosion data of eight research stations 

around Mount Kenya in the Central Highlands of Kenya. The altitude of these stations ranges from 1’740 

(plateau) to 3'048 m a. s. l. (mountain slopes). The climate in the area varies from semi-arid on the foot-

slopes to sub-humid on the mountain slopes. The climate of the whole region is, among other factors, in-

fluenced by the Indian Ocean and experiences clearly higher rainfall amounts during an „El Niño“ event. 

The soils of the mountainous stations (andosols and acrisols) are generally deeper, contain more organic 

matter and have a higher water storage capacity than the ones on the plateau (luvisol, phaeozem, vertisol 

and lixisol), which are used for (small-scale) agricultural purposes. 

Small-scale farmers practise rainfed crop production in the study area and pastoralists need sufficient 

grazing sites for their livestock. Two of the main issues which affect the people in the area is water loss 

through runoff and erosion on over grazed areas. Intensification in land use (due to an increase of popula-

tion numbers), cutting of trees for land gain and charcoal production has aggravated the problem of surfa-

ce runoff and land degradation. 

This study aims to examine rainfall erosivity, assess the amounts of soil loss and erosion in the study area 

and to determine the influence of ground cover on runoff and erosion. Data included in this work involved 

measurements of rainfall amounts and intensity as well as runoff and erosion experiments on various land 

use treatments and under different cover conditions during several years. This research project was initia-

ted by a collaboration of the University of Nairobi and the CDE Berne. 

Analysis of the number of erosive rainfall events (I30 > 25 mm/h) showed that the mountainous stations 

have more rainfall days per year but experience a smaller percentage of erosive storms than the plateau 

stations. This led to the interesting conclusion that all stations experience a very similar number of erosive 

events (on average 4 to 7 per year) whereas the total amount of annual rainfall varies greatly among the 

stations and increases with altitude. 

In terms of runoff and soil loss amounts, it can be concluded that erosion is not the main problem in the 

area. In other East African countries such as Ethiopia, erosion rates may exceed 100 t/ha/year and more, 

while in the area around Mount Kenya the average annual soil loss rates seldom reach 40 t/ha. Runoff on 

the other hand is seriously affecting agriculture by clearly reducing the annual plant-available water 

amounts by up to 50 %. Furthermore, high evaporation rates aggravate the water shortage and as a result, 

crop failures occur. It can be stated that runoff and erosion rates are higher during the long rains (April to 

June), which is the main rainy season of the year, than during the short rains in November. 

Generally, a negative relationship between ground cover [%] and runoff [% of rainfall] could be observed, 

indicating that cover is a runoff determining factor but other parameters such as antecedent soil moisture 

and rainfall erosivity proved to be important too. However, a multiple linear regression analysis showed 

that more parameters (such as organic matter content or the degree of crusting) would probably help to 

better explain the variation in runoff. 

The results of the test plot experiments can only partially be transferred into reality due to the small scale 

of the experiments. On the one hand, erosion rates might be overestimated for real catchment soil loss 

rates since deposition could not be measured with these small-scale experiments but on the other hand, 

gully erosion may occur on large grass land areas, thus exceeding the measured amounts of soil loss. 
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Finally, common soil and water conservation practises such as mulching or reduced tillage were described 

and examined as possible approaches to address the degradation of soil and water resources around 

Mount Kenya. 

 

Zusammenfassung 
Diese Diplomarbeit umfasst die Auswertung von Regen-, Abfluss und Erosionsdaten von acht Forschungs-

stationen im Gebiet um den Berg Mount Kenya im Zentralen Hochland von Kenya. Die Stationen liegen 

zwischen 1'740 m ü. M (in der Ebene) bis 3'048 m ü. M. (am Berg). Das Klima bewegt sich von semi-

ariden Bedingungen in der Ebene bis in den sub-humiden Klimabereich am Berg. Die gesamte Region 

wird klimatisch unter anderem vom indischen Ozean beeinflusst und erfährt deshalb deutlich höhere Nie-

derschlagsmengen während eines „El Niño“ Ereignisses. Die Böden der Bergstationen (Andosole und Acri-

sole) sind im Allgemeinen mächtiger, enthalten mehr organische Substanz und besitzen eine höhere Was-

serspeicherkapazität als diejenigen der Ebene (Luvisol, Phaeozem, Vertisol und Lixisol), welche von loka-

len Kleinbauern als Anbaufläche genutzt werden. Da diese Bauern Ackerbau ohne Bewässerung betreiben 

und nomadisierende Hirten genügend Weideland für ihre Tiere benötigen, sind zwei regionale Hauptpro-

bleme Wassermangel aufgrund von hohen Abflussraten sowie Verlust von Weideland durch Erosion. In-

tensive Landnutzung infolge steigender Bevölkerungszahlen sowie Holzschlag für Landgewinnung oder 

Holzkohleproduktion haben das Problem der Wasser – und Bodendegradierung in den letzten Jahrzehn-

ten verschärft. 

Diese Arbeit untersucht Regenerosivität, Bodenerosions – und Abflussmengen sowie den Einfluss der 

Bodenbedeckung auf Abfluss und Erosion im Studiengebiet. Die in dieser Studie verwendeten Daten um-

fassen Regenmengen und Regenintensitäten ebenso wie Daten aus Abfluss- und Erosionsexperimenten 

unter verschiedenen Bodenbedeckungsbedingungen während (je nach Station) 3 bis 20 Jahren. Das For-

schungsprojekt wurde durch Zusammenarbeit der Universitäten Nairobi und Bern ins Leben gerufen. 

Die Auswertung der Anzahl erosiver Regenereignisse (I30 > 25 mm/h) ergab, dass die Bergstationen zwar 

mehr Regentage pro Jahr; jedoch einen geringeren Anteil an erosiven Ereignissen aufweisen als die Sta-

tionen in der Ebene. Dies führt zur interessanten Feststellung, dass alle Stationen eine sehr ähnliche 

durchschnittliche Anzahl solcher Ereignisse, nämlich zwischen 4 und 7 pro Jahr, erfahren. Die gesamte 

Jahresregenmenge ist jedoch sehr unterschiedlich und nimmt mit der Höhe ü. M. zu. 

Was die Menge von Abfluss und Erosion betrifft, kann gesagt werden, dass die Bodenerosion nicht das 

Hauptproblem der Region darstellt. Im Gegensatz zu anderen Ostafrikanischen Ländern wie z. B. Äthiopi-

en, wo die Erosionsraten 100 t/ha/Jahr oder mehr betragen können, wird in der Gegend um den Mount 

Kenya selten 40 t/ha/Jahr erreicht. Der Oberflächenabluss jedoch kann je nach Bodenbedeckung bis zu 50 

% der Jahresregenmenge betragen und vermindert somit die den Pflanzen zu Verfügung stehende Was-

sermenge erheblich. Zudem sind die Evaporationsraten im Studiengebiet während der Trockenzeit sehr 

hoch, was die Wasserknappheit noch verstärkt und zu Ernteausfällen führen kann. Im Allgemeinen wurde 

festgestellt, dass Abfluss und Erosionsraten während der Hauptregenzeit (April bis Juni) höher sind als 

während der zweiten, kürzeren Regenperiode im November. 

Eine negative Beziehung zwischen Bodenbedeckung und Abfluss wurde in den meisten Fällen beobachtet, 

woraus sich schliessen lässt, dass der Bedeckungsgrad ein zentraler Einflussfaktor hinsichtlich des Abflus-

ses ist. Andere Parameter wie z. B. die Bodenfeuchtigkeit oder die Regenerosivität spielen ebenso eine 
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wichtige Rolle. Dennoch weist die Durchführung einer multiplen linearen Regressionsanalyse darauf hin, 

dass noch weitere Parameter – wie z. B. der Anteil der organischen Substanz oder der Verkrustungsgrad 

des Oberbodens – nötig wären, um die Variabilität des Abflusses besser zu erklären. 

Die Resultate der Testflächen können aufgrund ihrer geringen Grösse (20 m2) nur bedingt in die Realität 

übertragen werden. Einerseits werden bei solchen Experimenten Erosionsraten für eine ganze Region 

möglicherweise überschätzt, da eine allfällige Ablagerung im Gebiet nicht berücksichtigt wird; anderer-

seits kann aufgrund der Testflächengrösse die Bildung von Grabenerosion nicht abgeschätzt werden, wel-

che vor allem grosse Grasslandflächen betrifft. 

Diese Arbeit beschreibt schliesslich noch verschiedene Boden- und Wasserkonservierungstechniken wie z. 

B. Mulchen oder reduzierte Bodenbearbeitung als mögliche Lösungsansätze im Kampf gegen Land- und 

Wasserdegradation in Kenia. 
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1 .  I N TR O D U C T I O N  

1. 1 Runoff, Erosion and Land Use Change in Kenya 

Three quarters of Kenya’s population (estimated 23 millions) are engaged in agriculture (ONGWENYI ET AL. 

1993:217) and 26 % of the Gross Domestic Product (GDP) are generated through agriculture. (CEEPA 

2006:1) Obviously these (small-scale) farmers are heavily depending on the fertility of their land but water 

loss through surface runoff and erosion of the fertile top soil are seriously affecting the yields obtained 

from the farm land.  

Population pressure, economic and technical changes are the causes of an intensification in land use 

around Mount Kenya, resulting in land degradation and over utilisation of water resources. (GICHUKI ET 

AL. 1998a:5) Water resources are one of the most important limiting factor for rainfed agriculture north 

and west of Mount Kenya. (LINIGER 1992:497) Land degradation is defined as „the loss of soil by erosion 

and losses of soil productivity under cultivation or grazing by failure to replace nutrients or the modificati-

on of its physical properties“. (TIFFEN ET AL. 1994:29) The potential of the grazing land in terms of water 

and soil resources is degraded through a vicious circle: Over grazing results in the loss of perennial gras-

ses, followed by soil erosion and water loss through runoff. Thereupon, grazing pressure is increased due 

to the lack of suitable grazing land, further deteriorating the situation. (LINIGER and THOMAS 1998:1168) 

At the onset of a rainfall event, raindrops are intercepted by the vegetation canopy. If this interception 

potential is exceeded by the intensity of the rainfall, the rain water starts infiltrating into the soil with ge-

nerally high infiltration rates at the onset of the infiltration. (ROODE, VAN 2000:24) This process is driven 

by gravity and „by the pressure head between the wetting front and the soil surface“. (ROODE, VAN 

2000:98) Once the infiltration capacity of a soil is exceeded by the rainfall rate, runoff occurs. (KIRONCHI 

1998:117) Looking at the generation of runoff in detail, rain water begins to accumulate in micro depressi-

ons on the soil surface until it starts flowing over the ground as runoff, following the steepest slope gra-

dient (Hortonian overland flow). The rougher the surface of a soil is (e. g. ploughed land), the more such 

„holes“ exist and it takes longer time until surface runoff takes place. Its velocity depends „on the slope, 

the depth of the water on the surface and the roughness of the soil surface“. (ROODE, VAN 2000:24,98) In 

the semi-arid areas north and west of Mount Kenya, runoff is not only a problem in terms of erosion, but 

also a main cause for water shortage in agriculture. According to the UN, Kenya has one of the lowest na-

tural water replenishment rates of the world (MOGAKA ET AL. 2006:7) and „is one of the countries with a 

growing water shortage. Water scarcity problems in most parts of Kenya are expected to worsen owing to 

increasing population, uneven distribution of rainfall, underdevelopment of potential water resources, low 

water use efficiency and degradation of available water resources“. (GICHUKI ET AL. 1998b:15) 

Soil erosion in Kenya had been considered a serious problem in 1935 already. In the 1960s, soil conserva-

tion practises temporarily broke down due to a change in the approach to soil conservation from enforce-

ment to advisory. Later on, in the 1970s, the focus was set on land management and conservation practises 

to reduce erosion. TIFFEN ET AL. (1994:29) define dryland management as „land management by smallhol-

ders, large landholders, or government in areas defined as arid or semi-arid.“ 

Sediment yield monitoring was established between 1948 and 1965 and a tremendous increase in soil loss 

in some parts of Kenya was identified between 1985 and 1991. Erosion is enabled by surface runoff which 

is an outcome of the destruction of vegetation for charcoal production, poor land management practices 
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such as traditional shifting cultivation or over grazing as a result of high stock numbers. (ONGWENYI ET AL. 

1993:218)  

Several authors, e. g. WISCHMEIER and SMITH (1978) and OSMAN (2001) agree that the impact of raindrops 

on soil plays the major role in triggering erosion. Two processes are involved in the generation of erosion; 

the detachment of soil particles through raindrops and the movement of these particles through the flow of 

runoff (excess rain water). (LINSLEY ET AL 1958 in: OTHIENDO and LAYCOCK 1977:323) „Erosivity“ is defined 

as the „erosive forces of rainfall and runoff“ whereas „erodibility“ means the „susceptibility [of a soil] to 

detachment by these forces.“ (ULSAKER and ONSTAD 1984:891) 

This study focusses on erosion by water, even though erosion by wind is of importance too in Africa. All 

over Africa, almost 230 million hectares of land are affected by water erosion, (OSMAN 2001:1) which can 

take various forms (fig. 2 and 3). The most important ones are Inter-rill Erosion which is a relatively uni-

form removal of soil (ROODE, VAN 2000:97) that occurs when raindrop splash detaches the soil and erodes 

by transporting it very slowly in overland flow. Rill Erosion means that the soil is scoured by rain and 

contributes to runoff, concentrated in rills. A combination of these two erosion forms is called Sheet Ero-
sion. As rill erosion advances over time, small catchments build due to intermittent water; Gully Erosion 

is taking place. The gully is constantly deepened and widened by „water fall“ erosion at its head. Other 

erosion forms carried out by water include tunnel erosion, mass movement and watercourse erosion, 

which are not described further here. (TIFFEN ET AL. 1994:98 and OKOBA and STERK 2005:45) The problem 

of soil erosion „is not only the quantity of soil loss as such“ but „also the loss of soil quality, which will in 

the long run endanger production if fertile clays, organic material and nutrients are washed away.“ (HER-

WEG 1996:13) Soil erosion is not evenly distributed throughout the year. In the area north and west of 

Mount Kenya, the most erosive rainfall events are likely to occur at the beginning of the long rains when 

the land is not yet covered by (natural or cultivated) vegetation. (LINIGER 1992:494 and HERWEG 1996:14) 

 

Fig. 1: Complex relationships between soil and crop management and runoff and soil erosion (LUNDGREN 1980:145) 

 

In Fig. 1, the complex interactions between various parameters concerning runoff and erosion are shown. 

Rainfall impact (in combination with low litter and/or mulch rates) and runoff cause soil erosion which 
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leads to a decrease in organic matter and nutrients in the soil. Low organic matter contents degrade the 

soil structure and its porosity, unfavourably influencing the soil’s infiltration capacity and the amount of 

plant available water. These processes result in a decrease of plant production, further deteriorating the 

runoff and erosion problems due to lower infiltration capacities and the lack of cover and mulch material. 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Rill erosion near Mukogodo station 

 

Fig. 3: Gully erosion in an arid environment, Kenya. (LINIGER 

ET AL. 1998:31)  

1. 2 Semi-Arid Regions 

Kenya has a mean annual rainfall average of 500 mm, but in the arid and semi-arid lands (ASAL), which 

cover 83 % of Kenya’s landmass, (WANJOGU and MBUVI 2000:13 and CEEPA 2006:1) the annual rain 

amount can be as low as 250 mm. (MOGAKA ET AL. 2006:28) Low rainfall is the only attribute that semi-

arid regions throughout the world have in common. Other parameters such as climate (e. g. tropic) or the 

presence of rainfall seasons vary, resulting in different forms of agriculture. 

Naturally, farmers tend to use the best and most fertile land for agriculture first. However, as human po-

pulation numbers and hence the demand for various agricultural products and its derivates such as food, 

fuel, shelter and clothes increase (the upper Ewaso Ng’iro Basin, where the study area is situated in, expe-

riences an annual population growth of 7 – 8 %. (MUNGAI ET AL. 2004:138)), people are forced to use less 

favourable land for farming or land with less suitable climatic conditions. The natural rainfall variability in 

these regions can cause several difficulties; e. g. crop failure due to droughts or erosion as a result of heavy 

individual storms. (LINIGER and THOMAS 1998:1197) In the semi-arid tropics, „water is [...] the most criti-

cal resource [...] and often the limiting factor for crops production.“ On the other hand, occasionally very 

intense rainfall events occur, causing severe erosion, especially of the fertile top soil. (ROODE, VAN 

2000:23) 

Regarding the soils in semi-arid areas, it has to be stated that an immense variety of different soils can be 

found. The physical properties of some of these soils cause problems including low infiltration rates and 

hence severe runoff amounts due to surface crusting – both a cause and a result of low ground cover rates 

(LINIGER and THOMAS 1998:1197) – which means that the soil’s pores are filled with sediment. (ROODE, VAN 

2000:101) Other soil characteristics are high soil densities (e.g. due to cattle overstocking); cracking of 

vertisols, increasing soil moisture loss through evaporation or low water storage capacities of shallow or 

sandy soils. In terms of soil chemistry, nitrogen and phosphate are often limiting factors as well and lea-
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ching and soil erosion can further reduce the fertility of a soil in a semi-arid environment. Despite the 

lower annual rainfall rates in semi-arid regions, convective thunderstorm rains of high intensity and high 

erosivity are common and the often poor ground cover especially at the beginning of the rainy season ma-

kes the soils prone to erosion. (HUDSON 1987:3-15) 

1. 3 Research in the Study Area 

In 1984, the Laikipia Research Programme (LRP) was initiated through collaboration between the Univer-

sity of Nairobi, the University of Berne and the Government of Kenya. The focus of this project was on 

research on the semi-arid slopes around Mount Kenya to provide resource management information, trai-

ning and specialised research. (NJERU 1995:17) In 1992, the NRM3 Project, which stands for „Natural Re-

sources Monitoring, Modelling and Management“, was established by CETRAD2 and CDE3 to monitor and 

analyse long term pedological and climatic data around Mount Kenya. Data such as rainfall, runoff, soil 

loss, temperature, evaporation, radiation, wind and soil moisture were collected between 1984 and 2006 

at various stations in the study area. The data used in this present study were obtained through the LRP 

and the NRM3 Project. CETRAD is based in Nanyuki, Laikipia District and focuses on the following trai-

ning and research activities:  

♦ Strategies for sustainable development of ASAL4 

♦ Land use planning for sustained livelihood and optimal resource use 

♦ Promotion of sustainable resource use  

♦ Management for improved productivity and non-farm economic development, infrastructure and 

services  

CETRAD collaborates closely with the CDE, Berne, Switzerland and the University of Nairobi under the 

auspices of the Ministry of Water and Irrigation. (KITEME 2007, personal communication) 

Various studies have taken place in the area north and west of Mount Kenya since 1980 and even before. 

The proceedings of the third national workshop on soil and water conservation (Nairobi, 1986) include 

more than 40 papers on soil properties, climate, runoff and erosion, crop and grazing land conservation as 

well as socio-economic matters and policy as factors influencing soil and water management. Among the 

authors are CHRISTIANSSON, LINIGER and MUTUTHO, which are cited in the present study. 

WANJOGU (1991) examined the soils of the Mukogodo and Sirima catchments in terms of soil loss and 

found a wide range from very low to very high erosion susceptibility. The WOCAT5 project, which was in-

itiated in 1992, examined successful soil and water conservation measures in Eastern and Southern Africa 

and discovered that about three quarters of the techniques concerned crop land only. (LINIGER and THO-

MAS 1998:1168)  

The importance of soil cover to prevent runoff and erosion has been studied by many authors. One of them 

is MUTUNGA (1995), who used test plots at Mukogodo – a station which is included in this study too – and 

found that up to 80 % runoff can occur on bare soil during an intensive event. This study is also incorpora-

ted in the present work and results are compared. The Eastern and Southern Geographical Journal 

(ESAGJ, Vol. 8, 1998) is an important collection of research findings in the study area around Mount Ke-

                                                 
2 Centre for Training and Integrated Research for ASAL (Arid and Semi Arid Lands) Development 
3 Centre for Development and Environment 
4 Arid and Semi-arid Lands 
5 World Overview of Conservation Approaches and Technologies  
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nya. Its aim is to enhance and promote geographical knowledge in Eastern and Southern Africa through 

the publication of well researched articles. Among many authors, GICHUKI ET AL. contributed an article 

about the potential of a natural resources information system in the Upper Ewaso Ng’iro basin for better 

management practices. LINIGER ET AL. assessed land use and cover dynamics in the north and west of 

Mount Kenya and gave an overview of the main soil types in the area. Apart from natural parameters, so-

cio-economic issues were addressed in the ESAGJ, e. g. by KÜNZI ET AL., who looked at livelihood strategies 

and local actors. 

LINIGER and THOMAS (1998) published their work on degradation of soils due to the lack of cover in the 

GRASS (Ground Cover for Restoration of Arid and Semi-arid Soils) paper. This work focussed on the hea-

vily eroded soils of Mukogodo and found a permanent grass cover to be essential to reduce soil loss (see 

conclusions of this work). KIRONCHI (1998:114) analysed the influence of ground cover on runoff at Karuri, 

Kalalu and Mukogodo station for the time period from September 1993 to August 1995 and found no signi-

ficant correlation between runoff and cover. He therefore suggests that other factors apart from soil cover 

determine the amount of runoff too. However, he observed that more than 60 % soil cover reduces the 

chances of runoff on crop land considerably.  

In 2000, the book „Land and Water Management in Kenya“ was published, containing several studies on 

e. g. the degradation of soil properties in over grazed areas (KIRONCHI ET AL., WANJOGU and MBUVI), the 

influence of vegetation on water resources (NJERU ET AL.), soil and water conservation (LINIGER ET AL.) and 

many more. STURM (2002) developed a precipitation interpolation model and rainfall maps for the Upper 

Ewaso Ng’iro River Basin and found a high variability in rainfall during the preceding 10 years. 

Another modelling approach, this time in terms of crop production and water use, was subject of NJERU’S 

(2005) doctoral thesis. He found that rainfall variability had the greatest influence on land productivity 

and that water conservation techniques (e. g. to reduce evaporation) showed a big potential to improve 

crop production in the area. 

One of the most recent publications concerning the Mount Kenya region is called „Impacts of Environ-

mental Change on Water Resources in the Mt. Kenya Region“ (NOTTER ET AL. 2007) and assessed river 

flow and surface runoff under scenarios of land use change (such as conversion of forest to crop and grass 

land) and climate change as projected by the IPCC6 Task Group. They found that water resources – 

although very scarce at present already – will experience even greater variability in the future. 

1. 4 Problems of Soil and Water Conservation - The WOCAT Programme 

Generally, degradation of soil structure is expected with continuous cultivation in the area around Mount 

Kenya. Thus, increased runoff and soil loss and as a result a reduction of the soil fertility and productivity 

are likely to occur in the future. (KIRONCHI 1998:154)  

WOCAT (see section 1. 3) was established in 1992 „with the aim of making a substantial contribution to 

sustainable land management [...] by facilitating local and international exchange of experience and les-

sons learnt“. The internationally standardised WOCAT methodology is based on questionnaires to docu-

ment and evaluate individual soil and water conservation technologies and approaches in Africa, the 

Middle East, Europe, South America and Asia. 

                                                 
6 Intergovernmental Panel on Climate Change 
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Conservation methods have often failed as a result of many key missing elements in soil and water conser-

vation as the following examples prove: 

1. Common sense and critical questioning: In central Tanzania, a project promised double yield 

production. Livestock was excluded from the area to protect the soil. As a result, the lack of animal 

manure led finally to a decrease in yields, as fertilisers were not provided by the project. Critical 

assessment of a project before, during and after its implementation is essential. 

2. Preconceptions, biases and wishful thinking: In northern Nigeria, a widely held perception is 

that the Sahara desert is advancing southwards and threatening the country’s agriculture. Propo-

sals for planting a shelter belt against the Sahara were made. In reality, the in-land land degrada-

tion is taking place independently from the Sahara and should be addressed directly. The assump-

tion that all land degradation can be immediately solved when conservation methods are applied 

is wishful thinking especially when the infrastructure is only poorly maintained, e. g. due to the 

withdrawal of the project’s initiators. 

3. Poor understanding of land degradation processes and lack of impact assessment of con-
servation: Basic understandings of all aspects involved in soil and water degradation are in-

dispensable. One example, where a wind break was constructed to combat surface runoff (!) shows 

a lack of information and understanding. Staff needs to be properly trained and instructed. 

4. Lack of a holistic assessment and failure to understand the context: The site specific reasons 

for land degradation should be addressed rather than just the visible symptoms. One project in 

Bolivia suggested to fight soil degradation through the building of structures including stones, but 

no stones were available within 5 km. The farmers could not afford to transport stones to their 

land. 

5. Insufficient use of land users’ own experience and inflexibility of proposed solutions: 

Farmers often have a good understanding of how to protect the soil against degradation and can 

develop land husbandry practices if given the chance. Indigenous knowledge and local methods 

should therefore not be neglected by (external) soil and water conservation experts. 

 

Regarding soil and water conservation practices, no „universal tailor-made solutions“ exist. One method 

may work for one region or at a specific time but not somewhere else or at another moment. WOCAT can 

help to understand, evaluate and develop adequate soil and water conservation practices. The project is 

not just a data collection but a tool for „self-evaluation, monitoring, capacity building and knowledge en-

hancement and exchange“ in terms of soil and water conservation. Further information on the programme 

can be found on the project’s website www.wocat.org. (LINIGER ET AL. 2004:2ff) 
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2 .  O B J E C T I V E S  
This work aims to examine the influence of rainfall erosivity, land use, cover conditions and antecedent 

soil moisture7 (ASM) on runoff and erosion (soil loss) for eight selected stations in the area north and west 

of Mount Kenya (and relate it to other studies in Africa). The data used for this purpose were collected 

between 1984 and 2003 as part of the NRM3 project (see previous section). 

 

The specific objectives of this study are: 

1 To examine the correlation between daily rainfall and rainfall erosivity (EI30) and the quantity of 

erosive storms for the eight research stations. 

2 To assess the amounts of runoff and erosion for various land use in the study area and to compare 

the results with other (East-) African studies.  

3 To relate runoff and soil loss to rainfall, erosivity, ground cover and antecedent soil moisture for 

each station. 

4 To examine the relative importance of different parameters such as rainfall erosivity, ground cover 

and antecedent soil moisture concerning runoff and erosion through multiple linear regression 

analysis. 

                                                 
7 hence referred to as ASM 
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3 .  T H E  S T U D Y  A R E A  

3. 1 General Information and Situation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: The study area north and west of Mount Kenya 

 

The eight research stations of this study are situated in the Upper Ewaso Ng’iro North River Basin north 

and west of Mount Kenya (fig. 4). The basin extends between longitudes 36°30’ West and 37°45’ East and 

latitudes 0°15 South and 1°00’ North. With an area of 15'200 km2, the basin covers 2.8 % of Kenya. The 

altitude in the study area ranges from 800 m a. s. l. in the northern plains and 5'199 m a. s. l. on top of 

Mount Kenya. (GICHUKI ET AL. 1998a:6) The altitudes a. s. l. of the research sites and further properties are 

described in tab. 1. 

3. 2 Mount Kenya  

Mount Kenya is an extinct volcano and experienced Vesuvian type eruptions during the lower and middle 

Pleistocene. Parasitic vents developed in some parts during the Upper Pleistocene. The twin summits are 

at 5'199 m (Batian) and 5'185 (Nelion) m a. s. l. The main rock types of the mountain are phonolites, tra-

chytes, basalts, kenytes and syenites. Pyroclastic rocks and volcanic ash which originate from secondary 

eruptions cover the mountain. The rocks contain between 50 and 60 % of quartz (SiO2). Apart from the 

chemical properties, the structural variations of the rocks play an important role in soil formation e. g. the 

faster weathering process of volcanic ash or pyroclastic rocks compared to volcanic rocks. Physical weathe-

ring takes mainly place above 4'000 m a. s. l. where temperature shows a diurnal pattern. In the lower 

areas below 4'000 m a. s. l., chemical weathering dominates. (SPECK 1983:15) Mount Kenya serves as the 

source of Kenya’s main river systems, the Tana river and the Ewaso Ng’iro river. (DECURTINS 1992:12). 
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3. 3 NRM3 Research Stations 

The NRM3 research sites consisted of a meteorological station (where measurements of rainfall total, rain-

fall intensity, sunshine hours, wind speed and direction, evaporation and atmospheric humidity took pla-

ce), runoff and erosion test plots (see next section) and neutron tube systems. An example of a site layout 

is given in fig 5. 

 

 

Fig. 5: Example of a research site layout: Kalalu (NJERU 1995:32) 

 

The eight research sites included in this study are called Naro Moru Met, Karuri, Embori, Teleswani, Kala-

lu, Matanya, Sirima and Mukogodo and hold the following properties: 
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 Kalalu Matanya Sirima Mukogodo 

Altitude 2’040 m a.s.l. (Liniger et al. 
98) 1'840 m a.s.l. (Liniger 92) 1’820 m a. s. l. (Mainga et al. 

94) 
1’740 m a.s.l. (Liniger et al. 
98) 

Coordinates 0°05’N / 37°1’ E (Kironchi 98) - 0°08’N / 36°6’ E (Njeru 05) - 0°01’ N / 36°8’ E (GIS 
database) 0°23’N / 37°0’E (Kironchi 98) 

Soil Ferric Luvisol (Liniger et al. 
98) 

Vertic Phaeozem (Liniger 
92) 

Heavy Vertic Clay Soil (Verti-
sol) (Liniger et al. 93) 

Chromic Lixisol (Liniger et al. 
1998), Chromo-ferric Lixisol 
(Kironchi 98) 

Mean annual 
Rainfall 650 – 750 mm (Kironchi 98) 300 – 1’100 mm (Njeru 05) 700 – 800 mm (Kironchi 95) 300 – 400 mm (Gichuki et al. 

98b) 

Agroclimatic 
Zone 

IV - Semi-humid to semi-arid 
(Sombroek et al. 80) 

V - Semi-arid (Liniger 1992 
and Njeru 05) 

IV - Semi-arid to semi-humid 
(Liniger et al. 93, Sombroek 
et al. 82) 

V - Semi-arid (Liniger et al. 
93 and Sombroek et al. 80) 

Period of 
data used 1986 - 2002 1997 - 2002 1993 - 1998 1993 - 2000 

Rainfall 
pattern 

Unimodal – l + c (Gichuki et 
al. 98b) 

Bimodal – l + s (Gichuki et 
al. 98b) 

Bimodal – l + s (Liniger et al. 
93) 

Bimodal – l + s (Liniger et al. 
93) 

Vegetation 
Clearing from dry cedar 
montane sclerophyll forest 
(Kironchi 98) 

Open grass land, evergreen 
bushland, Acacia drepano-
lobium (Njeru 05) 

Bushed grassland (Themeda, 
Pennisetum) and bushland ( 
Acacia, Euclea and Carissa) 
(Kironchi 95) 

Acacia bushland, dominant 
are A. etbaica, mellifera and 
tortillis (Kironchi 98) 

Geology Volcanic Phonolites (Liniger 
92) 

Volcanic Phonolites (Liniger 
92) 

Volcanic Phonolites (Liniger 
et al. 93), Basalt (Kironchi 92) 

Metamorphic basement 
(Liniger et al. 93), Gneisses 
(Kironchi 98) 

Slope Uniform 5 % (Kironchi 98) Uniform 4.5 – 5 % (Njeru 05) 5 – 10 % (Liniger et al. 93) 6 – 12 % (Liniger et al. 93) 
5 % average (Kironchi 98) 

Treatments 
Agroforestry; Bare; Controlled 
Grazing; Local; Microcatch-
ment; Mulch; Over Grazing; 
Ridging; Rotational Grazing 

Agroforestry; Bare; Control-
led Grazing; Local; Micro-
catchment; Mulch; Over 
Grazing; Ridging; Rotational 
Grazing 

Bush; Intercrops; Over 
Grazing 

Bare Enclosed; Bare Open; 
Perennial Enclosed; Perenni-
al Open; Runon 

 
Tab. 1: NRM3 research stations north and west of Mount Kenya 

                                                 
8 l – long rains, c – continental rains, s – short rains 
9 Digital Terrain Model 
10 The data was chosen due to its availability and therefore in some cases not all months of a year could be used. The 
exact time periods for all stations can be found in the annexe of this work. 
 
 
 
 

 Naro Moru Met Karuri Embori Teleswani 

Altitude 3’048 m a.s.l. (Utz 03) 2’890 m a.s.l. (Liniger et al. 
98) 2'670 m a.s.l. (Mati 99) Approx. 2’700 m a.s.l. (GIS 

dtm9) 

Coordinates 
- 0°17’ N / 37°2’ E (GIS 
database) 1°05’N / 35° 4’ E (Utz 03) 0°04’N / 37°3’E (GIS databa-

se) 0°1’ N / 37° 2’ E (Utz 03) 

Soil 
Humic Andosols (Liniger et 
al. 98 in Utz 03) and Histosol 
(Njeru 95) 

Mollic Andosol (Liniger et al. 
98) 

Ferric Acrisol (Gichuki et al. 
98b) 

Umbric Andosol or Humic 
Alisol (Mainga & Mbuvi 94) 

Mean annual 
Rainfall 

1’000 – 1’500 mm (Gichuki et 
al. 98) 800 - 900 mm (Kironchi 98) 1’000 – 1’500 mm (Gichuki et 

al. 98) 
1’000 – 1’500 mm (Gichuki et 
al. 98) 

Agroclimatic 
Zone 

II – Humid to semi-humid 
(Gichuki et al. 98a) 

III - Subhumid (Sombroek et 
al. 80) 

II – Humid to semi-humid 
(Gichuki et al. 98a) 

II – Humid to semi-humid 
(Gichuki et al. 98a) 

Period of 
data used10 1995 - 2000 1993 - 2002 1993 - 1998 1993 - 1995 

Rainfall 
pattern6 

Bimodal – l + s8 (Gichuki et 
al. 98b) Bimodal – l + s (Kironchi 98) Bimodal (Gichuki et al. 98b) Bimodal – l + s (Gichuki et al. 

98b) 

Vegetation 
Hagenia-Hypericum, Podo-
carpus, Juniperus, Olea (Utz 
03, Kohler 87) 

Montane Forest with Junipe-
rous, Olea and Podocarpus 
species (Kironchi 98) chan-
ged to crop land 

Forests, change to grass 
land and crop land (Gichuki 
et al. 98a) 

Natural and planted forests, 
change to grass land and 
crop land (Gichuki et al. 98a) 

Geology Igneous rocks (Desaules 86, 
Speck 83) 

Volcanic Trachytes (Kironchi 
98) 

Igneous rocks (Mainga & 
Mbuvi 94, Speck 83) 

Igneous rocks (Mainga & 
Mbuvi 94) 

Slope Forest: 12 %, Grass and 
Bare: 5 % (Mati 99) 

Grass: 11 %, Crops: 13 % 
(Utz 03) Uniform 13 % (Mati 99) Uniform 5 % (Mati 99) 

Treatments Bare; Forest; Grass Typical Grass Typical; Crops (Pota-
toes) 

Deep Tillage; Reduced 
Tillage Forest; Grass Typical 



T h e  S t u d y  A r e a  
 

 22 

3. 4 Climate 
The rain shadow effects of Mount Kenya characterise the climate of the area which is not reached by rain-

bearing monsoon winds. Generally, the climate is cool in combination with dry and cold weather, the an-

nual mean temperature of Nanyuki town (2’947 m a.s.l.) lies at 14.9°C. (FLURY 1987:4) The origin of rain-

fall is predominantly convective, resulting in a high variability in space and time (BERGER 1989:11) and 

drought episodes occur approximately every ten years. (TAITI 1992:2) The stations included in this study 

are situated in different climate zones such as semi-arid, semi-humid and sub-humid, see tab. 1 for details. 

 

Fig. 6: Annual rainfall totals for various years of the stations included in this study 

The annual rainfall total of each NRM3 station is depicted in fig. 6. Naro Moru Met, situated at approxima-

tely 3'000 m a. s. l., clearly shows the highest rainfall amounts whilst Mukogodo in the semi-arid plateau 

experience the lowest rainfall amounts. The years 1996 and 2000 stand out as years with rather low rain-

fall at all stations, while the short rains 1997 (and 1998 until the second half of February) show high rain-

fall totals due to the most severe El Niño event of the past 50 years. On the other hand in 1999/2000 „La 

Niña“, the opposite of El Niño, caused very low rainfall amounts. (ROODE, VAN 2000:57 and MOGAKA ET AL. 

2006:28) A less developed El Niño event than in 1997/98 took place in 2002/03. (WMO 2005:22) 



T h e  S t u d y  A r e a  
 

 23 

A high monthly variation in rainfall is typical for semi-arid regions (fig. 7). „Long rains“ occur from April 

to June and „short rains“ from October to December (LINIGER 1992:486 and BERGER 1989:11) when the 

area is under the influence of the Inner Tropical Convergence Zone (ITC). (FLURY 1987:4) The beginning of 

the rainy seasons vary and comparing dates is of little value. One suggested criterion for the start of the 

rainy season is a total amount of 50 mm or more during 4 days. (FISHER 1977 in: MOORE 1979:155) 

The rainfall pattern in the area is generally bimodal with peaks in April, May, October and November (DE-

SAULES 1986:1) and seven out of eight stations exhibit such a rainfall distribution. Kalalu is the only station 

showing an unimodal pattern, with continental rains in July and August directly following the long rains. 

A trimodal rainfall distribution with long, continental and short rains occurring can be observed further 

north (DECURTINS 1992:15 and FLURY 1987:4) but none of the stations involved in this study are known to 

have such a „three-seasons“ rainfall pattern. Mount Kenya’s altitude causes orographic precipitation when 

humid air masses from the Indian Ocean approach, transported by the north- and south-eastern trade 

winds. (LEIBUNDGUT 1986:16 in: DECURTINS 1992:12 and BERGER 1989:22) The general annual distribution 

of precipitation and evaporation in the area can be found in fig. 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Monthly rainfall average (the time period included varies from station to station, between 1986 and 2003) 
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All stations have two rainfall peaks throughout the year: In April and May at the onset of the long rains 

and in October and November, the beginning of the short rains. The highest total rainfall amount is gene-

rally in November and April or May. An exception is Kalalu, which lies at the edge to a unimodal rainfall 

regimes (long and continental rains) and does not show two annual peaks as clear as the other stations. 

Sirima has a first peak in March and April (data included: 1993 – 1998) and experiences a surprisingly 

high January rainfall total which is possibly due to El Niño events in 92/93, 93/94 and a severe event in 

97/98.  

Karuri, Embori, Kalalu and Mukogodo have high rainfall amounts in June, whilst this amount is clearly 

lower compared to April and May for the other stations. February and September are the months with the 

least rainfall amounts and December (and January) have low rainfall totals at Karuri, Embori and Kalalu 

too. 

In the area north and west of Mount Kenya, the most erosive rainfall events are likely to occur at the be-

ginning of the long rains when the land is not yet covered by (natural or cultivated) vegetation. (LINIGER 

1992:494) This is especially the case for Kalalu, whereas at Matanya, the highest monthly rainfall amounts 

occur in November, when vegetation has already developed. (LINIGER 1992:487) This assumption cor-

responds with the data examined in the present study. 

 

 

 

 

 

 

 

 

Fig. 8: Precipitation and evaporation balance 
around Mount Kenya (LINIGER ET AL. 1998) 

 

3. 5 Vegetation and Land Use 

Vegetation in the study area is depending on available rainfall on the one hand and on a vertical tempera-

ture gradient due to altitude on the other hand. (DECURTINS 1992:13) On the humid mountain slopes, 

(bamboo) forest dominates, the foot zones mainly consist of grass and bush land and dry Acacia bush land 

can be found on the plateau. Predominant land use on the upper mountain slopes are forest reserves, on 

the lower slopes small- and large-scale farming takes place and the plateau serves as ranching and pastoral 

grazing land. (NJERU 1995:25) In the lower mountain zone, Grevillea robusta (Silky Oak) is the most 

common tree since its introduction from Australia at the beginning of the 20th century. (LINIGER ET AL. 

1998:31) 

TAITI (1992:12) found that land use is being transformed. The upland forests are under pressure due to an 

increasing demand for timber or farming land. Grazing land and natural forest are converted into small-

scale farming land. (GICHUKI ET AL. 1998a:6) On the plateau, over grazing results in sheet and gully erosion 

and new grass species (increasers) are prepondering at the expense of common species (e. g. Themeda 
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triandra). Drainage of wetlands is increasingly taking place to generate agricultural areas. The rapid land 

use change is „due to the immigration of people from overpopulated areas who lack the knowledge of ma-

king the most productive and sustainable use of limited resources [e. g. water], having originated from 

high potential land.“ (LINIGER ET AL. 1993:1) After independence, parts of the highlands owned by white 

farmers was acquired by the Kenyan Government or private companies and subdivided into small-scale 

plots. These plots were offered for sale to farmers from nearby areas. A survey showed that 77 % of these 

migrant farmers in Laikipia district had no or little experience in cultivating dry lands. (WIESMANN 1998 

in: NJERU 1995:26) As a result, inappropriate land use led to pressure on water and land resources. (NJERU 

1995:26) Further information on vegetation and land use for each of the research sites can be found in tab. 

1. 

3. 6 Soils of the Area 

Generally, the soils around Mount Kenya and on its slopes have a high content of organic matter in the top 

layer. This organic matter is not only an absorbent of plant nutrients, but also improves the water- and air-

household of a soil and advances the formation of soil structure. Furthermore, the cation exchange capaci-

ty (CEC) increases when the amount of organic matter is increasing, improving nutrient conditions for 

plants. (SPECK 1983:34) However, a decline of organic carbon content in the soil from the mountain slopes 

to the plains occurs. (KIRONCHI 1998:76) In fig. 9, a general overview of the soils of Mount Kenya is given 

and detailed information on the soils of the NRM3 research sites can be found in tab. 2. 

 

 

 

 

 

 

 

 

Fig. 9: Soil distribution according to altitude in East African 
mountain areas. (FREI 1978 in: FREI, PEYER 1991:98 Abb 
118) 
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 Ferric Luvisol (Kalalu) Vertic Phaeozem (Matanya) Vertisol (Sirima) Chromic Lixisol (Mukogodo) 
Texture Fine to very fine (Desaules 

86) intermediate bulk density 
(Kironchi 98) 

Fine to very fine (Desaules 
86) 

Very fine (Desaules 86) Friable, sandy clay (loam in 
top soil), high bulk density, > 
50 % sand (Kironchi 98)  

Clay 
Content 

Accumulation in B horizon, 
max. clay content of 70 % 
(Liniger 1991a) Increases with 
depth (Kironchi 98) 

> 30 % clay, distinct cracks at 
some period of most years 
(Desaules 86) 

> 30 % Montmorillonite clay 
minerals (smectites)  
(Desaules 86) 

21 – 30 % clay (Kironchi et al. 
2000) Clay accumulations in 
lower layers (Liniger et al. 98) 

OM 
Top Soil % 

2.4 % C (Kironchi 98) 
 

High OM amount in top soil 
(3.4 %) (Liniger 91a) 

Black soil, rich in OM (Liniger 
et al. 98) 3 % – 5.5 % OM 
(Mainga et al. 94) 

1.86 % C (Kironchi 98) 
 
 

Structure Well developed, (Liniger 91a) 
moderate, medium subangu-
lar blocky, sticky, hard dry, 
plastic wet (Kironchi 98) 

Shrinking occurs, cracks form 
during dry season (Liniger 
91a) 

Shrinking occurs, hard dry, 
soapy wet (Scheffer & 
Schachtschabel 98) 

Weak to moderate, fine to 
medium subangular blocky 
structure, hard dry; stik-
ky,plastic wet (Kironchi 98) 

Water 
Storage 
Capacity 

Deep water percolation, high 
WSC (Liniger 91) 

High WSC, not washed trough 
(Liniger 91a) 

High (Liniger et al. 98) Low to Medium (Kironchi 98 
and Liniger et al. 98) 
 

Depth and  
Drainage 
 

Deep to very deep, moderate-
ly to well drained (Desaules 
86) 

Moderately deep to deep, 
poorly to moderately well 
drained (Desaules 86) 
 

Moderately deep to deep, 
imperfectly to moderately well 
drained (Desaules 86), > 130 
cm (Kironchi 92) 

Moderately deep, well deve-
loped, well drained, thick 
surface crust (Kironchi 98), > 
124 cm (Kironchi 92) 

Fertility & 
Plant Pro-
duction 

High (Liniger et al. 98) Medium to high, suitable for 
grass land (Liniger et al. 98) 

Marginally suitable for crops 
(Liniger et al. 98) 

Low (Liniger et al. 98) 
 
 

Erodibility Prone to erosion (Liniger et al. 
98) 

Low, even when uncovered 
(Liniger et al. 98) 

n/a Prone to surface crusting, 
gully erosion (Liniger et al. 98) 

Processes Leaching, clay mineral migra-
tion (Hintermeier-Erhard & 
Zech 97) No shrinkage (Lini-
ger et al. 98) 

slicken sides, swelling and 
shrinking (Scheffer & 
Schachtschabel 98) 

Shrinking and Swelling (pelo-
turbation), cracking (Liniger et 
al. 98) 

Pedoturbation in the lower B 
horizon (Kironchi 92)  
 
 

Concreti-
ons 

Iron and manganese concre-
tions from 90 cm (Kironchi 98) 
giving the soil a red colour 
(Liniger 92) 

Lime and iron (below 80 cm) 
(Liniger 91a) 

n/a n/a 

PH pH 5.2 – 6.6 (Kironchi 98) n/a pH 6.6 – 7.3 (Mainga et al. 
94) 

pH 6.5 – 7.6 (Kironchi 98) 
 

Base 
Saturation 

High (Mäckel & Walther 93) 50 % or more (Desaules 86) n/a n/a 

 
Tab. 2: Properties of the dominating soil types at each station

                                                 
11 OM – Organic Matter 

 Humic Andosol (Naro Moru) Mollic Andosol (Karuri) Ferric Acrisol (Embori) Umbric Andosol (Teleswani) 
Texture Contains clay and loam, ashy 

soil (Liniger et al. 98) 
High silt content in top soil, 
loamy. Low bulk density 
(Kironchi 98)  

Sandy – loamy, loamy (Main-
ga et al. 94) 

Friable, loamy (Mainga & 
Mbuvi 94) 

Clay 
Content 

App. 30 % (Mbuvi & Kironchi 
94) 

A horizon: 38 % friable clay 
(Kironchi 98) 

15 % (Mainga et al. 94) Clay 
in B horizon (Liniger et al. 98) 

Contains clay and loam ( 
Mainga & Mbuvi 94) 

OM11 
Top Soil % 

9 % - 12 % OM (Binggeli & 
Ledermann 02) up to 30 % 
humus (Liniger et al. 98) 

Rich in organic matter (6.1 %) 
(Kironchi 1998) 

App. 10 % OM (Mainga et al. 
94) up to 30 % humus, black 
top soil (Liniger et al. 98) 

7.9 – 10.8 % OM ( Mainga & 
Mbuvi 94) 

Structure Loose (Scheffer & Schacht-
schabel 98) 

Granulous, blocky, loose 
aggregates when dry. Good 
pore distribution (Kironchi 98) 

Fine to very fine (Desaules 
86) 

Loose (Scheffer & Schacht-
schabel 98) 
 

Water 
Storage 
Capacity 

High (Liniger et al. 98) High (Kironchi 98) High (Liniger et al. 98) High (Scheffer & Schacht-
schabel 98) 
 

Depth and  
Drainage 

Deep, well developed (Liniger 
et al. 98) 

Very deep, well drained 
(Kironchi 98) 

Deep/very deep, moderately 
to well drained (Desaules 86) 

Very deep, well drained 
(Mainga & Mbuvi 94) 

Fertility & 
Plant Pro-
duction 

Medium, suitable for natural 
forest, limited crop production 
(Liniger et al. 98) 

n/a Fertile (Liniger et al. 98) Middle (Mainga & Mbuvi 94) 

Erodibility Erodible without cover (Liniger 
et al. 98) 

Erodible when cultivated - OM 
decreases and/or bulk density 
increases (Kironchi 98) 

High, very suitable for crop, 
grass and forest land (Liniger 
et al. 98) 

n/a 

Processes Desilication of upper horizons 
(Speck 83) Weathering is 
important (allophane formati-
on) 

Low weathering processes, 
desilication of upper horizons 
(Speck 83)  

Nutrient Leaching (Liniger et 
al. 98) 

Weathering important (Sum-
ner 00) 

Concreti-
ons 

n/a n/a Fe / Mn, rust stains, reddish 
mottles or nodules (Desaules 
86) 

n/a 

PH Moderately acid (Sumner 
2000) pH 5.3 (Mbuvi / Kiron-
chi 94) 

Moderately acid, pH 5.8 – 6.3 
(Kironchi 98) 

Acid (Liniger et al. 98) pH 6.3 
( Mainga & Mbuvi 94) 

Moderately acid, pH 5.8 ( 
Mainga & Mbuvi 94)  

Base 
Saturation 

n/a > 50 % (Strahler & Strahler 
02) 

< 50 % (Hintermeier-Erhard & 
Zech 97) 

< 50 % (Strahler & Strahler 
02) 
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4 .  D A T A  

4. 1 Parameters 

The following parameters were used for this study: 

1. Daily Rainfall [mm] 

2. Rainfall Intensity – I30 [mm/h] 
3. Kinetic Energy [J/m2] 
4. Rainfall Erosivity [J/mh] 

5. Runoff [mm/event] 

6. Soil Loss [t/ha/event] 

7. Ground Cover [%] 

8. Antecedent Soil Moisture [mm] 

 

Daily Rainfall [mm] means the daily amount of rainfall, measured by a manual rain gauge and recorded 

daily at 9 am. (LINIGER 1991b:4) 

Rainfall Intensity – I30 [mm/h] refers to the maximum amount of rain per day – a hydrological day was 

defined from 9.00 am to 9.00 am the following day – during 30 min [mm/h], computed from an automa-

tic recording Hellman rain gauge (fig. 10 and 11). (LINIGER 1991b:10ff) 

Kinetic Energy [J/m2] is obtained from the WISCHMEIER and SMITH equation (HUDSON 1995:81, MORGAN 

2005:47): 

 

! 

Kinetic Energy = Rainfall "11.87 +  8.73log10 I   (1) 

 

Rainfall Erosivity [J/mh] „is defined as the potential ability of rainfall to cause soil erosion“ (HUDSON 1971 

zit. in OSMAN 2001:9) and is determined as the product of kinetic energy and the maximum I30 value 

(HUDSON 1995:81, NOTTER 2004:2) 

 

! 

EI30 =
Kinetic Energy " I30

1000   (2) 

It has to be added that Hellman rainfall recorders are delicate to operate. Daily attendance and maintai-

ning is needed, as wrong readings and failure are produced easily, e. g. by animal interference, blocking of 

the overflow mechanism or malfunction of the clockwork and writing system. (DECURTINS 1992:33) Re-

garding this study, well-trained personnel operated the gauges during the years of data collection and all 

the data used was assessed with the help of daily rainfall data to guarantee the quality of the rainfall inten-

sity data. Further information on error sources of Hellman rain gauges (random and systematic errors) 

can be found in SEVRUK (1981). 
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Fig. 10: Hellman rainfall recorder 
chart (NOTTER 2004) 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Hellman rain gauges (left picture: 
www.th-friedrichs.com) 

 

Runoff [mm/event] was monitored on gently sloped (4.5 - 13 %) test plots 2 m wide and 10 m long. Every 

plot was enclosed by iron sheets and at the lower end of the 20 m2 area a collecting through was installed. 

Through a conveyance pipe, the runoff was directed into a 200 litre oil drum, surrounded by a 1.15 m3 cor-

rugated iron sheets tank (fig. 12 and 13). This tank measured 0.85 m in height and 1.31 m in diameter. 

Both tanks were coated with bitumen paint to avoid rusting. Runoff was recorded at the same time as rain-

fall (9.00 am). (LINIGER 1991b:26ff and KIRONCHI 1998:64) Test plots on slopes of 20 % were established 

later on for mulching and local method. (LINIGER ET AL. 1993:3) Due to limited data availability, this treat-

ments were not included in this study. 
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Fig. 12: Runoff test plot (inner and outer tank) (GICHUKI ET AL. 
1998) 

 

 

 

 

 

Fig. 13: Former runoff collecting trough (open) at Naro Moru 
Met station 

 
Soil Loss [t/ha/event] was calculated based on sludge material which was collected in the tank and oil 

drum described before and then oven dried and weighted. (LINIGER 1991b:26ff) 

Ground Cover [%] was monitored on the runoff test plots using 2 mm strings with knots every 25 cm and 

a pin. The strings were stretched along the plot (at a height of 20 cm from the ground and 50 cm from the 

edge of the plot). At every knot, a metal rod was hold vertically to touch the ground and the observer noted 

whether the pin touched vegetation (plants or litter) or bare ground. The percentage of ground cover C 

could then be calculated by using the formula  

 

! 

C =
n

N "100
 (3) 

 
n is the number of points where vegetation occurred at the observation point and N is the total number of 

such points. (LINIGER 1991b:45ff and KIRONCHI 1998:63)  

Antecedent Soil Moisture [mm] refers to the sum of daily rainfall of five days prior to a rainfall event to 

get an impression of the soil’s moisture content.  

4. 2 Experiment Assessment 

4. 2. 1 Rainfall Erosivity 
Rainfall erosivity was calculated as the product of kinetic energy and the 30 – minutes intensity of a rain-

fall event. According to WISCHMEIER and SMITH (1978 in: ROSEWELL 1986:1695), the equation used to cal-

culate the Kinetic Energy [J/m2] 

! 

 

! 

Kinetic Energy = Rainfall "  11.87 +  8.73log10 I  (4) 
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tends to overestimate rainfall energy at high intensities. If the intensity lies above 76 mm/h, energy is the-

refore assumed to be constant. Of the whole dataset used for this current study, only 15 out of 6’382 cases 

exceeded this rainfall intensity (I30) threshold. The problem of overestimating an event’s energy is there-

fore not concerning this work. 

4. 2. 2 Runoff and Erosion  
Test plot experiments as used in the present study are generally simple, low-cost installations. Neverthe-

less, rather high personal resources are needed to maintain this kind of experiment sites. ZÖBISCH ET AL. 

(1996:231ff) looked at the human error in such experiments by examining the manual sampling accuracy 

of field staff at the Steep Lands Research Station of the University of Nairobi. They found that runoff vo-

lumes were generally underestimated, but within an acceptable range. The reason for this under-

estimation is the fact that some of the runoff water remained in the sludge used for determining the solid 

phase. Soil loss measurement accuracy varied greatly, with an average mean square sampling error of 41.3 

%. The comparison of e. g. different crop management systems on soil loss (as carried out in this study) 

does not necessarily require a great precision and low-tech systems are sufficient. Expensive equipment 

and well-trained staff is needed to accomplish a high accuracy in soil erosion measurements. If (as it is 

usually the case) more than one person is involved in the manual sampling, differences in sampling 

procedures might occur and result in errors. The testing procedures demonstrated the human factor which 

plays an essential role during such runoff and soil loss experiments; the sampling’s quality is depending on 

the individual staff member’s performance. Clear instructions, staff training, acquirement of routine and 

periodical supervising are therefore inevitable to obtain reliable sampling results. 

The size of the test plots in this study was 2 x 10 m. On grass land with low vegetation cover erosion may 

be underestimated as sheet erosion and rill formation would only occur on bigger areas. Due to the longer 

slope of the highland in reality, the flowing surface water would reach higher velocity and energy and hen-

ce detach more soil aggregates and wash away more soil particles. Rill and gully erosion would be trigge-

red as the water forms rivulets. (LINIGER 1986:225) On the other hand, deposition of soil material is not 

accounted for in the test plot experiments, hence erosion of the whole catchment tends to be overestima-

ted through plot experiments. (VISSER ET AL. 2004:712) 

Replica plots were used at some of the stations (Karuri, Embori, Teleswani and Mukogodo) to minimise 

the „variability due to the experimental error caused by uncontrollable variations in the soil, crop, treat-

ment or equipment. [...]“ (HUDSON 1993 in: BOIX-FAYOS 2006:275) To reduce the temporal uncertainty of 

the experiments, the collection period at each station lasted three years and longer (see 9.1). 

4. 3 Scope of Data 

The duration of data collection varies from station to station. Therefore, years and/or months with reliable 

data availability were selected for each station. The exact time periods for each station can be found in the 

annexe of this work (9. 1). 

4. 4 Land Use - Description of Treatments 

If not indicated differently, the slope of the test plots is between 5 and 12 %, details for each station can be 

found in tab. 1. 
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4. 4. 1 Grass Land 
Bare Open has a soil cover of less than 5 % due to intensive livestock grazing. Only annual grasses or 

forbs occur and the soil surface is crusted. Bare Enclosed very much resembles „Bare Open“, but grazing 

of livestock is prevented by a thorn hedge. The upper part of the Runon treatment runoff plot consists of 

bare ground, while the lower end of the plot (2 x 2 m) lies under a bush (Acacia species) canopy. Runoff 

sampling takes place 1 – 2 m away from the bush stem(s). Bare test plots at Kalalu and Matanya were 

ploughed and weeded regularly to avoid a permanent cover. (KIRONCHI 1998:54f) Perennial Enclosed 

treatment plots are covered with perennial grasses such as Cynodon dactylon, Pennisetum stramenium 

and Cenchrus ciliaris and fenced by a natural Acacia hedge to keep away livestock. Therefore, effects of 

livestock grazing such as foraging and trampling do not occur at this site. Perennial Open (fig. 14) is iden-

tical to perennial enclosed but left open to cattle grazing. (KIRONCHI 1998:51 - 55) Over Grazing is the 

common practice among local farmers and refers to „uncontrolled, frequent grazing“. Six to eight sheep 

were allowed to graze the test plots for 7 hours, 3 days a week. Controlled Grazing is carried out at the 

end of each vegetation season. Six to eight sheep are grazed on the fully grown grass for 7 hours a day du-

ring 2 weeks. Rotational Grazing means that cattle is only grazed at the end of the vegetation period (long 

rains). (NDUNGU, personal communication) 

 

 

 

 

 

 

 

Fig. 14: Perennial grass (Pennisetum ssp.) at Mukogodo: Last 
season’s grass (dry) does not disappear and therefore contributes 
to the ground cover. 

 

4. 4. 2 Crop Land 
Local treatment is the conventional (traditional) form of tillage. Last season’s crop residues are first col-

lected and burned, then up to 20 cm of the surface soil is inverted by using a jembe (hoe). This process 

results in medium size clods of 10 – 15 cm diameter. (KIRONCHI 1998:49) Intercropped maize and beans 

are planted. (LINIGER 1992:483) At Sirima, this treatment was called Intercrops. For Deep Tillage treat-

ment which is similar to local treatment, last season’s crop residues are first collected and burned, then up 

to 20 cm of the surface soil is inverted by using a jembe or – as at Embori – a tractor in combination with a 

disc plough. Intercropped maize and beans are planted. (LINIGER 1992:483) Deep tillage is applied to in-

crease the rooting depth and hence the available soil moisture for crops but has not been found to be bene-

ficial for all kinds of crops and soils. (HUDSON, 1987:25) For Microcatchment (at Kalalu and Matanya), a 

trench dug at the end of the test plot simulates a microcatchment. Runoff water is meant to be held back in 

the trench. However, during some high rainfall events, the trench fills up with rain water and spills over, 
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generating runoff and soil loss. (LINIGER, personal communication) When Mulching is applied, tillage 

does not invert the surface soil and 3 t /ha of mulch material (maize crop residue) is spread at planting 

time, covering 40 – 50 % of the ground to prevent erosion. (KIRONCHI 1998:49) Potatoes at Karuri (Sola-

num tuberosum) are planted twice a year at the beginning of every rainy season. A hand foe (forked jem-

be) is used to prepare the land for crop production, this method is called conventional tillage. 15 - 20 cm of 

the topsoil are inverted and the seed is placed in dug furrows 3 – 5 cm under the soil. (KIRONCHI 1998:47) 

Reduced Tillage consists of „scratching“ of the surface soil layer only, the top soil is not turned. (LINIGER 

1992:499) In literature, reduced tillage is often called minimum tillage too. However, this treatment at 

Embori station was not maintained carefully and was generally deeply ploughed by the tractor. For Rid-
ging, the soil is dug (20 – 25 cm deep) first, then 10 cm ridges are prepared and maize and beans are plan-

ted on them. This method is much more labour intensive than local treatment. (LINIGER, 1991:8) Agrofo-
restry (at Kalalu and Matanya) consists of Grevillea trees, minimum 6 years old, planted in 1995 at a spa-

cing of 7.5 m by 5 m (fig. 15). The plots are fenced by a local livefence. (LINIGER ET AL. 1993:3) 

4. 4. 3 Natural Vegetation 
Forest treatment includes mature trees with canopies at 15 to 20 m or higher, surrounded by a thick layer 

(5 – 10 cm) of litter and perennial grasses (fig. 15). The ground cover is close to 100 %. (KIRONCHI 1998:47) 

Bush vegetation can be found at Sirima. The experiment plot lies under bush or small trees’ canopies 1 to 

2 meters from stem crown. (KIRONCHI 1992:50) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15: Natural forest around Naro Moru Met Station (left) and former agroforestry site at Kalalu (right) 
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5 .  M E T H O D S  

5. 1 Data Assessment and Correction 

All data used in this study was assessed and checked with the help of the original (raw) data stored at the 

CETRAD office in Nanyuki. These raw data consist of daily rainfall recording data sheets, Hellman rain 

gauge charts, recording sheets for each runoff and soil loss event and ground cover assessment sheets. 

Rainfall Intensity was checked by comparing the daily rainfall sum-up of the Hellman recorder („Hellman 

sum“) to the daily rainfall data (manual gauge). If they were found to differ clearly, both Hellman charts 

and daily rainfall recording sheets were checked. If a difference occurred, daily rainfall sum was generally 

found to be slightly higher than the Hellman sum. A possible explanation for that is that some rainwater is 

held back by the syphon of the Hellman rain gauge, thus reducing the total amount every time the syphon 

is emptied (which is the case every time when approximately 10 mm of rainfall have been recorded). Ho-

wever, the assumption that the difference between daily rainfall and Hellman sum (after checking and 

correction of the Hellman data) is increasing with the amount of daily rainfall could not be confirmed as 

fig. 16 shows.  

Errors that were found and corrected included reading errors, gauge failures, recording date errors and 

typing errors. Furthermore, many data records had to be newly added to the Microsoft Access database.  

 

 

 
Fig. 16: Difference between simple daily rain measurements and sum of the Hellman rain gauge (y- axis) compared to the amount of 
rainfall (x- axis) 

 
Runoff and Soil Loss data were also evaluated and all events with runoff exceeding 80 % of rainfall were 

checked by consulting the raw data sheets. The main errors in runoff data were again typing errors, recor-

ding date errors or mix-up of the drum and the tank contents (sludge). Additional data were subsequently 

entered into the database. In some few cases, the reason for a runoff rate of > 100 % could not be detected 

and as a result, these particular entries were not used for this study. Ground Cover data contained few 

mistakes (some calculation errors of percentage) but a lot of data was not available in the database at that 
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time and had to be entered. If ground cover was not available for a specific event, cover measurements of 

up to two weeks before or after an event’s date were used as they were assumed to represent the real cover 

conditions at that time sufficiently. 

A first approach was to interpolate data for the missing ground cover cases by using an average of specific 

months or a total average. However, finally the interpolated data was seen as a possible error source or 

falsification and hence only assured ground cover data was used for the analysis including ground cover 

rates. In addition, all cases with high ground cover showing large amounts of runoff and vice versa were 

checked. 

Four of the eight former test sites were visited in the field accompanied by a former assistant of the NRM3 

Project, Joseph Ndungu Ngeru. These visits proved to be very helpful to understand how the test sites used 

to be operated. 

5. 2 Relationship Rainfall – Erosivity and Rainfall – Runoff 

If a statistically significant relationship between daily rainfall total and rainfall erosivity can be establis-

hed, predictions about erosion become possible at sites where no rainfall intensity data is available. (CAL-

LES and KULANDER 1994:121) For all NRM3 stations, a linear and a quadratic fit line for the relationship 

between daily rainfall amount and erosivity and the coefficients of determination were established (using 

SPSS 13.0 for Macintosh) and compared. In SPSS, a fit line with a quadratic slope is computed using a 

constant and the least squares method. 

Daily rainfall was compared to the daily rainfall sum of the Hellman rain gauge (see 5. 1 and annexe 9. 3) 

and events with more than 5 mm difference were excluded. Furthermore, if one of the two rainfall sums 

was zero, these cases were excluded too. Finally, a coefficient of determination (r2) of 0.99 was established 

for the relationship between daily rainfall and daily Hellman rainfall sum.  

The relationship between rainfall and runoff for different treatment classes gives an idea about the in-

fluence of the total rainfall amount on the generation of runoff. The more rainfall reaches the soil, the fa-

ster its pores will be saturated with water which finally leads to runoff (see introduction). A simple linear 

regression analysis between rainfall and runoff was carried out for different treatment classes and ground 

cover rates. 

5. 3 Analysis of Seasonal Runoff and Erosion Amounts 

Runoff and erosion amounts for every rainfall season were evaluated. Years were divided into two meteo-

rological periods: The long rains from March 1st to August 30th and the short rains from September 1st to 

February 28th. Additionally, the total sum of rainfall during a period was used to determine how much of 

the total rain water was lost through runoff each season. 

5. 4 Statistics 

Statistical analyses were performed with SPSS 13.0 for Macintosh. 

5. 4. 1 Simple Linear Regression Analysis 
The relationship between various parameters such as rainfall, erosivity, ground cover, runoff and soil loss 

was determined using simple linear regression analysis (x - y scatter plots). The equations of all performed 

regression analyses can be found in the annexe in section 9. 11. 
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5. 4. 2 Multiple Linear Regression Analysis 
To determine the extent to which the investigated parameters contribute to the variation in runoff, a mul-

tiple linear regression analysis was carried out. Due to collinearity between rainfall daily and erosivity, 

only the latter was used for the regression analysis. Data of all stations was subdivided into four land-use 

categories: Crop land, grass land, natural vegetation and runon. The following parameters were included 

in the multiple linear regression analysis: 

 

Y: Runoff [mm] 

X1: Erosivity [J/mh] 

X2: Ground cover [%] 

X3: Antecedent soil moisture [mm] 

5. 5 General Problems and Challenges 

A general uncertainty is the accuracy of the data, even though the experiments were carried out with grea-

test care by trained personnel. Assessment of the experiments as such can be found in section 4. 2. 

Another challenge in this work was data availability. To carry out an analysis of rainfall, erosivity, cover, 

erosion and runoff, all of these parameters were necessary for every rainfall event included in the study. 

Some data could therefore not be used due to incompleteness, e. g. runoff and erosion data without suita-

ble ground cover information. Other reasons to leave out some months or years were failure of the rain 

gauge or recording gaps.  

The description of the soil properties is relatively general, as data of several years was included and the soil 

properties might have changed throughout time. Furthermore, the detailedness of the available soil infor-

mation varied among the research sites.  

The export and use of SPSS graphs proved to be very difficult and cumbersome, as the available export 

formats did not provide sufficient quality in terms of resolution and readability of the graphics. Finally 

screen shots (in combination with manual adjustment of image quality) of the graphs or conversion into 

PDF format had to be used as a compromise. 
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6 .  R E S U L T S  &  D I S C U S S I O N  

6. 1 The Relationship Between Daily Rainfall Amount and Erosivity  

In this chapter, the relationships between daily rainfall and erosivity (EI30) are examined. Since rainfall 

intensity data is not widely available and requires special infrastructural and personal resources, it would 

be helpful if the dimension of surface runoff and erosion could be estimated by simply using daily rainfall 

amounts. If a statistically significant relationship between daily amount of rainfall and rainfall erosivity 

can be established, predictions about runoff and erosion become possible at sites where no rainfall intensi-

ty, but only daily total amounts are available. (CALLES and KULANDER 1994:121)  

For the NRM3 stations, the most significant coefficients of determination (r2) could be found between rain-

fall and erosivity and rainfall and I30-value respectively. The following linear and quadratic coefficients of 

determination (r2) were established between daily rainfall and erosivity: 

 

Station R
2
 Linear Equation R

2
 Quadratic Equation

Naro Moru Met 0.73 E = - 2.0  + 0.5 * P 0.84 E = - 0.4 + 0.1 * P + 0.01 * P
2

Karuri 0.70 E = - 2.0 + 0.5 * P 0.78 E = - 0.7 + 0.2 * P + 0.01 * P
2

Embori 0.65 E = - 1.8  + 0.5 * P 0.70 E = - 0.7 - 0.2 * P + 0.01 * P
2

Teleswani 0.68 E = - 2.1 + 0.6 * P 0.80 E = 0.2 - 0.07 * P + 0.02 * P
2

Kalalu 0.64 E = - 3.6 + 0.9 * P 0.80 E = - 0.0 - 0.01 * P + 0.02 * P
2

Matanya 0.72 E = - 2.7 + 0.8 * P 0.86 E = - 0.3 + 0.1 * P + 0.02 * P
2

Sirima 0.75 E = - 3.2 + 0.8 * P 0.82 E = - 1.1 + 0.3 * P + 0.01 * P
2

Mukogodo 0.66 E = - 2.6 + 0.7 * P 0.75 E = - 0.2 - 0.1 * P + 0.02 * P
2

All Stations 0.65 E = - 2.8 + 0.7 * P 0.77 E = - 0.4 + 0.1 * P + 0.02 * P
2  

 
Tab. 3: Linear regression analysis for (corrected, see 5. 2) daily rainfall amounts and EI30 values, E – erosivity (EI30); P – daily 
rainfall  
 

The coefficient of determination (r2) for the simple linear regression analysis between daily rainfall and 

erosivity for all stations together is 0.65 (mean 0.69) and the values range from 0.64 to 0.75 (tab. 3). This 

means that up to 75 % of the variation in rainfall erosivity can be explained by the daily amount of rainfall 

alone. A high rainfall event is likely to be more intensive, apart from steady rains („Landregen“) which last 

several hours but do not reach high intensity levels. Since the coefficients of determination and the equati-

ons are similar among the research stations, the overall equations (5 - linear and 6 – quadratic equation) 

can be seen as – locally applicable – approaches to estimate the erosivity of a rainfall event in the study 

area.: 

 

 

! 

Erosivity = "2.8 + 0.7 # Rainfall (5) 

 

 

! 

Erosivity = "0.4 + 0.1# Rainfall +  0.02 #  Rainfall
2                (6) 
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The linear equation (5) suggests that rainfall events ≤ 4.0 mm possess an erosivity value of zero (since a 

negative erosivity makes no sense), therefore not bearing the risk of eroding soil material. ULSAKER and 

ONSTAD (1984:891ff) found in their study in Machakos District, Kenya a slightly higher threshold value of 

10.8 mm. Below this amount of rainfall, erosivity would be negative or zero and no erosion would be ex-

pected. 

Fig. 17 shows the curve estimation graphs for the relationship between daily rainfall and erosivity. Overall, 

it can be said that only very few rainfall events exceed a rainfall erosivity of 50 (not more than 25 cases for 

all stations) and that such a high EI30 value is generally linked to rainfall amounts of 50 mm or more. 

Assuming a quadratic relationship between the two parameters gives higher r2 values for all eight stations 

(tab. 3). In SPSS, a fit line with a quadratic slope is computed using a constant and the least squares me-

thod. The coefficient for Kalalu shows the highest improvement with a change from 0.64 to 0.80. A possi-

ble explanation for the better fitting quadratic equation is the fact that the erosivity index (EI30) is a pro-

duct of rainfall energy and I30 value. Therefore, when both energy and intensity (I30) increase, the mul-

tiplication of the two factors results in a quadratic function between daily rainfall and erosivity to be the 

best fitting. Fig. 18 (right) shows the same figure for all stations together.  

 

 

 
Fig. 17: Curve estimation for the relationship between daily rainfall and erosivity (continuous line – linear function; dotted line – qua-
dratic function) 

 

The improvement of r2 for a quadratic relationship between daily rainfall and erosivity is considerable 

compared to the linear regression analysis as the graph clearly shows. Other authors, e. g. MOORE 

(1979:150) tested the relationship between mean annual rainfall and kinetic energy (KE > 25)7 for linear, 

logarithmic and quadratic equations and found the latter two to fit slightly better, but suggested that the 

linear relationship is sufficient.  

The overall linear regression analysis between rainfall [mm] and kinetic energy [J/m2], which is necessary 

to calculate erosivity (EI30), gave a high r2 value of 0.96 for the present study and fig. 18 shows clearly that 

                                                 
7 KE = 29.8 – 127.5/I where KE = Kinetic energy in J/m2 per mm of rain and I = rainfall intensity in mm/h (STOCKING 
and ELWELL 1976 in: MOORE 1979:150) 
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the relationship between (checked, see 5. 2) rainfall and kinetic energy is linear unlike the one between 

rainfall and erosivity which is rather quadratic for the reasons mentioned before. VAN ROODE (2000:255) 

found in her study in Machakos district, Kenya, a coefficient of determination of 0.99 between rainfall and 

rainfall kinetic energy, ULSAKER and ONSTAD (1984:894) a r2 value of 0.97. 

 

 

 

 

 

 

 

 

 

 

Fig. 18: Relationship between rainfall amount and energy (left) and erosivity (right) for all stations included in this study 

 

CALLES and KULANDER (1994:122ff) aimed to find locally applicable relationships between rainfall amounts 

and rainfall intensity (I30) for Lesotho. Altitude above sea level and total annual precipitation amounts in 

the Lesotho study area are comparable with the present study around Mount Kenya, apart from the rain-

fall pattern in Lesotho where the main rainy season lasts from October to April (southern summer) due to 

the dislocation of the innertropical convergence zone (ITC). For Lesotho, the r2 value for a simple regressi-

on analysis between the total amount of a rainstorm [mm] and the I30 value [mm/h] was found to be 0.62 

which corresponds with the r2 values between daily rainfall and erosivity discovered in this current study.  

Another study carried out in Machakos District (south-east of Nairobi) found a very high coefficient of 

determination (r2) of 0.90 for the relationship between daily rainfall amount and erosivity (EI30). (ULSA-

KER and ONSTAD 1984:891ff) 

6. 2 The Relationship Between Daily Rainfall Amount and Runoff 

The relationship and fit lines between runoff [mm] and rainfall [mm] show clearly that more runoff (com-

pared to the amount of rainfall) is expected when ground cover is low and vice versa (fig 19). If ground 

cover is low, runoff is higher as if good cover exists for the same amount of rainfall. 

Coefficients of determination are medium to high, indicating that the amount of runoff is definitely deter-

mined by the amount of rainfall due to the saturation of the soil (infiltration rates are exceeded) and often 

high rainfall intensity in case of a high rainfall total. However, many events with high rainfall events do not 

generate runoff at all, especially when ground cover is high (e. g mulched land, controlled grazing and 

natural vegetation).  

Grass land shows the highest runoff amounts of the groups included, especially bare (at Mukogodo) and 

over grazed land (at Kalalu and Matanya) contribute to this high runoff rates. The rather steep regression 

fit lines for this group indicate that the amount of runoff generated closely corresponds with daily rainfall. 

Runoff on crop land is very variable, „bare“ (tilled, at Naro Moru Met), „local“ and tilled land experience 
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high runoff rates whilst mulched land and agroforestry hardly have any runoff events at all. Runon plots 

are situated on bare land with a 2 x 2 runon plot at the end of the plot and experiences on average between 

10 and 20 % runoff of rainfall per rainy season. Natural vegetation has very good ground cover rates and 

hardly experiences more than 10 % of runoff per season (see also next section), regardless of the rainfall 

amount, as the flat regression lines indicate. A more detailed analysis and interpretation of the influence of 

ground cover on runoff rates for each station is given in section 6. 6. 

 

 
Grass Land: 0 – 25 %: R2 = 0.72, 26 – 50 %: R2 = 0.54, 51 – 75 %: R2 = 0.38, 76 – 100 %: R2 = 0.25 

Crop Land: 0 – 25 %: R2 = 0.27, 26 – 50 %: R2 = 0.34, 51 – 75 %: R2 = 0.28, 76 – 100 %: R2 = 0.25 

Runon: 0 – 25 %: R2 = 0.70, 26 – 50 %: R2 = 0.12, 51 – 75 %: R2 = 0.55 

Natural Veg.: 0 – 25 %: R2 = 0.08, 26 – 50 %: R2 = 0.25, 51 – 75 %: R2 = 0.06, 76 – 100 %: R2 = 0.22 

Fig. 19: The relationship between daily rainfall [mm] and runoff [mm] 

6. 2. 1 Cut-Off Values for Runoff 
To determine the (theoretically) minimum required amount of rainfall which generates runoff, the so-

called „cut-off values“ were established for different land use classes. The following results were found 

(first column: cover rate, RO – Runoff, bold – cut off value [mm]): 

 
Crop Land 
0 – 25 %: RO [mm] = 1.05 * (Rainfall – 14.7) 
26 – 50 %: RO [mm] = 0.78 * (Rainfall – 14.0) 
51 – 75 %: RO [mm] = 0.58 * (Rainfall – 14.5) 
76 – 100 %: RO [mm] = 0.60 * (Rainfall – 15.3) 
 
Grass Land 
0 – 25 %: RO [mm] = 0.87 * (Rainfall – 5.7) 
26 – 50 %: RO [mm] = 0.88 * (Rainfall – 10.2) 
51 – 75 %: RO [mm] = 0.89 * (Rainfall – 11.8 ) 
76 – 100 %: RO [mm] = 0.80 * (Rainfall – 13.4 ) 

Natural Vegetation 
0 – 25 %: RO [mm] = 0.18 * (Rainfall – 13.7 ) 
26 – 50 %: RO [mm] = 0.16 * (Rainfall – 15.2 ) 
51 – 75 %: RO [mm] = 0.36 * (Rainfall – 17.0) 
76 – 100 %: RO [mm] = 0.58 * (Rainfall – 16.2) 
 
Runon 
0 – 25 %: RO [mm] = 0.89 * (Rainfall – 7.5) 
26 – 50 %: RO [mm] = 1.28 * (Rainfall – 15.9) 
51 – 75 %: RO [mm] = 0.38 * (Rainfall – 10.4) 

 

One would excpect that more rainfall is required to cause runoff when ground cover is high. This assump-

tion can generally be confirmed with the exception of grass land where the cut off values are very similar 

for all cover conditions. However, the increase of the minimum required rainfall amount for higher ground 

cover rates is only marginal in all cases. Furthermore, the scatter of the real values is large as it can be seen 

in fig. 19 and thus the determined cut-off values may only provide a rough estimation of threshold rainfall 

amounts. 
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6. 3 Erosive Storm Events 

6. 3. 1 Required Amount of Rainfall to Cause Erosion 
HUDSON (1965 in: ROSEWELL 1986:1696), MOORE (1979:148) and other authors suggest that rainfall events 

with intensities (I30) of 25 mm/h or more should be considered to be erosive. For the data used in the 

present study, this equals a minimum erosivity index (EI30) of 6. If equation (5) is used to determine the 

required amount of rainfall to produce erosion (EI30 = 6), 12.6 mm of minimum rainfall are needed to 

generate an erosive rainfall event. However, this assumption is theoretical and the scatter of the data is 

large. Even events with less than 12.6 mm can be erosive if e. g. ground cover is nil or very low and the soil 

structure is already disturbed, as for bare and grass land at Mukogodo or (deep) tilled land at Embori (see 

later in this study). On the other hand, rainfall events with much higher amounts of rainfall do not neces-

sarily need to cause erosion when ground cover is intact (e. g. controlled grazing, mulching or agrofore-

stry).  

6. 3. 2 The Frequency of Erosive Rainfall Events 
The average annual number and percentage of rainfall events with I30 ≥ 25 mm/h is depicted in fig. 20. 

The order of the research stations is as usual from high to low altitude above sea level. The number of rain-

fall events generally decreases with altitude, while the percentage of erosive storms increases. This results 

in the interesting fact that all stations experience an almost equal number of erosive rainfall events per 

year, namely between 4 and 7 events. The number of rainfall events per year (average of 3 to 17 years, de-

pending on the data availability per station, see tab. 6 in the annexe) ranges from 165 (Naro Moru Met) to 

50 (Mukogodo). 

 

 

Fig. 20: The average annual number of rainfall events (> 1 mm) and erosive events (I30 ≥ 25 mm/h) 

 

In the study area, between 5.1 % and 8.0 % (average 6.4 %) of all rainfall events reach 30-minutes intensi-

ties higher than 25 mm/h. This means that on average every 15th event possibly causes severe runoff and 

erosion. Although the mountainous stations receive more rainfall throughout the year, they experience 

fewer intensive rainfall events. This means that the region on the plateau, which is used by small-scale 
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farmers for rainfed crop production and pastoralists for livestock husbandry has two disadvantages: Lower 

rainfall totals, in combination with high evaporation rates, can cause water shortage and failure of the 

rain-fed crop production (e. g. maize). Secondly, runoff and soil erosion are a greater risk than on the 

mountain slopes due to a higher number of rainfall events possibly being erosive. Furthermore, ground 

cover of crop and grazing land is generally lower (due to e. g. over grazing as well as water shortage) than 

under natural vegetation at the mountain stations, enhancing the problem of runoff and soil loss on the 

plateau. Section 6. 4 will take a look on the seasonal amounts of runoff and erosion for the various treat-

ments. 

In Lesotho, where the study mentioned in 6.1. examined rainfall intensities, only 2 % of the rainy days 

have I30 values greater than 25 mm/h. According to the suggested limit for erosive rains, this means only 

1.6 erosive events per year. In reality, it is likely that soil erosion occurs more frequently due to the fact 

that rainfall intensities exceed infiltration capacities of the soils on approximately 68 days (grazing land) 

and 7 days (crop land) per year. Therefore it can be said that standard measures of erosivity would undere-

stimate the occurrence of erosive events in Lesotho. (CALLES and KULANDER 1994:128f) If this is also the 

case for the area around Mount Kenya would be subject to further research. 

LINIGER (1992:486ff) analysed the rainfall intensities of Kalalu and Matanya for the years 1986 – 1989. He 

listed the events of a daily rainfall amount > 40 mm or a rainfall erosivity (HUDSON 1981) > 50 and found 9 

events for Kalalu and 8 for Matanya respectively, which means an average of approximately 2 events per 

year. Rainfall intensities at Kalalu proved to be higher than at Matanya. The total number of storms (> 1 

mm rainfall) for this time period is 412 (103 per year) at Kalalu and 403 (101 per year) at Matanya, resul-

ting in a percentage of erosive storms of 2.1 % (Kalalu) and 2.0 % (Matanya). If the threshold of erosive 

storms is set at I30 ≥ 25 mm/h as for the present study, the percentage of such storms is 7.0 % (Kalalu) 

and 10.2 % (Matanya) (NRM3 database) which corresponds with the findings for these two and six stations 

more during longer time periods in the present study.  

MOORE (1979:147) and other authors state that 70 % of erosive rains (defined as I30> 25 mm/day) gene-

rally occur within 30 days of the rainy season’s onset. Vegetation cover for both crop and grass land is low 

at that time and as a result, erosion hazards are magnified in certain areas, e.g. the Kenyan highlands 

which are subject of the present study. Fig. 21 shows the mean monthly soil loss rates for all stations to-

gether, groups are defined in 9. 5 in the annexe. Natural vegetation was not included due to its very low 

soil loss rates. The months of March (crop land only), April (grass land), May (crop land) and September 

(grass land) have the highest mean soil loss rates throughout the year. The assumption stated by MOORE 

and others that the risk of severe erosion is high at the onset of the long rains before a certain ground co-

ver has been accomplished can thus be confirmed for the study area around Mount Kenya. 

Low to very low erosion rates for grass and crop land occur in January, June, July, August, November and 

December. This corresponds with the dry season in the area, with the exception of November. A possible 

explanation is that ground cover rates are generally rather high in November (especially on grass land), 

which helps to decrease soil loss. 
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Fig. 21: Mean monthly soil loss rates for some treatments on crop land (top) and grass land (bottom) 
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6. 4 Seasonal Amounts of Rainfall, Runoff and Erosion 

This chapter intends to give an overview of surface runoff and erosion rates per season in the study area 

without looking at cover conditions as the influence of ground cover on surface runoff and soil loss will be 

examined in the next chapter in detail. Therefore, all available runoff and soil loss events were used for the 

analysis of the seasonal amounts, regardless of the availability of ground cover information. 

The average runoff and soil loss rates can be found in fig. 22 – 24. The maximum amounts indicate the 

highest runoff totals for one season (not per event), e. g. 20 % runoff of rainfall (daily rainfall, not Hellman 

sum) means that during one season, 1/5 of the total rainfall was lost through runoff. The long rains were 

defined from March 1st to August 30th and the short rains from September 1st to February 28th. 

 

6. 4. 1 Crop Land 

Fig. 22: Average and maximum runoff (in % of seasonal rainfall) and soil loss (t/ha/season) during the rainy seasons for crop land 

Bare plots can be found at various stations and experience in general very high amounts of runoff. The 

plots at Kalalu12 Matanya and Naro Moru are crop land, while bare land at Mukogodo clearly belongs to 

grass land (see next section). Bare land is one of the only treatments which experience almost the same 

average runoff rates during the LR13 as during the SR14, as usually the long rains generate more runoff 

(and soil loss). For ploughed bare land, 4 (all at Matanya) out of 23 seasons produced 30 % or more runoff. 

The highest runoff rates took place at Matanya during the LR 02 (39.6 % of rainfall) and the LR 00 and SR 

00/01 (both 35.2 %). The highest soil loss rates (total amount for one season) took place during the LR 96 

at Naro Moru (33.4 t/ha) and at Matanya during the LR 01 (30.9 t/ha). 

                                                 
12 Even though Kalalu has a unimodal rainfall pattern, the analysis of runoff and soil loss amounts were made the 

same way as for the other stations (1.3 – 31.8 and 1.9 – 28.2) for better comparability 
13 long rains 
14 short rains 

% % 

t/ha 
 

t/ha 
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Potato plots can be found at Karuri and do not generate high mean surface runoff but occasionally large 

soil loss amounts. The highest runoff percentage is 11.5 % (LR 01) but only 3 out of 12 seasons exceeded 10 

% runoff of rainfall. However, the largest seasonal erosion rates occurred at Karuri (two plot replica) again 

during the LR 01 (28.2 t/ha and 27.0 t/ha). Since these plots are ploughed to grow crops, one possible 

reason for the occurrence of high erosion amounts lies in the loosening of the soil structure through tillage 

(see deep and reduced tillage too). 

Deep and Reduced Tillage plots at Embori were not always maintained carefully (both were usually 

deeply ploughed) and there is hardly any difference between the two treatments. Thus, the results of the 

reduced tillage plots should be taken very carefully. Both show similar maximum runoff percentages of 

15.0 % and 15.1 % (reduced tillage) and 16.7 % and 17.0 % (deep tillage), all during the LR 94. Deep tillage 

plots show slightly higher maximum erosion rates for the same season (54.7 t/ha and 48.9 t/ha) compared 

to reduced tillage (37.0 t/ha and 20.6 t/ha). The average runoff rates during the LR exceed the ones of the 

SR by approximately three (deep tillage) to five times (reduced tillage), see fig. 22. For average soil loss, 

the difference between the LR and the SR is even greater as the SR experience 1.1 t/ha/season (deep tilla-

ge) and 0.3 t/ha/season (reduced tillage) only, compared to 11.8 t/ha/season and 6.3 t/ha/season during 

the LR. KIRONCHI (1998:109) and other authors have stated that deeper tilled land experiences generally 

more soil loss due to loosened soil aggregates but not necessarily more runoff as the infiltration rate in-

creases when the soil has a rougher surface through ploughing. This assumption can be confirmed – bea-

ring in mind the insufficient plot maintenance – for Embori.  

Local (at Matanya, Kalalu and Sirima) is among the treatments with high runoff and soil loss rates. On 

average, 4 to 5 % of seasonal rainfall are lost as surface runoff and 3.6 t/ha (SR) to 4.8 t/ha (LR) are ero-

ded during one season. The difference between the two rainfall seasons is marginal in terms of runoff and 

soil loss. The highest seasonal runoff rates were observed at Matanya during the LR 88 and 00 (both 20.2 

%) and the SR 88/89 (27.4 %) and 87/88 (27.5 %). Erosion of more than 20 t/ha/season took place at 

Matanya during the SR 87/88 (22.0 t/ha) and at Kalalu during the SR 95/96 (25.0 t/ha), the LR 90 (48.5 

t/ha) and the LR 93 (22.1 t/ha). Although erosion and runoff for this treatment seem not to be extraordi-

nary, it has to be taken into account that „local“ is a traditionally widely applied form of land use in the 

study area. 

Microcatchment treatment should hardly create any surface runoff or erosion due to its main purpose of 

trapping rainfall. However, it can happen that the trench at the end of the test plot fills up with water and 

finally spills over, generating runoff and soil loss. Out of 16 seasons taken into account (at Kalalu and Ma-

tanya), only 2 exceeded 10 % runoff (Kalalu, LR 95 with 11.6 % and LR 97 with 12.6 %). Average runoff and 

erosion rates are very similar among the two rainy seasons, but the maximum rates clearly occur during 

the long rains. 

Ridging plots were maintained at Kalalu and Matanya and show generally low runoff and erosion rates. 

Average runoff rates during the LR are double the ones of the SR and erosion is almost 7 times higher du-

ring the LR. Surface runoff exceeded 10 % of rainfall only twice during the LR 87 (Kalalu) and the LR 90 

(Matanya) and soil loss is usually below 2 t/ha per season. One exception could be observed during the LR 

90 at Matanya, when erosion reached an exceptional high total of 38.3 t/ha.  

Mulching plots at Kalalu and Matanya experience hardly any runoff let alone soil loss. The highest seaso-

nal rates were found at Kalalu during the LR 90 with 8.6 % surface runoff and 13.2 t/ha soil loss. Only 11 
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out of 60 seasons included in this study for both stations Kalalu and Matanya produced runoff at all and in 

9 cases erosion occurred with an average of 0.5 t/ha/season during the LR. The averaged soil loss during 

the SR is close to zero. 

Agroforestry produces very little surface runoff and hardly any soil loss, on average 0.4 – 0.5 % of rain-

fall. Runoff events occur in only 14 seasons out of 60 taken into account for Kalalu and Matanya. The 

amounts of surface runoff and soil loss for agroforestry are very similar to the ones on mulching plots, 

which is due to the fact that agroforestry is generally combined with mulching between the trees. The two 

maximum runoff rates took place during the SR 99/00 (8.5 %) and the SR 00/01 (5.4 %) which is unusual, 

as normally the highest runoff rates were observed during the long rains. The maximum erosion rate is 

neglectable with 1.6 t/ha/season during the LR 86 (Kalalu) and LR 01 (Matanya). 

6. 4. 2 Grass Land 

 
Fig. 23: Average and maximum runoff (in % of seasonal rainfall) and soil loss (t/ha/season) during the rainy seasons for grazing land 

Bare at Mukogodo belongs to grass land as it is not tilled. On enclosed bare plots at Mukogodo, 18 (of 39) 

seasons had more than 30 % runoff. On open bare land, 20 out of 41 season produced one third runoff or 

more. Runoff rates are similar among the SR and the LR whilst soil loss rates are clearly higher during the 

long rains. This is possibly due to the complete lack of ground cover at the onset of the LR. 

The maximum runoff rates at Mukogodo occurred during the LR 95 on bare enclosed (51.5 %) and bare 

open (48.4 %). This means that half of the seasonal rainfall was lost though surface runoff. Maximum ero-

sion took place during the LR 97 with 55.8 t/ha (bare open) and 31.5 t/ha (bare enclosed). 

Perennial Grass plots open and enclosed (fenced) were both established at Mukogodo. The unfenced 

treatments (without protection against grazing livestock) show a considerable higher amount of surface 

runoff and erosion, with maximum runoff rates of 41.6 %, 42.1 % and 42.4 % on three replications of „pe-

rennial open“ treatment during the LR 95. The enclosed treatments on the other hand had maximum ru-

noff rates of 21.1 % and 18.0 %, both during the LR 95. The maximum erosion rates per season are 4.6 t/ha 

% % 
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(LR 94) for perennial enclosed and 27.4 t/ha (LR 97) for perennial open. Generally, the amounts of both 

runoff and soil loss are clearly higher for the LR than for the SR. The runoff and erosion rates of the „open“ 

treatment are similar to the bare plots, due to the lack of protection against cattle grazing. 

Runon plots are basically bare, but the water is supposed to be trapped in 4 m2 bush and grass area. Out of 

42 seasons measured, 21 cases exceeded 10 % runoff with an average of 19.1 % (LR) and 9.5 % (SR). Du-

ring 6 seasons, runoff was 30 % or more with a maximum of 40.7 % (LR 95). Soil loss averaged 3.1 t/ha 

(LR) and 0.9 t/ha (SR) with a maximum of 10.9 t/ha (LR 95). On runon plots, half of the runoff is expec-

ted to be retained, generating approximately 25 % runoff of rainfall. (KIRONCHI 1998:110ff) In principle, 

this could be confirmed in this present study, at least during the LR which experience clearly more runoff 

and erosion than the SR.  

Over Grazing test plots are susceptible to surface runoff and erosion. Out of 70 measured seasons (at 

Kalalu, Matanya and Sirima), 19 show 20 % or more runoff of rainfall. In 9 cases, erosion exceeded 10 

t/ha/season with a maximum of 30.6 t/ha during the LR 93 at Kalalu. The average runoff per season is 12 

- 14 % and soil loss 3 - 4 t/ha, the amounts among the two rainy seasons are similar. LINIGER ET AL. 

(1993:229) found a mean annual soil loss of 7 t/ha per year (for a study period of three years at Kalalu and 

Matanya) which exactly matches the findings of the present study (one year = LR + SR). 

Controlled Grazing plots at Kalalu and Matanya generate on average 2 - 4 % surface runoff only. The 

highest percentages were found during the LR 86 and 93 with 16.5 % and 18.3 % respectively. The largest 

amounts of soil loss were generated during the LR 97 (22.5 t/ha) and during the SR 90/91 (11.3 t/ha), both 

at Kalalu. The average, however, are 1.2 t/ha (LR) 0.8 t/ha (SR) per season only and there is no obvious 

difference between the LR and the SR determinable. 

Rotational Grazing plots experience low surface runoff and erosion rates. The average runoff rate per 

season is 1. 5 % (LR) and 1.8 % (SR) only and soil loss exceeds 1 t/ha in only 3 out of 39 cases with an ave-

rage < 0.5 t/ha per season. 
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6. 4. 3 Natural Vegetation 

 
Fig. 24: Average and maximum runoff (in % of seasonal rainfall) and soil loss (t/ha/season) during the rainy seasons for natural veg. 

Natural Forest plots at Naro Moru Met and Teleswani generate very little surface runoff and are not pro-

ne to erosion at all. Runoff exceeds 2 % of rainfall in only one case (SR 95/96) with 5.4 % for the whole 

season. Soil loss exceeds 1 t/ha only during the LR 95 at Naro Moru Met (1.62 t/ha). 

Grass Typical treatment was established at Karuri, Naro Moru Met and Teleswani (Pennisetum clande-

stinum) and generates neither relevant surface runoff nor soil loss. Runoff rates never exceeded 2 % of 

rainfall per season and soil loss amounts are invariably below 0.10 t/ha/season. 

Bush test plots (at Sirima) experience slightly more runoff and erosion during the LR than during the SR, 

which is unusual (see fig. 24). However, absolute rates of runoff and soil loss are very low with maximum 

values of 14.0 % runoff and 6.4 t/ha (both during the SR 94/95).  

6. 5 Assessment of Runoff and Erosion Amounts 

As section 6. 4 showed, amounts of runoff and erosion vary greatly within the study area. Runoff and ero-

sion under natural vegetation (at the mountainous stations) can be neglected while grass and crop land of 

the farming areas experience considerable water loss through runoff. At Mukogodo, between 20 and 30 % 

of the seasonal runoff is lost through runoff on average but maximum values can there be as high as 50 % 

or 40 % for over grazed land at Kalalu and Matanya. „Local“ treatment experiences up to 30 % runoff too 

(average < 10 %). 

Erosion is not the main problem in the area, soil loss rates lie within an acceptable range or are even low 

for some of the experiment treatments. The highest soil loss rates occur on bare plots, potato and tilled 

land, where on average 10 to 20 t/ha are eroded per season. A review of other studies on runoff and erosi-

on in Kenya and East Africa is given to compare and assess the results. 
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6. 5. 1 Kenya 
VAN ROODE (2000:60ff, 255) statistically analysed runoff and soil loss data (1994 – 1997) of 5 x 28 m crop 

land test plots (slope 8 – 15 %) on a haplic lixisol in Machakos, Kenya. She found an annual (calendar 

year) mean runoff rate of 48 mm (7 % of mean annual rainfall) and 8 t/ha soil loss (predominantly interrill 

erosion). These amounts correspond with the ones for crop land in the present study (see fig. 22). 

BEKELE and THOMAS (1992:439ff) examined runoff and soil loss of mulched 10 m2 sized test plots (average 

slope 16.4 %) on a nitisol at Kabete in southern Kenya. They varied the amount of mulching material and 

found runoff rates between 21.4 % (2.25 t/ha mulch residues) and 26.5 % (no mulching material) of annu-

al rainfall for the year 1988/89. Soil loss was very high compared to the area north and west of Mount 

Kenya, as between 298.8 t/ha (highest mulching class) and 407.2 t/ha (no mulching material) were ero-

ded. This is possibly a result of the clearly steeper test plot slopes. Erosion at Kabete predominantly took 

place during the long rains, which corresponds with the findings of the present study. Residue cover was 

found to be exponentially related to runoff and soil loss and thus the authors concluded that „even low 

rates of residue [maize] are worth retaining as surface cover“. The common problem concerning the avai-

lability of mulch material was addressed too in that study. Potential mulching material is often alternative-

ly used by farmers, e. g. as livestock fodder, bedding, fencing or fuel, see later in section 7. 3. 1. 

SUTHERLAND and BRYAN (1990:98) examined in their study the 1.3 km long semi-arid Katiorin catchment 

in Baringo District, Rift Valley, Kenya. They assessed water discharge and suspended sediment rates to 

estimate runoff and erosion in the area. Runoff coefficients between 14 % and 66 % of rainfall were obser-

ved. High surface runoff was generally associated with large 10-minute rainfall intensities and/or a high 

content of antecedent moisture in the soil. The estimated sediment output for the year 1986 was > 7'300 

t/km2 which equals a denudation rate of 4.9 mm for the total catchment. These soil loss rates accord 6 to 

29 times the acceptable limit of erosion for this area. Reasons for the high soil loss rates are the low 

ground cover rates, the erodibility of the soils (sodic, loamy, clayey soils) and the well-integrated drainage 

network of the (relatively small) catchment. (LAL 1984, in: SUTHERLAND and BRYAN 1990:104)  

6. 5. 2 Ethiopia 
Research in terms of water and soil conservation at the CDE Berne is also focused on Ethiopia where the 

Soil Conservation Research Programme (SCRP) was initiated in 1981. Surface runoff and erosion were 

monitored with the help of steep (slopes of 10% to 50 %) test plots (3 m2, 30 m2 and 180 m2) for six re-

search stations. Measurements took place when rainfall exceeded 12.5 mm or more than 20 cm runoff 

water height was found in the tanks. (SCRP 2000:28) 

The research site of Anjeni, Gojam, showed the highest annual surface runoff and soil loss of the six stati-

ons included in the programme. The mean annual rainfall was 1’690.0 mm, following a unimodal rainfall 

pattern with a peak in July and August. Test plots (30 m2) on cultivated, differently sloped land showed 

mean runoff and soil loss rates of 717.6 mm (42.5 % of rainfall) and 170 t/ha/yr (28 % slope); 828.0 mm 

(49.0 % of rainfall) and 131.4 t/ha/yr (12 % slope); and 533.0 mm (31.5 % of rainfall) and 134.3 t/ha/yr (22 

% slope). On grass land, 492.9 mm runoff (29.2 % of rainfall) and 4.7 t/ha/yr (16 % slope) were observed. 

(SCRP 2000b:37f) Another SCRP research station set up at Andit Tid, Shewa, had a mean annual rainfall 

amount of 1'357.2 mm and the following runoff and soil loss values were generated on cultivated land: 

499.3 mm (36.8 % of rainfall) and 168.7 t/ha/yr (23 % slope); 581.4 mm (42.8 % of rainfall) and 212.4 

t/ha/yr (39 % slope); and 251.9 mm (18.6 % of rainfall) and 86.5 t/ha/yr (48 % slope). On fallow land, 
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runoff was 398.7 mm (29.4 % of rainfall) and soil loss 120.7 t/ha/yr (48 % slope). (SCRP 2000a:41) As the 

slope conditions are considerably steeper than the ones of the present study, higher runoff and soil loss 

rates were expected and observed. Additionally, the fact that the Ethiopian study area lies in a different 

agroclimatic zone than the study area around Mount Kenya has to be accounted for. Total rainfall amounts 

in Ethiopia are higher than on the Mount Kenya footslopes (two to three times the annual amounts of the 

plateau stations) and the general rainfall erosivity can thus be expected to be greater too. However, only 

soil loss rates at the two described Ethiopian research sites are clearly higher, whereas runoff rates are 

comparable to the area north and west of Mount Kenya. For the mountainous stations Naro Moru Met, 

Embori, Karuri and Teleswani annual Ethiopian rainfall amounts are comparable but runoff and erosion 

rates are very low for these stations, not resembling the Ethiopian findings at all. One reason for this is 

that cultivation of the study sites in Ethiopia has started much earlier than in Kenya and degradation of 

the soils has taken place already. The research stations on the slopes of Mount Kenya on the other hand 

have been cultivated since a few decades only, e. g. 20 years at Karuri. Therefore, if these areas will be 

intensively used for agriculture in the future, higher erosion rates are likely to occur if soil degradation 

arises and advances throughout the decades. A second explanation can be found in the soil conditions, 

since the mountainous soils of Mount Kenya have developed on volcanic material and contain high organic 

matter contents. (LINIGER, personal communication) Organic material contributes to the stability of the 

soil aggregates, which in turn hampers soil erosion.  

Another study carried out by MWENDERA ET AL. (1997:421ff) examined the effect of cattle grazing on runoff 

and erosion on different slopes in the Ethiopian highlands from July to September 1995. During this time, 

a total rainfall amount of 330 mm was measured and surface runoff amounts between 37 mm (ungrazed 

pasture, 3 % slope) and 157 mm (heavy grazed pasture, 7 % slope) were obtained. Up to 47.6 % of total 

rainfall were therefore lost as runoff on over grazed land, which corresponds with the „bare“ and „perenni-

al open“ test plots at Mukogodo, where up to approximately 51.5 % of rainfall per rainy season ran off. The 

maximum soil loss amounts in the Ethiopian highlands were registered on the steepest test plot (7 % slo-

pe) with 35 t/ha/yr on heavy grazed land. This again is comparable to annual erosion at Mukogodo, where 

a maximum of 66.8 t/ha/yr (average of 7 years: 22.8 t/ha/year) were eroded. „Over grazed“ and „local“ 

treatments occasionally reach such high annual erosion rates too. 

6. 5. 3 Tanzania 
LUNDGREN (1980:134) carried out a study in a mountainous area in Tanzania (mean annual rainfall 1'230 

mm, bimodal rainfall pattern) and found very low surface runoff (between 0.1 and 1.5 % of rainfall) and 

soil loss rates (max. 0.1 t/ha/year) on highland and intermediate forest test plots and mulched agriculture 

land. These values conform to runoff and soil loss rates on forest test plots at Naro Moru Met and Teles-

wani or mulched land at Kalalu and Matanya where hardly any runoff and erosion were registered. Maxi-

mum runoff and soil loss amounts in the Tanzanian study area occurred in March/April and Septem-

ber/October, while at Naro Moru Met most of the severe runoff events (runoff > 20 %) were found in May, 

August, September and November (analysis not incorporated in the study). This is most likely due to the 

dislocation of the ITC, which reaches Kenya later than Tanzania. 

Another study in Tanzania by CHRISTIANSSON (1986:105) found average annual soil loss rates on bare test 

plots (slope 6.1 %) of 86.7 m3/ha (runoff 48.3 %) compared to crop land (sorghum) with an erosion 

amount of 56.7 m3/ha. This approximately equals 130 t/ha/yr respectively 90 t/ha/yr. 
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6. 6 How are Runoff and Soil Loss Determined by Ground Cover? 

 
Box-Whisker Plots: The lower end of the box indicates the 25 % quantile, the line inside the box the me-

dian and the upper end of the box represents the 75 % quantile. Outliers (o) are cases with values that are 

between 1.5 and 3 box lengths from either end of the box and extremes (*) show values more than 3 box 

lengths from either end of the box. Whiskers at the ends of the box show the distance from the end of the 

box to the largest and smallest observed values that are less than 1.5 box lengths (interquartile range IQR) 

from either end of the box. (SPSS help, version 13 for Macintosh, definition of whiskers based on J. W. 

TUKEY) 

 

6. 6. 1 Overview of all Stations 
 

 

 

 

 

Fig. 25: Box-Whisker plot for the relationship bet-
ween ground cover [%] and runoff for all stations 

 

If all stations are taken into account (fig. 25), it is obvious that runoff (in % of rainfall) decreases as ground 

cover increases and that grass land experiences generally more runoff than crop land. As mentioned before 

in this study, this is possibly due to the ploughing of crop land, increasing the infiltration capacity of the 

soil and as a result decreasing runoff. Furthermore, sealing and especially crusting of the soil surface 

which causes high runoff rates is linked to grass land rather than to crop land (again, as a result of tillage). 

For crop land, the median of runoff [%] decreases from 14.3 % (0 – 10 % cover), 1.8 % (21 – 30 % cover) to 

zero for more than 30 % cover. Grass land has the highest median as expected for 0 – 10 % cover with 32.9 

%, declining to 12.5 % (11 – 20 % cover), 11.9 % (21 – 30 % cover), 4.9 % (31 – 40 % cover), 1.2 % (41 – 50 

% cover) and 0.3 % (51 – 60 % cover). For higher vegetation cover rates, the median is zero. However, 

there are many outliers and extremes with high runoff rates despite high ground cover.  
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Fig. 26: Box-Whisker plot for the relationship bet-
ween ground cover [%] and standardised soil loss 
[t/ha] for all stations 

 

Soil loss is standardised (soil loss per 100 mm rainfall) to enable a comparison among the different cover 

classes. The relationships between cover and erosion are less clear than for runoff, as the median is zero 

for all cover classes apart from the lowest class for grass land (fig. 26). However, a decrease of erosion with 

increasing ground cover is observable. The difference between crop and grass land is not as distinct as for 

the runoff analysis. For further and detailed analysis of the relationship between ground cover, surface 

runoff and soil loss, the next sections take a closer look at every single station. 

6. 6. 2 Naro Moru Met 
 

 

Fig. 27: Box-Whisker plots for ground cover [%] and runoff [%] at Naro Moru Met 

 

In Fig. 27, no clear relationship between ground cover and runoff is visible. Bare soil (ploughed) has ex-

pectedly the highest surface runoff, forest has generally more than 60 % ground cover but experience me-

dium runoff rates at cover between 70 and 80 % and grass typical (natural vegetation) hardly generates 

any runoff at all due to its high and dense vegetation cover. 
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Bare: 0 – 20 mm: R2 = 0.01; 21 – 50 mm: R2 = 0.03, 51 – 100 mm: R2 = 115 (2 values) 

Forest: 0 – 20 mm: R2 = 0.00; 21 – 50 mm: R2 = 0.00; 51 – 100 mm: R2 = 0.90 (3 values) 

Grass Typical: 0 – 20 mm: R2 = 0.01; 21 – 50 mm: R2 = 0.04 51 – 100 mm: Not defined 

Fig. 28: Linear regression analysis between ground cover [%] and runoff [%] at Naro Moru Met 

 

Fig. 28 shows that r2 values for the relationship between ground cover and runoff are not significant at all; 

the highest rainfall class cannot be considered relevant since it contains 8 values only. Ground cover on 

bare plots never exceeds 60 % (which is, however, rather high for a „bare“ plot) and experiences no runoff 

at cover rates of more than 40 %. The soil at Naro Moru Met is a deep, well developed humic andosol with 

a high content of organic matter which is assumed to be erodible without cover. (LINIGER ET AL. 1998:34) 

As for the other mountain stations too, Naro Moru has a deep soil with a high water storage capacity and 

the antecedent soil moisture (ASM) content should hence be determined from the sum of the last 20 days 

rather than the last 5 days. Runoff is more likely to happen when the (top-) soil is wet and closer to water 

saturation. If the infiltration capacity of a soil is exceeded by rainfall, runoff occurs. (CRITCHLEY and SIE-

GERT 1991:chapter 3 (online)) The encircled cases for forest have ASM contents (of the last 20 days) of 72.9 

to 152.3 mm (average 120.2), which is relatively high compared to the mean annual rainfall total of 1'522.9 

mm and hence soil saturation then could have contributed to the generation of surface runoff. A second 

explanation is that the forest test plot was set up on a slope of 12 % while the two other plots have a slope 

of 5 %. Due to the influence of gravity, the soil on a steeper slope is also likely to be more saturated with 

lateral subsurface inflow of water from the hillside („Hangwasser“). While the grass plot is situated on a 

ridge which had been cleared from the forest cover, the forest plot is situated below the ridge on a slope 

towards the Naro Moru river. 

 

 

 

                                                 
15 Coefficients of determination ≥ 0.50 are bold 
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Bare: 0 – 25 %: R2 = 0.50; 26 – 50 %: R2 = 0.38 51 –75 %: Not defined 

Forest: 0 – 25 %: Not defined; 51 – 75 %: R2 = 0.68; 76 – 100 %: R2 = 0.39 

Grass Typical: 51 – 75 %: Not defined; 76 – 100 %: R2 = 0.16 

Fig. 29: Linear regression analysis between erosivity [J/mh] and runoff [mm] at Naro Moru Met 

 

Erosivity explains between 16 % an 68 % of the variation in runoff [mm] (fig. 29). Grass typical experien-

ces hardly any runoff, even at high erosivity due to its permanent cover, favourable andosol properties and 

dense root development under grass land. (LINIGER, personal communication) On bare plots, low cover is 

linked to higher runoff than high cover when erosivity stays the same and the other way around. However, 

runoff on „bare“ ground (which generally has a cover < 15 %, but could reaches up to 50 %) very seldom 

exceeds 20 % of runoff. A possible explanation for these low runoff rates is that this deep andosol has a 

high organic matter content and has only been ploughed for the duration of the experiment (it used to be 

natural grass land). Due to the recent establishment of grass and bare plots, a „carry over“ effect is obser-

vable which means that the soil still maintains its good properties such as good infiltration rates even 

when left bare. The question remains how fast these properties would change after several years of bare 

exposure. Surface runoff rates of other bare plots at Matanya and Kalalu (which were not ploughed but 

had been installed for more years) are clearly higher (see next sections). The encircled case on forest land 

(2.12.95, high ground cover) has a 20-days ASM content of 120.5 mm, hence the soil was wet at that time 

resulting in a reduced infiltration capacity and in combination with high kinetic rainfall energy (not indi-

cated in the graph) surface runoff was generated. 
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Bare: 0 – 25 %: R2 = 0.40; 26 – 50 %: R2 = 0.12 51 – 75 %: Not defined 

Forest: 51 – 75 %: R2 = 0.62; 76 – 100 %: R2 = 0.05 

Grass Typical: 76 – 100 %: R2 = 0.19 

Fig. 30: Linear regression analysis between erosivity [J/mh] and soil loss [t/ha/event] at Naro Moru Met 

 

As indicated in fig. 30, r2 values for the relationship between erosivity and soil loss are highly variable, 

rainfall erosivity explains between 5 % and 62 % of the variation in soil loss amounts per event. Soil loss at 

Naro Moru Met is generally low compared to other NRM3 stations such as Mukogodo or Kalalu (bare 

plots). The regression lines for bare indicate that low ground cover tends to experience more erosion, as 

expected. Hardly any soil is eroded if ground cover exceeds 25 % but LINIGER ET AL. (1998:34) found the 

humic andosol at Naro Moru to be erodible without cover, which can be confirmed here.  

6. 6. 3 Karuri 
 
 

 

 

 

 

 

 

Fig. 31: Box-Whisker plots for ground cover [%] 
and runoff [%] at Karuri 

 

For grass typical treatment, ground cover hardly lies below 70 % and generally low runoff is observable 

(fig. 31). For crop land, there is no decrease of runoff with increasing ground cover detectable. An explana-

tion for this phenomenon is given in the next section. However, runoff events larger than 50 % only occur 

at ground cover rates below 60 %. 
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Grass Typical: 0 – 20 mm: R2 = 0.01, 21 – 50 mm: R2 = 0.01, 51 – 100 mm: R2 = 0.45 (8 values only) 

Potato: 0 – 20 mm: R2 = 0.01, 21 – 50 mm: R2 = 0.00, 51 – 100 mm: R2 = 0.43 (8 values only) 

Fig. 32: Linear regression analysis between ground cover [%] and runoff [%] at Karuri  

 

Coefficients of determination are relatively high for the third rainfall class (51 – 100 mm) which only con-

sists of 8 values and should therefore not be seen as representative (fig. 32). Grass typical has generally 

very good ground cover conditions and very few occasions generate more than 20 % runoff. Crop land 

(potatoes) has high runoff rates throughout all cover conditions and rainfall classes. KIRONCHI (1998:110ff) 

analysed two years of data at Karuri and stated that crop land generally experiences low runoff rates (< 10 

%) due to the establishment of small ridges during seed bed preparation at planting time, increasing infil-

tration rates. This cannot be confirmed in the current study which includes data of ten years. A possible 

explanation for the occurrence of high runoff rates on crop land lies in the planting method for potatoes. 

They were planted on ridges which were constructed at right angle to the slope (to hold back runoff water). 

The space in between the ridges was weeded regularly, leaving the soil there unprotected to the rain which 

caused compaction and sealing of the soil. After a while (as the plants and roots developed), the ridges 

became instable and hence, the protection against runoff did not exist anymore and high runoff was possi-

ble even at high cover rates. (LINIGER, personal communication) Indeed, out of 55 events with > 50 % co-

ver and > 20 % runoff, 25 occurred in May, 8 in June and 12 in July. At that time of the year, the potatoes 

have developed a good ground cover, but weeding has taken place as well, leading to the soil compaction 

around the potato plants. 

For grass typical, one very high runoff value at a ground cover of almost 100 % is eye-catching (encircled, 

16.05.98). Antecedent soil moisture for the last 5 days is not very high for this event (16.7 mm) but as for 

Naro Moru Met station, the mollic andosol at Karuri is a deep, well drained soil which is rich in organic 

matter and and it therefore seems to be adequate to determine ASM by looking at the last 20 days. This 

amount sums up to 187.3 mm which is 16.2 % of the annual rainfall total in 1998. Furthermore, I15 (62.4 

mm/h) and I30 (44.2 mm/h) are high for this day too. However, runoff rates for the second grass plot (two 

replicas of each treatment existed) was 8.6 % only on the same day and for potato 13.0 and 13.9 % of rain-

fall ran off. It has therefore to be assumed that the high runoff event for grass typical could have evolved 

due to a measuring error. For potato land, the cases showing the highest runoff rates (encircled) with co-

ver > 40 % show medium to high ASM for the last 5 days (38.9 to 52.1 mm) but only 58.5 to 79.3 mm for 

the last 20 days. 
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Grass Typical: 0 – 25 %: Not defined; 51 – 75 %: R2 = 0.00, 76 – 100 %: R2 = 0.38 

Potato: 0 – 25 %: R2 = 0.53, 20 – 50 %: R2 = 0.57, 51 – 75 %: R2 = 0.24, 76 – 100 %: R2 = 0.60 

Fig. 33: Linear regression analysis between erosivity [J/mh] and runoff [mm] at Karuri 

 

R2 values of the linear regression for runoff and erosivity (fig. 33) are generally medium to high, with the 

exception of the third cover class (51 – 75 %) for grass typical, but this class contains 13 values only. If this 

class is not considered, erosivity accounts for 24 % to 60 % of the variation in runoff. For crop land, the 

two lower cover classes tend to generate more runoff than the two higher ones, as expected. In KIRONCHI’s 

(1998:91) study at Karuri, he found high initial infiltration rates for crop land, but they gradually decrea-

sed. Tillage opens up the surface but also breaks down the soil’s aggregates and sealing of the immediate 

surface occurs, hence infiltration capacity is reduced in the long run. 

For both treatments, the highest runoff values are related to very good ground cover, a possible explanati-

on for potato land is the collapse of the ridges (see previous section) where the crops had been planted on. 

ASM contents for these events (encircled) are not exceptionally high (16.7 to 20.0 mm) for the last 5 days 

but for the last 20 days, they are 187.3 mm (16.05.98) for grass typical and 102.5 mm (both 24.08.98) for 

intercrops, which represent 16.2 % and 8.9 % respectively of the total rainfall in 1998. Therefore, the soil 

was probably saturated with water which reduces infiltration rates of the rain water into the soil. In com-

bination with medium rainfall intensities (I30) on these dates, which were 44.2 mm/h for grass typical 

and 28.4 mm/h for intercrops, the high runoff rates are plausible. 
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Grass Typical: 0 – 25 %: Not defined; 26 – 50 %: Not defined; 51 – 75 %: R2 = 0.01, 76 – 100 %: R2 = 0.26 

Potato: 0 – 25 %: R2 = 0.61, 20 – 50 %: R2 = 0.49, 51 – 75 %: R2 = 0.34, 76 – 100 %: R2 = 0.23 

Fig. 34: Linear regression analysis between erosivity [J/mh] and soil loss [t/ha/event] at Karuri 

 

R2 values for intercrops are medium (fig. 34), up to 61 % of the variation in soil loss is explained by erosivi-

ty. For intercrops, the lowest cover class is clearly linked to the highest soil loss rates, the second lowest 

class shows slightly less erosion and so on. Nevertheless, soil loss at Karuri is generally low, only few 

events generate more than 6 t/ha of soil loss. 

While grass typical experiences hardly any erosion, potato has soil loss at all cover stages. The structure of 

this mollic andosol is granulous and blocky and this soil seems to be erodible when ploughed due to the 

destruction of the soil aggregates, weakening its structure. 

6. 6. 4 Embori 
 

 

 

 

 

 

 

Fig. 35: Box-Whisker plots for ground cover [%] 
and runoff [%] at Embori 

 

At Embori station, the lowest ground cover class (0 – 10 %) has a median of 45.4 % (deep tillage) and 43.2 

% (reduced tillage) for surface runoff in % of rainfall (fig. 35). The median then decreases for deep tillage 

(11 – 20 %: 18.9, 21 – 30 %: 2.2) and becomes zero from 31 % ground cover. For reduced tillage the medi-

an is 2.3 % for 11 – 20 %, 4.2 % for 21 – 30 % and reaches zero for higher ground cover. However, high 

amounts of runoff can be found for all cover classes, as the outliers prove. This indicates that other para-

meters apart from cover influence the generation of runoff, which will be examined in the next section. 
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Deep Tillage: 0 – 20 mm: R2 = 0.19, 21 – 50 mm: R2= 0.25, 51 – 100 mm: R2 = not defined 

Reduced Tillage: 0 – 20 mm: R2 = 0.21, 21 – 50 mm: R2 = 0.24, 51 – 100 mm: R2 = 1.00 (2 values) 

Fig. 36: Linear regression analysis between ground cover [%] and runoff [%] at Embori 

 

In general, a negative relationship between ground cover and surface runoff is noticeable in fig. 36. Expec-

tedly, runoff decreases with an increase of ground cover and the other way around. Nevertheless, r2 values 

are not very high and ground cover can only explain about one quarter of the variation in runoff. The re-

gression fit lines are close together for the two lower rainfall classes, indicating that more rainfall not ne-

cessarily leads to more runoff at Embori as this is the case for other stations. The rainfall class 51 – 100 

consists of only 4 values, two of each treatment. The ground cover for „deep tillage“ is 90 % in both cases 

and consequently, a linear regression cannot be carried out. 

The two treatments show a very similar graph in terms of runoff rates due to the fact that the treatments 

were not attended carefully and all plots were regularly deeply ploughed by a tractor. Both treatments 

show a few cases (encircled) with little rainfall (< 20 mm), high ground cover (> 60 %) but also high runoff 

rates (40 % to 80 %). Antecedent soil moisture was checked for these cases (not indicated) and 8 of 13 

cases have a rather high ASM content (30 – 60 mm during the last 5 days) which possibly explains the 

high surface runoff as a result of lower infiltration rates. The ferric acrisol at Embori is deep to very deep, 

moderately to well drained and has a high content of organic matter in the top soil. Therefore, the last 5 

days are most likely not very relevant for the moisture regime of the soil which has a high water storage 

capacity (as for Naro Moru and Karuri). Looking at the rainfall amount of last 20 days for the encircled 

cases, it rained between 31.5 and 105.6 mm with and average of 76.1 mm. This is a rather high ASM con-

tent, representing 8.9 % of the mean annual rainfall of 859.7 mm. 
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Deep Tillage: 0 – 25 %: R2 = 0.15, 26 – 50 %: R2 = 0.20, 51 – 75 %: R2 = 0.24, 76 – 100 %: R2 = 0.47 

Reduced Tillage: 0 – 25 %: R2 = 0.13, 26 – 50 %: R2 = 0.18, 51 – 75 %: R2 = 0.40, 76 – 100 %: R2 = 0.06 

Fig. 37: Linear regression analysis between erosivity [J/mh] and runoff [mm] at Embori 

 

R2 values are low (fig. 37) with the exceptions of the highest cover classes (76 – 100 % ground cover) for 

deep tillage (r2 = 0.47) and the second highest class (51 – 75 % cover) for reduced tillage (r2 = 0.40). Ho-

wever, the graph shows clearly that erosivity and runoff amount correlate positively and that the lowest 

cover class tends to have the highest surface runoff rates, as one would expect. The four highest runoff 

values (encircled) for both treatments took place on the same date (22.5.94). Ground cover was low then 

and again, ASM was relatively high (33.8 mm for the last 5 days and 92.6 mm for the last 20 days).  

 

 
Deep Tillage: 0 – 25 %: R2 = 0.20, 26 – 50 %: R2 = 0.15, 51 – 75 %: R2 = 0.08, 76 – 100 %: R2 = 0.24 

Reduced Tillage: 0 – 25 %: R2 = 0.21, 26 – 50 %: R2 = 0.29, 51 – 75 %: R2 = 0.16, 76 – 100 %: R2 = 0.04 

Fig. 38: Linear regression analysis between erosivity [J/mh] and soil loss (t/ha/event) at Embori 

 

R2 values are low and erosivity explains a maximum of 29 % of the variation in soil loss (fig. 38). The lo-

west cover class clearly shows the highest erosion rates. Fit lines of all other cover classes (which generate 

very little soil loss) are close together indicating that cover rates in terms of soil loss amounts become ra-

ther irrelevant once ground cover exceeds 25 %. 
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Deeply ploughed land shows slightly higher erosion values, resulting from loose soil particles on the soil’s 

surface but this assumption should be taken with caution due to the fact that the treatments were not 

maintained carefully (see previous section). Although this ferric acrisol at Embori is basically prone to 

erosion, high cover usually hinders the generation of soil loss. 

6. 6. 5 Teleswani 
 
 

 

 

 

 

 

 

Fig. 39: Box-Whisker plots for ground cover [%] 
and runoff [%] at Teleswani 

 

Very little runoff occurs at Teleswani (fig. 39). Forest land shows slightly higher runoff than grass typical, 

but in general, runoff (and hence soil loss too) at Teleswani can be neglected. 

 

 
Forest: 0 – 20 mm: R2 = 0.00; 21 – 50 mm: R2 = 0.01 

Grass Typical: 0 – 20 mm: R2 = 0.01; 21 – 50 mm: R2 = 0.01 

Fig. 40: Linear regression analysis between ground cover [%] and runoff [%] at Teleswani 

 

R2 values are not significant at all for any of the treatments or rainfall classes (fig. 40). Runoff for forest 

test plots never exceeds 25 % and only few cases experience more than 5 % runoff of rainfall. Grass typical 

has even lower runoff rates (less than 10 %). The umbric andosol at Teleswani is very deep and well drai-

ned. The structure is rather loose and the water storage capacity is high as a result. These soil properties in 

combination with high ground cover rates in general explain the low runoff rates at Teleswani. 
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Forest: 0 – 25 %: R2 = 0.26; 26 – 50 %: R2 = 0.15; 51 – 75 %: R2 = 0.34; 76 – 100 %: R2 = 0.81 

Grass Typical: 26 – 50 %: Not defined; 51 – 75 %: R2 = 0.07; 76 – 100 %: R2 = 0.00 

Fig. 41: Linear regression analysis between erosivity [J/mh] and runoff [mm] at Teleswani 

 

Coefficients of determination for the regression analysis of erosivity and runoff (fig. 41) are medium to 

high for forest, but insignificant for grass typical due to the lack of considerable runoff events. A positive 

relationship between erosivity and runoff is observable. However, absolute runoff rates never exceed 6 

mm for both treatments, which can thus be neglected. 

 

 
Forest: 0 – 25 %: R2 = 0.41; 26 – 50 %: R2 = 0.08; 51 – 75 %: R2 = 0.35; 76 – 100 %: R2 = 0.34 

Grass Typical: 26 – 50 %: Not defined; 51 – 75 %: R2 = 0.03; 76 – 100 %: R2 = 0.00 

Fig. 42: Linear regression analysis between erosivity [J/mh] and soil loss [t/ha/event] at Teleswani 

 

Similar to runoff, the amounts of soil loss at Teleswani are generally inconsiderable (fig. 42). Coefficients 

of determination are medium for forest land and not significant for grass land. The sequence of the fit lines 

for the forest plots is as expected: The less ground cover exists, the more runoff is produced and vice versa. 

As for runoff too, forest experiences more soil loss than grass typical. This is possibly due to the steeper 

slope and splash erosion occurring in the forest where the soil cover is low in between the trees.  
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6. 6. 6 Kalalu 

 

 

 

Fig. 43: Box-Whisker plots for ground cover [%] and runoff [%] at Kalalu 

 

Bare, controlled grazing, local, microcatchment and over grazed test plots show very high runoff rates, 

frequently reaching almost 100 %, even at high ground cover rates. The plots with rotational grazing, mul-

ching, agroforestry and ridging experience low to very low surface runoff (fig. 43). 
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Over Grazing: 0 – 20 mm: R2 = 0.01, 21 – 50 mm: R2 = 0.00, 51 – 100 mm: R2 = 0.01 

Controlled Grazing: 0 – 20 mm: R2 = 0.01, 21 – 50 mm: R2 = 0.09, 51 – 100 mm: R2 = 0.16 

Rotational Grazing: 0 – 20 mm: R2 = 0.00, 21 – 50 mm: R2 = 0.05, 51 – 100 mm: R2 = 0.98 

Local: 0 – 20 mm: R2 = 0.00, 21 – 50 mm: R2 = 0.01, 51 – 100 mm: R2 = 0.00 

Mulching: 0 – 20 mm: Not defined; 21 – 50 mm: R2 = 0.24, 51 – 100 mm: R2 = 0.92 
Agroforestry: 0 – 20 mm: R2 = 0.02, 21 – 50 mm: R2 = 0.01, 51 – 100 mm: R2 = 0.01 

Bare (former MC): 0 – 20 mm: R2 = 0.03, 21 – 50 mm: R2 = 0.17 

Microcatchment: 0 – 20 mm: R2 = 0.01, 21 – 50 mm: R2 = 0.18, 51 – 100 mm: R2 = 0.16 

Ridging: 0 – 20 mm: R2 = 0.00, 21 – 50 mm: R2 = 0.21, 51 – 100 mm: R2 = 0.54 

Fig. 44: Linear regression analysis between ground cover [%] and runoff [%] at Kalalu. MC - Microcatchment 

 

Generally, high daily rainfall amounts accompany high runoff rates as a result of greater intensities and 

the decrease of soil infiltration capacity (fig. 44). The well developed and well drained ferric luvisol at Ka-

lalu tends to the development of surface crusting when the soil is compacted (increased bulk density) by 

rainfall (and cattle) and ground cover is low. If this is the case as for „over grazing“ and partly „controlled 

grazing“ plots, high runoff may even occur at high cover rates, because the soil has not recovered at that 
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time and infiltration rates are still low. It would take clearly more than one vegetation period for good 

infiltration rates to re-establish. 

KIRONCHI (1998:91) found higher infiltration rates for mulch than for local, indicating that mulch material 

softens down the impact of raindrops on the soil and also maintained the soil’s structure, especially the 

macroporosity and thus improving water infiltration. Furthermore, mulching increases soil fauna activity 

which hinders crust formation. (LAL 1975 in: KIRONCHI 1998:93) Microcatchment experiences high surface 

runoff for rainfall events > 20 mm only, when most likely the small trench is filled up with water and spills 

over. The positive correlated fit line for 51 – 100 mm rainfall is because this class consists of three values 

only and hence should be disregarded.  

High runoff rates generally occur when the ASM content (rainfall of the last 5 days) is medium to high due 

to decreasing infiltration capacities of the soil (soil moisture contents are not indicated in the figure). For 

controlled grazing, all events with more than 40 % runoff have a relatively high ASM (19.6 mm – 111.6 

mm). For local, the average ASM for runoff events > 40 % is 38.2 mm (encircled cases: 31.5, 28.3 and 62.4 

mm). For rotational grazing, all cases with more than 20 % runoff are linked to medium to high ASM too 

(21.0 mm to 63.0 mm) and for over grazed land the encircled values have an average ASM content of 36.2 

mm. Coefficients of determination are variable but generally not significant. Ridging does not experience 

very high runoff rates, but LINIGER ET AL. (1993:229) found that evaporation rates for ridging are increa-

sed, possibly leading to water stress for the plants. Thus, mean yields for ridging were only marginally 

higher compared to the local method. (LINIGER 1992:492) found the general evaporation at Kalalu to be 40 

% of the available water (rainfall and soil water). Furthermore, water loss for ridged land might be much 

higher in reality than on test plots due to the small size of the experiment sites. 

NJERU (2005:73) found poor relationships between rainfall and percentage runoff at Kalalu and Matanya 

(for local treatment and mulching). This means that surface runoff is not only determined by the amount 

of rainfall, which can be confirmed in the present study. He suggested that ASM, rainfall intensity and the 

amount of mulching material are other important parameters. 
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Over Grazing: 0 – 25 %: R2 = 0.69, 26 – 50 %: R2 = 0.76, 51 – 75 %: R2 = 0.56, 76 – 100 %: R2 = 0.55 

Cont. Grazing: 0 – 25 %: R2 = 0.97, 26 – 50 %: R2 = 0.01, 51 – 75 %: R2 = 0.61, 76 – 100 %: R2 = 0.47 

Rotational Grazing: 26 – 50 %: Not defined; 51 – 75 %: R2 = 0.56, 76 – 100 %: R2 = 0.19 

Local: 0 – 25 %: R2 = 0.63, 26 – 50 %: R2 = 0.57, 51 – 75 %: R2 = 0.55, 76 – 100 %: R2 = 0.39 

Mulching: 26 – 50 %: R2 = 0.85, 76 – 100 %: R2 = 0.12 

Agroforestry: 26 – 50 %: R2 = 0.73, 51 – 75 %: R2 = 0.94, 76 – 100 %: R2 = 0.26 

Bare (former MC): 0 – 25 %: R2 = 0.15, 26 – 50 %: R2 = 0.79 

Microcatchment: 0 – 25 %: R2 = 0.00, 26 – 50 %: R2 = 0.74, 51 – 75 %: R2 = 0.17, 76 – 100 %: R2 = 0.46 

Ridging: 0 – 25 %: R2 = 0.75, 26 – 50 %: R2 = 0.26, 51 – 75 %: R2 = 0.77 

Fig. 45: Linear regression analysis between erosivity [J/mh] and runoff [mm] at Kalalu 

 

The relationship between erosivity and absolute runoff is positive for all treatments at Kalalu (fig. 45), as 

one would expect. For controlled grazing plots, the three highest runoff values have high ground cover 

rates, which is surprising. A closer look at these cases: 33.0 mm runoff on 27.4.94 are possibly due to high 

ASM rates (50.7 mm in the preceding 5 days) because rainfall intensity was rather low (I30: 27.6 mm/h). 

Almost 64 % runoff of rainfall on 3.5.93 can be explained by high rainfall intensity (I30: 65.8 mm/h and 

I15: 98.8 mm/h) but ASM was low (19.6 mm). The third case, (7.11.90) has an I30 value of 60.6 mm/h and 

an ASM of 30.6 mm and a high kinetic energy due to a total rainfall amount of 81.0 mm. 
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Over grazed land experiences high runoff rates even at low erosivity and/or high ground cover rates. Of the 

5 encircled cases (which are linked to high runoff, high cover and low erosivity), three took place during 

the long rains 1997. Antecedent soil moisture amounts are medium, 20.9 mm to 68.9 mm. On rotationally 

grazed land, the highest absolute runoff event took place on 3.5.93, associated with a high I30 value (65.8 

mm/h). Agroforestry hardly generates any runoff due to its high ground cover, high infiltration rates and 

mulching material in between the Grevillea trees and does not need to be discussed any further. Local has 

a few eye-catching cases (encircled) with medium to high ground cover, low erosivity and between 15 mm 

and 35 mm runoff. Three events (13.5.95, 13.8.95 and 21.4.97) have rainfall intensities (I15) > 70 mm, two 

cases (10.4.97 and 13.11.97) had a high ASM content of > 62 mm and three more cases (1.5.88, 30.5.95 and 

17.12.95) can neither be explained by high erosivity, ASM, intensity or low ground cover. On mulched crop 

land, one rainfall event caused runoff of 66.7 % (39.8 mm) due to high rainfall intensity (> 80 mm/h), 

rather low ground cover (30 %) and a high ASM content of 73.1 mm rainfall during the preceding 5 days. 

„Bare“ crop land is expected to generate high runoff rates, but in absolute measurements, only few cases 

exceed 10 mm of runoff. However, these cases are generally associated with very low rainfall erosivity and 

low to medium ASM. This treatment contains less values than the other, as the plot has not been establis-

hed until the mid-1990s. For microcatchment, the cases with high runoff generation are presumed to be 

due to high rainfall amounts, when excess rain water spilled over the trench. The daily rainfall amounts of 

the encircled cases are indeed > 50 mm. The only high runoff value on „ridging“ treatment (31.3.90) is 

combined with no cover, high intensity (> 80 mm/h) and a very high ASM amount of 73.1 mm. 
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Over Grazing: 0 – 25 %: R2 = 0.84, 26 – 50 %: R2 = 0.40, 51 – 75 %: R2 = 0.24, 76 – 100 %: R2 = 0.18 

Controlled Grazing: 0 – 25 %: R2 = 1.00, 26 – 50 %: Not defined; 51 – 75 %: R2 = 0.65, 76 – 100 %: R2 = 0.05 

Rotational Grazing: 26 – 50 %: Not defined; 51 – 75 %: R2 = 0.63, 76 – 100 %: R2 = 0.03 

Local: 0 – 25 %: R2 = 0.52, 26 – 50 %: R2 = 0.34, 51 – 75 %: R2 = 0.32, 76 – 100 %: R2 = 0.25 

Mulching: 26 – 50 %: R2 = 0.85, 76 – 100 %: R2 = 0.06 

Agroforestry: 51 – 75 %: R2 = 0.33, 76 – 100 %: R2 = 0.04 

Bare (former MC): 0 – 25 %: R2 = 0.37, 26 – 50 %: R2 = 0.81 

Microcatchment: 0 – 25 %: R2 = 0.00, 26 – 50 %: R2 = 0.50, 51 – 75 %: R2 = 0.39, 76 – 100 %: R2 = 0.37 

Ridging: 0 – 25 %: R2 = 0.62, 26 – 50 %: R2 = 0.51, 51 – 75 %: R2 = 0.80 

Fig. 46: Linear regression analysis between erosivity [J/mh] and soil loss [t/ha/event] at Kalalu 

 

In fig. 46, a positive relationship between erosivity and soil loss is observable for all treatments with the 

exception of agroforestry which hardly experiences any erosion. R2 values are variable, medium to high to 

very high with five exceptions which are not significant at all. For controlled grazing, one case with high 

ground cover and low erosivity has a soil loss rate of more than 20 t/ha/event. The antecedent soil moistu-

re for this case (10.04.97) is medium to high with 68.9 mm of rainfall during the last 5 days. Rainfall in-

tensity (I30) for that event was medium, 39.8 mm/h. On the over grazing plot, high soil loss is associated 

with low cover and vice versa. The highest value (23.3 t/ha/event soil loss, 35 % cover) took place on 

3.5.93 (long rains) and had a rather low ASM content of 19.6 mm. Rainfall intensity on the other hand was 
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high with 65.8 mm/h (I30) and 98.8 mm/h (I15). „Local“, the traditionally used treatment, had high soil 

loss events on the 31.3.90, the 3.5.93 and the 17.12.95. The event in December is surprising as the short 

rains usually are over by then and the rainfall event was not very intense (I30: 29.6 mm/h) and ground 

cover very high (80 %). The other two cases are linked to high intensity and low to medium cover conditi-

ons. On mulched crop land, one event only produced soil loss of importance (11.3 t/ha). It took place du-

ring the long rains on 31.3.90. Rainfall intensity was very high then (I30: 83.0 mm) and ground cover was 

30 % only, which is rather low for mulched plots. ASM was high (73.1 mm) causing 2/3 of the rainwater to 

run off. Surprisingly low soil loss rates are observable on bare land, which is affected by surface sealing 

and/or compaction of the soil, what may cause high surface runoff, but generally hinders erosion. A high 

soil loss rate on „ridging“ (31.3.90) is explained by no vegetation cover, high erosivity and ASM (73.1 mm). 

Many high erosion events took place in 1990, which was a year with a high annual rainfall total (fig. 6). 

LINIGER (1991:80) found that the most erosive rainfall events on crop land are to expect at the onset of the 

long rains when the soil is still uncovered by vegetation. This present study confirms this assumption for 

Kalalu. 

6. 6. 7 Matanya 
 

 

 

Fig. 47: Box-Whisker plots for ground cover [%] and runoff [%] at Matanya 

 

„Over Grazing“ and „Local“ are the only treatments at Matanya with considerable runoff rates (fig. 47). 

The median of runoff lies at about 60 % (of rainfall) for over grazed land when ground cover is low (20 - 

30 %). Controlled and rotational grazing have few cases with high to very high runoff, even when ground 

cover is > 50 %. Microcatchment and mulching experience hardly any runoff and on agroforestry land, a 

few events generated surface runoff. 
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Over Grazing: 0 – 20 mm: R2 = 0.05, 21 – 50 mm: R2 = 0.14 

Controlled Grazing: 0 – 20 mm: R2 = 0.00, 21 – 50 mm: R2 = 0.03 

Rotational Grazing: 0 – 20 mm: R2 = 0.00, 21 – 50 mm: R2 = 0.00 

Local: 0 – 20 mm: R2 = 0.01, 21 – 50 mm: R2 = 0.07; 51 – 100 mm: Not defined 

Microcatchment: 21 – 50 mm: R2 = 0.47 

Mulching: 21 – 50 mm: R2 = 0.00 

Agroforestry: 0 – 20 mm: R2 = 0.07, 21 – 50 mm: R2 = 0.08 

Fig. 48: Linear regression analysis between ground cover [%] and runoff [%] at Matanya 

 

R2 values (coefficients of determination) of the regression analysis for ground cover and runoff are not 

significant at all (fig. 48). However, the middle and the highest rainfall class generally tend to have more 

runoff, as expected. 

Controlled grazing has four cases (encircled) with medium to high runoff (30 - 75 %). These events happe-

ned in November 2000 and in January and March 2001. Rainfall intensity (I30) for all cases was medium, 

not exceeding 50 mm/h. Antecedent soil moisture values (not indicated in the chart) are low to medium 

for all four cases. The four highest runoff events (< 45 % of rainfall) on rotationally grazed land (encircled) 

are almost the same events as mentioned before for controlled grazing. (9.11.00, 10.11.00, 18.3.01 and 

11.10.01). ASM contents for these cases were low to medium and I30 values were below 50 mm/h. There-

fore, the reasons for these high runoff events are not entirely clear but the most plausible explanation is 

the rather low ground cover rates at these events. 

Local and over grazed land have high runoff rates even during small rainfall events. For local treatment, 

the majority of events with more than 20 % runoff (encircled) have variable ASM contents. The two events 

with little rainfall (+) have ASM contents of 35.7 and 38.6 mm, the others have contents < 20 mm. Thus, 

when ASM is high, runoff can be generated during small rainfall events because the soil is saturated with 

water and fails to absorb even small rainfall amounts. Over grazed land has – similarly to Kalalu – many 

events with high runoff when ground cover is high. A possible explanation is a compaction of the fine tex-
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tured vertic phaeozem due to temporarily bare conditions during the dry seasons leading to compaction 

and sealing of the soil. This compaction process which decreases the infiltration capacity may be  accelera-

ted through cattle trampling too. Even if ground cover periodically increases during the rainy seasons the 

soil remains compacted with low infiltration rates. Good cover conditions would have to continue for a 

longer period than a few weeks per season until the soil structure would improve. 

The soil contains a high amount of clay and develops cracks in the subsoil during the dry season. When 

ASM is high, the vertic properties of the soil trigger swelling and high runoff rates occur even at low rain-

fall events. The vertic phaeozem is basically suitable for grazing land and if the land is not over grazed, 

only little runoff occurs (as for rotational and controlled grazing). The highest runoff cases for agroforestry 

correspond with low ASM and the runoff generation is possibly due to the lack of (mulch) cover in between 

the trees. CHRISTIANSSON (1986:99) concluded from his study on erosion in central Tanzania that „where 

dense vegetation covers the ground, erosion is not a serious problem under the climatic conditions that 

prevail in the dry savannah areas of East Africa. Bush or tree vegetation without a continuous field layer 

offers only limited protection“.  

On the microcatchment test plot, one event (April 2000) generated 70.1 % runoff of rainfall due to low 

ground cover since ASM and rainfall intensity were low on that day. Mulched land did not experience ru-

noff of importance during the examined time period at Matanya. Generally, the evaporation of the availa-

ble water at Matanya was found to be 60 %, which indicates a possible water shortage problem, further 

aggravated through high runoff rates for some land treatments. (LINIGER 1992:492) 
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Over Grazing: 0 – 25 %: Not defined, 26 – 50 %: R2 = 0.87, 51 – 75 %: R2 = 0.58, 76 – 100 %: R2 = 0.71 
Controlled Grazing: 26 – 50 %: R2 = 0.97, 51 – 75 %: R2 = 0.35, 76 – 100 %: R2 = 0.54 

Rotational Grazing: 26 – 50 %: R2 = 0.60, 51 – 75 %: R2 = 0.20, 76 – 100 %: R2 = 0.37 

Local: 0 – 25 %: R2 = 0.70, 26 – 50 %: R2 = 0.57, 51 – 75 %: R2 = 0.50 

Microcatchment: 0 – 25 %: Not defined; 76 – 100 %: Not defined 

Mulching: 0 – 25 %: Not defined; 26 – 50 %: R2 = 0.72, 76 – 100 %: R2 = 0.27 

Agroforestry: 26 – 50 %: R2 = 0.87, 51 – 75 %: R2 = 0.41, 76 – 100 %: R2 = 0.53 

Fig. 49: Linear regression analysis between erosivity [J/mh] and runoff [mm] at Matanya 

 

Coefficients of determination are generally high to very high, suggesting a clear relationship between the 

erosivity of a rainfall event and the absolute runoff amounts occurring (fig. 49). On controlled grazing 

plots, the highest runoff events are associated with high cover (> 50 %). These events took place in No-

vember 2000 and January and March 2001 and were neither of a great intensity nor had a high ASM (see 

previous section). Over grazed land experiences high runoff rates and erosivity is highly correlated with 

absolute runoff for the three highest cover classes. (The lowest class includes only one case and is therefore 

not relevant). Runoff on rotationally grazed plots is marginal due to good ground cover. On 30.11.99, a 

runoff of 65.5 % of rainfall was measured on agroforestry treatment. This case is linked to medium rainfall 

intensity (I30: 53.8 mm/h), 70 % ground cover and low ASM. As Matanya has its rainfall maximum in 

November, the imperfectly drained vertic phaeozem might have been saturated with water around this 

time of the year, enabling high runoff rates even at good vegetation cover rates. For local treatment, erosi-

vity explains between 50 and 70 % of the variation in runoff and the highest values are associated with 

medium I30 values (< 50 mm/h) and low ASM contents. Despite the medium to high cover rates (47 – 70 

%) for these cases, high runoff rates are common for local treatment, due to the destruction of soil aggre-

gates through tillage, leading to siltation (sealing of the surface and clogging of the soil’s macropores) of 

the soil. Furthermore, the vertic phaeozem at Matanya tends to swell in lower soil layers during the rainy 
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season, which reduces the infiltration capacity. Microcatchment and mulching are not prone to runoff at 

all due to high ground cover rates (mulching) and the collection trench (microcatchment) respectively. 

 

 

 

 
Over Grazing: 0 – 25 %: Not defined; 26 – 50 %: R2 = 0.43, 51 – 75 %: R2 = 0.10, 76 – 100 %: R2 = 0.60 
Controlled Grazing: 26 – 50 %: R2 = 0.69, 51 – 75 %: R2 = 0.09, 76 – 100 %: R2 = 0.34 

Rotational Grazing: 26 – 50 %: R2 = 0.59, 51 – 75 %: R2 = 0.03, 76 – 100 %: R2 = 0.02 

Local: 0 – 25 %: R2 = 0.27, 26 – 50 %: R2 = 0.23, 51 – 75 %: R2 = 0.48; 76 – 100 %: Not defined 

Microcatchment: 0 – 25 %: Not defined, 76 – 100 %: Not defined 

Mulching: 0 – 25 %: Not defined; 26 – 50 %: R2 = 0.72, 76 – 100 %: R2 = 0.22 

Agroforestry: 26 – 50 %: R2 = 0.82, 51 – 75 %: R2 = 0.37, 76 – 100 %: R2 = 0.51 

Fig. 50: Linear regression analysis between erosivity [J/mh] and soil loss [t/ha/event] at Matanya 

 

Coefficients of determination are generally medium to high with a few exceptions and erosivity explains up 

to 82 % of the variation in soil loss (fig. 50). The vertic phaeozem of Matanya station is according to LINI-

GER ET AL (1998:34) not prone to erosion, even when uncovered. The experiments confirm this, erosion 

rates are generally low and rarely exceed 2 t/ha/event. The highest soil loss event for controlled grazed 

land (5 t/ha) took place in November 2000, when more than 50 % of rainfall ran off. A similar soil loss 

rate on rotationally grazed land happened on the same day. ASM and rainfall intensity were both low at 

that time. Local treatment experienced up to 10 t/ha/event during the study period, even at low ASM le-

vels.  
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6. 6. 8 Sirima 

 

Fig. 51: Box-Whisker plots for ground cover [%] and runoff [%] at Sirima 

 

As it can be seen in the box-whisker plots (fig. 51), vegetation cover does not seem to have a large influence 

on the generation of runoff. The median values are generally slightly higher when ground cover is below 

50 % and reaches zero when cover exceeds this value but high amounts of runoff can be observed for all 

cover conditions, an explanation for that is given in the following section. 

 

 
Bush: 0 – 20 mm: R2 = 0.01; 21 – 50 mm: R2 = 0.13; 51 – 100 mm: R2 = 0.29 

Intercrops: 0 – 20 mm: R2 = 0.04; 21 – 50 mm: R2 0.13; 51 – 100 mm: R2 = 0.05 

Over Grazing: 0 – 20 mm: R2 = 0.00; 21 – 50 mm: R2= 0.00; 51 – 100 mm: R2 = 0.71 

Fig. 52: Linear regression analysis between ground cover [%] and runoff [%] at Sirima 

 

Although the coefficients of determination are not significant for any of the treatments apart from over 

grazing (51 – 100 mm rainfall, r2 = 0.71), the positive relationship between ground cover and runoff is eye-

catching (fig. 52). A possible explanation for this phenomenon are the properties of the soil at Sirima. This 

soil, a vertisol, contains clay minerals (smectites) which are prone to swelling and shrinking. If vegetation 

cover is high and the soil contains a certain amount of moisture, it is likely that in case of a large rainfall 

event the clay minerals swell and the soil seals completely - high surface runoff is generated. Extreme ru-

noff rates are linked to high daily rainfall rates and medium to high ASM contents (not indicated in fig. 

52). On the other hand, when ground cover is low at the end of the dry season, cracks develop on the soil 

surface and more rain water can infiltrate into the vertisol. 
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Bush: 26 – 50 %: R2 = 0.53; 51 – 75 %: R2 = 0.06; 76 – 100 %: R2 = 0.40 

Intercrops: 0 – 25 %: R2 = 0.69; 26 – 50 %: R2 = 0.59; 51 – 75 %: R2 = 0.16; 76 – 100 %: R2 = 0.24 

Over Grazing: 0 – 25 %: R2 = 0.04; 26 – 50 %: R2 = 0.46; 51 – 75 %: R2 = 0.16; 76 – 100 %: R2 = 0.02 

Fig. 53: Linear regression analysis between erosivity [J/mh] and runoff [%] at Sirima 

 

Coefficients of determination of the regression analysis in fig. 53 are partially significant and erosivity 

explains up to 69 % of the variation in runoff [mm]. Again, the highest runoff producing events show a 

good to very good ground cover. The explanation for that was given before.  

 

 
Bush: 26 – 50 %: R2 = 0.60; 51 – 75 %: R2 = 0.12; 76 – 100 %: R2 = 0.25 

Intercrops: 0 – 25 %: R2 = 0.46; 26 – 50 %: R2 = 0.58; 51 – 75 %: R2 = 0.86; 76 – 100 %: R2 = 0.21 

Over Grazing: 0 – 25 %: R2 = 0.07; 26 – 50 %: R2 = 0.36; 51 – 75 %: R2 = 0.14; 76 – 100 %: R2 = 0.00 

Fig. 54: Linear regression analysis between erosivity [J/mh] and soil loss [t/ha/event] at Sirima 

 

Coefficients of determination are low to medium, erosivity explains up to 86 % of the variation in soil loss 

(fig. 54). Erosion at Sirima is generally low, soil loss hardly exceeds 4 t/ha/event. Three out of four events 

with more than 3 t/ha of erosion took place on the same day in November 94, the other event in April 97. 

All cases show a medium rainfall intensity and low ASM contents.  
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6. 6. 9 Mukogodo 
 

 

 

Fig. 55: Box-Whisker plots for ground cover [%] and runoff [%] at Mukogodo 

 

Bare open, bare enclosed and perennial open show a similar runoff pattern, they all experience very high 

surface runoff (fig. 55). Perennial enclosed, which can develop a permanent grass cover, has much lower 

runoff rates. Grasses root deeply, bringing nutrients and water to the surface. (BOONMAN 1993 in: LINIGER 

ET AL. 1993:231) The test plots with attached runon areas generate slightly less runoff because part of the 

flowing water is retarded by the area covered with vegetation and thus infiltrates into the soil. KIRONCHI 

(1998:110ff) found for bare land at Mukogodo an average runoff rate of around 50 % and for runon half of 

it, 25 %. In general, this assumption can be confirmed in this study. 

In Mukogodo, only pasture management is practised due to the low fertility of the soil. Organic carbon 

contents are low due to high decomposition, the lack of plant material as a result of over grazing and the 

domination of Acacia bushes which produce low foliage biomass. (KIRONCHI 1998:76)  
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Bare Enclosed: 0 – 20 mm: R2 = 0.15; 21 – 50 mm: R2 = 0.16 

Bare Open: 0 – 20 mm: R2 = 0.09; 21 – 50 mm: R2 = 0.29 

Perennial Open: 0 – 20 mm: R2 = 0.04; 21 – 50 mm: R2 = 0.11 

Perennial Enclosed: 0 – 20 mm: R2 = 0.01; 21 – 50 mm: R2 = 0.19 

Runon: 0 – 20 mm: R2 = 0.09; 21 – 50 mm: R2 = 0.30 

Fig. 56: Linear regression analysis for ground cover [%] and runoff [%] at Mukogodo 

 

The relationship between ground cover and runoff (fig. 56) is negative for all treatments but r2 values are 

not significant. Perennial enclosed and runon treatments have very few runoff events when ground cover 

exceeds 60 %, while both bare treatments and perennial open still generate high runoff rates at good cover 

conditions. Possible explanations for this are surface crusting and compaction of the soil through cattle, 

similarly to grass land at Kalalu. Enclosed bare plots did not change the cover and crust conditions since 

being fenced (the experiment period was 8 years), which explains the similarity to „bare open“ treatment. 

As expected the higher rainfall class (21 – 50 mm) contributes more to runoff than the lower rainfall class. 

When the daily rainfall amount is higher, rainfall intensity is generally larger and infiltration capacity of 

the crusted chromic lixisol at Mukogodo is exceeded, resulting in surface runoff. Furthermore, KIRONCHI 

(1992:131) found low initial infiltration rates at Mukogodo, most likely due to the crusted soil. KIRONCHI ET 

AL. (2000:5) discovered that infiltration rates of grass and bush cover sites at Mukogodo exceeded the 

ones for bare ground by three or four times. The hard thin lixisol at Mukogodo on gneiss parent material is 

not suitable for crop production (compared to the soils of volcanic origin at the other sites) due to its lower 

fertility and water storage capacity (friable sandy clay structure) and is therefore used as grazing land by 

pastoralists, e. g. Maasai people. The area became Maasai reservate during the 1930s, when most of the 

„good“ and fertile rangeland in Laikipia was annexed by white settlers. (DECURTINS 1992:2) Additionally, 

the climate of the Mukogodo area is unfavourable for rain-fed agriculture as a result of low annual rainfall 

rates (fig. 6). KIRONCHI (1998:117ff) found in his study (including 2 years of data) that there is hardly any 

runoff if ground cover exceeds 40 % at Mukogodo, which can be confirmed in this current study. Overall, 
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1’173 of 2’134 rainfall events produced runoff (all treatments included). Out of these cases, only 138 have a 

ground cover rate of 40 % or more (11.8 %). If only runoff events with more than 20 % runoff of rainfall (if 

runoff is not considered severe below this rate) are taken into account, the percentage of cases with 40 % 

cover or more drops to 6.6 %. The threshold of runoff lies at about 75 % cover for the lower rainfall class (0 

– 20 mm), similar to what KIRONCHI (1998:117) described. For rainfall amounts of more than 20 mm, ru-

noff can reach almost 100 % of rainfall. At high rainfall amounts, other parameters such as rainfall intensi-

ty, erosivity or ASM may be predominating over ground cover in generating runoff. At Mukogodo, the last 

5 days are representative for ASM, as rainfall is low and the rain water is stored in the shallow soils for a 

short time period only before it dries up again. ASM contents hardly exceed 30 mm as a result of the regi-

on’s semi-arid to arid climate conditions. KIRONCHI ET AL. (2000:6) found bare ground to have higher top 

soil bulk densities (> 1.50 g/cm3) which is explained by the low content of silt in the soil, making it suscep-

tible to compaction. The organic carbon content for bare soil is 4 and 2 times lower than for bush and 

grass sites respectively. 

 

 

 
Bare Enclosed: 0 – 25 %: R2 = 0.80; 26 – 50 %: R2 = 0.67; 51 – 75 %: R2 = 0.38; 76 – 100 %: R2 = 0.94 

Bare Open: 0 – 25 %: R2 = 0.76; 26 – 50 %: R2 = 0.63; 51 – 75 %: R2 = 0.41; 76 – 100 %: R2 = 0.00 

Perennial Open: 0 – 25 %: R2 = 0.72; 26 – 50 %: R2 = 0.73; 51 – 75 %: R2 = 0.66; 76 – 100 %: R2 = 0.40 

Perennial Enc.: 0 – 25 %: R2 = 0.80; 26 – 50 %: R2 = 0.37; 51 – 75 %: R2 = 0.15; 76 – 100 %: R2 = 0.01 

Runon: 0 – 25 %: R2 = 0.79; 26 – 50 %: R2 = 0.26; 51 – 75 %: R2 = 0.88; 76 – 100 %: Not defined 

Fig. 57: Linear regression analysis between erosivity [J/mh] and runoff [mm] at Mukogodo 

 

The coefficients of determination (r2) for the relationship between erosivity and runoff are (highly) signifi-

cant for most cases (fig. 57). The ones which are not significant are for high cover, where only few values 

are available. This indicates that runoff is closely linked to erosivity (and rainfall intensity). The main rea-

son for that are low infiltration rates due to surface crusting and when intensity is high, almost all rainfall 
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water runs off. Surface crusting is a result and a cause of low ground cover rates due to over grazing by 

cattle. KIRONCHI (1998:113) found no decrease of runoff on bare plots even after the plots were protected 

from cattle grazing for six growing seasons. This indicates that the soil cannot recover by just being resting 

alone. The reason for that is according to LINIGER and THOMAS (1998:1172) that restoration of cover may 

take a very long time on completely bare land due to erosion of the fertile top soil. The illuvial B horizon 

has a higher clay content than the A horizon which causes surface sealing and reduces infiltration into the 

soil. Resting alone is therefore only recommended on a fertile, deep, not heavily eroded soil which is still 

covered by some perennial grasses.  

 

 

 
Bare Enclosed: 0 – 25 %: R2 = 0.28; 26 – 50 %: R2 = 0.22; 51 – 75 %: R2 = 0.02; 76 – 100 %: R2 = 0.21 

Bare Open: 0 – 25 %: R2 = 0.13; 26 – 50 %: R2 = 0.02; 51 – 75 %: R2 = 0.27; 76 – 100 %: R2 = 0.01 

Perennial Open: 0 – 25 %: R2 = 0.55; 26 – 50 %: R2 = 0.10; 51 – 75 %: R2 = 0.72; 76 – 100 %: R2 = 0.29 

Perennial Enclosed: 0 – 25 %: R2 = 0.53; 26 – 50 %: R2 = 0.22; 51 – 75 %: R2 = 0.00 

Runon: 0 – 25 %: R2 = 0.35; 26 – 50 %: R2 = 0.03; 51 – 75 %: R2 = 0.82 

Fig. 58: Linear regression analysis between erosivity [J/mh] and soil loss [t/ha/event] at Mukogodo 

 

R2 values of the regression analysis in fig. 58 are very variable, from very low to high. Soil loss exceeds 10 

t/ha for only 5 events. Nevertheless, e. g. bare treatments can produce high annual soil loss rates, up to 67 

t/ha (1997). Mukogodo shows the highest erosion rates of all stations included in this study. Although the 

soil is heavily crusted, which often hampers erosion, runoff rates are extremely high, which can cause rills 

and gullies to develop in the lower parts of the slopes. Due to the length (10 m) of the test plots, rill forma-

tion happens very rarely and only during extreme rainfall events and gullies obviously cannot form at all at 

this size of plots. 
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6. 7 The Influence of Other Parameters – Multiple Linear Regression Analysis 

6. 7. 1 Variables Included in the Regression Analysis 
Multiple regression analysis is a widely used statistical application and serves various purposes. One is to 

find a mean to predict processes by establishing linear relationships between several parameters, another 

purpose is to „draw conclusions about individual predictor variables“. (MASON and PERREAULT 1991:268) 

Multiple linear regression analysis was carried out for runoff [mm] of the research stations included in this 

study. The complete data of all stations was sub-divided into five land-use categories: Crop land (including 

„bare“ plot data at Naro Moru Met, Matanya and Kalalu due to tillage), grass land (including „bare“ land at 

Mukogodo), natural vegetation and runon. The classification of every single treatment can be found in 

section 9. 5 in the annexe. The following parameters were included in the multiple linear regression analy-

sis: 

1. Y1: Runoff [mm] 
2. X1: Erosivity [J/mh] 
3. X2: Ground cover [%] 
4. X3: Antecedent soil moisture [mm] 

6. 7. 2 Assessment of the Multiple Linear Regression Model 
LOG transformation (LN (variable + 10)) of the dependent and two of the independent variables was ne-

cessary to meet the assumption of normal distribution of the residues (Q-Q plot). However, a normal dis-

tribution of the residues could not be perfectly established. The distributions of the residues are acceptable 

apart from „natural vegetation“. For this treatment class, the regression model should thus be taken with 

caution. The r2-factors, which represent „the proportion of variation in the dependent variable explained 

by the regression model“ (SPSS Tutorial 13.0) range from 0.25 (natural vegetation) to 0.61 (bare), the ave-

rage is 0.43. Therefore, less than half of the variation in runoff [mm] is explained by erosivity, ground 

cover and ASM. 

The variables were checked for (multi-) collinearity, which stands for „the undesirable situation where the 

correlations among the independent variables are strong.“ (SPSS Tutorial 13.0) If both rainfall and erosivi-

ty were included in the model, condition indices of 30 to 35 occurred, suggesting a serious multicollineari-

ty problem. (SPSS Tutorial 13.0) As described previously in this study (section 6.1), daily rainfall and ero-

sivity show a medium to high correlation and therefore, only one of the parameters should be included in 

the multiple linear regression analysis. Since erosivity includes rainfall intensity (I30) and the total rainfall 

amount (as part of the calculated kinetic energy), it is considered to be more appropriate than just rainfall 

as an independent parameter to explain the amount of runoff. Tolerance statistics, which describe „the 

proportion of a variables variance not accounted for“, (SPSS Tutorial 13.0) do not indicate a problem of 

collinearity among the independent variables. Furthermore, the variance inflation factor (VIF, reciprocal 

of tolerance) never exceeded 1 for any of the variables, indicating a small variance of the regression coeffi-

cient which thus can be accepted as a good estimate for the model.  

T-statistics test the null hypothesis that the regression coefficient is zero and hence no linear relationship 

between the dependent and the independent variable exists. (SPSS Tutorial 13.0) The relative importance 

of the relevant parameters included in the model is indicated by the „Beta“ coefficient. This is a standardi-

sed coefficient, with a standard deviation of 1. Beta indicates, that Y increases by beta standard deviation if 
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x increases by 1 standard deviation. Betas can only be compared within a model, not between. (BAHREN-

BERG ET AL. 1992:33 and NCSU, online) 

The model summary and relevant coefficients of the multiple linear regression analysis can be found in 

tab. 4 and 5. 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 
Tab. 4: Summary of the multiple linear regression analysis model (dependent variable: runoff [mm]) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Tab. 5: Parameters included in the multiple linear regression analysis 
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For all treatment groups apart from „natural vegetation“, the relationship between ground cover and ru-

noff is negative, suggesting lower runoff at higher ground cover rates, as the simple linear regression ana-

lysis of section 6. 5 showed already for all NRM3 stations except Sirima („bush“ at Sirima belongs to the 

group „natural vegetation“). The following parameters are relevant (at a 0.05 significance level, significan-

ce of t-test < 0.05) for every treatment group: 

 

Crop Land: All variables included in the analysis are important for the generation of runoff. Erosivity is 

the most important factor (beta 0.54), ground cover (–0.19) and LOG_asm (0.14) are less influencing. 

When the infiltration capacity of the soil is exceeded by an intense storm, cover conditions become less 

important, and even at medium to high ground cover, runoff can be considerable as it can be seen for e. g. 

local treatment (Kalalu and Matanya), tillage (Embori), potatoes (Karuri) or microcatchment (at Kalalu 

and Matanya, with the mentioned „spilling over“ problem). 

Grass Land: The influence of the independent variables is similar to crop land. Erosivity is the most im-

portant factor (0.64). Even when vegetation on grazing land is able to develop and cover rates become 

high, the soil has not recovered at that time and infiltration rates are not considerably better. As a result, 

when erosivity (including the amount of rainfall, its energy and intensity) is high, severe runoff rates may 

occur.  

The relative importance of antecedent soil moisture is small (beta 0.08). For over grazed land, ASM might 

be more important as dry conditions are expected to enhance crusting of the soil surface. However, as not 

only over grazed land is included in grass land, but also rotational and controlled grazing and perennial 

grass land, this surface crusting effect is less affecting the grass land group and the ASM coefficient is the-

refore of lower importance than the other parameters.  

Natural Vegetation: For this treatment, only erosivity (beta = 0.50) plays a significant role in the genera-

tion of runoff. As the variation in ground cover is low for forest and natural grass which generally have 70 

% or more cover, this factor is insignificant. ASM (last 5 days, beta = 0.05) is negligible in terms of runoff 

generation as a result of the soil conditions. The soils of the mountainous stations are deep and well deve-

loped and have good water storage capacities. Hence, the last 5 days are not relevant in terms of soil 

moisture (see 6.6). 

Runon: All variables apart from ASM are significant contributors to the extent of runoff. Erosivity is im-

portant with a beta value of 0.74, ground cover has a beta coefficient of –0.26. An explanation for the insi-

gnificance of ASM is that on the 2 x 2 m runon extension (grass and bushes), soil moisture is less impor-

tant due to rather good water storage capacities and ground cover which improves the infiltration rate 

through the roots and hinders evaporation. As a result, about 50 % of the runoff is held back, notwithstan-

ding of the ASM. Additionally, the soil fauna activity is very high on the runon plots (termites), increasing 

the infiltration capacity too, allowing significant higher (and more constant) soil moisture contents com-

pared to the bare test plots. (LINIGER, personal communication) Furthermore, runon plots are situated at 

the Mukogodo research site, where rainfall amounts are low and annual evaporation is high, generally 

causing arid conditions in the bare soil with a rather low variability in soil moisture. 

 

The same regression analysis was carried out with daily rainfall amount instead of erosivity. Rainfall mea-

surements are much easier to obtain and no special rain gauge (Hellman) is required for it. Therefore, this 

regression analysis is more of a „low tech“ application which can be applied at most places. The results are 



R e s u l t s  &  D i s c u s s i o n  
 

 82 

very similar to the analysis described above, just „natural vegetation“ shows a different result, by only in-

cluding „LOG_rainfall“ in the significant parameters. This corresponds with the assumptions made before 

that cover and ASM is of little importance in terms of runoff generation under natural vegetation, as 

ground cover and water storage capacity of the soil are generally high. 

KIRONCHI (1998:114ff) observed a decrease of runoff with an increase of ground cover at Kalalu, Karuri and 

Mukogodo but the correlations between runoff and ground cover were not statistically significant. This 

suggests that other parameters are significantly contributing to runoff too which can be confirmed through 

the multiple linear regression analysis in this study. Coefficients of determination (r2) of the regression 

analysis in the present study are rather low to medium with the independent variables explaining not more 

than 61 % of the variation in runoff at most. This can be explained by the numbers of parameters included 

in the study. Apart from erosivity, ground cover and asm, other parameters which were not incorporated 

in the analysis are likely to influence the generation of runoff. Such variables could be the infiltration ca-

pacity of the soil, which in turn depends on the compaction of the soil (as a result of e. g. sealing or tramp-

ling by cattle), the organic matter content or the extent of surface crusting which is influenced by land 

treatment such as tillage, soil fauna activity or roots of plants. Such parameters would have to be included 

in a regression analysis either as a numerical or as „dummy“ variables, which represent a categorical va-

riable. 

R2 values are medium for grass land and runon, where the infiltration capacity is probably less influent, as 

it is generally low to medium (over grazed land and controlled/rotationally grazed land) or medium to 

high (runon) and not varying greatly. Crop land on the other hand might show various infiltration rates 

due to different forms of top soil treatments (reduced tillage, mulching or „local“ hoeing). The coefficient 

of determination for crop land would thus likely to be higher if infiltration could be included in the regres-

sion model. Natural vegetation has a low r2 due to the fact that runoff rates are generally rather low, even 

when erosivity is high. The reasons for that are good infiltration capacities on the deep, soft soils with a 

high organic matter content. Furthermore, the model is rather insufficient for „natural vegetation“ due to 

the distribution of the residues which diverges from normality distribution even after (logarithmic) trans-

formation of some variables. MUTUNGA (1995:109) carried out a very similar multiple regression analysis 

for the area of Mukogodo and found that rainfall, erosivity and vegetative cover accounted for 65 % of the 

variation in surface runoff [% of rainfall] and for 72 % of the variation in soil loss. 

6. 7. 3 The Interaction of Erosivity, Ground Cover, ASM, Runoff and Soil Loss 
The multiple linear regression analysis was performed for the influence of erosivity, ground cover, and 

ASM on runoff only. For soil loss, the quality of the models obtained was not satisfying (especially a suffi-

cient normal distribution of the residues was not achieved) and this analysis was therefore not included in 

this study. Secondly, runoff is the driving parameter for soil loss, as runoff is a condition to obtain any soil 

loss at all. As a result, the significant relevant parameters for soil loss coincide with the ones determining 

runoff with the addition of runoff [% of rainfall] being the most important parameter in any case. MUTUN-

GA (1995:106) too found in the multiple linear regression analysis mentioned before runoff [% of rainfall] 

to be the most important factor for soil loss at Mukogodo. For runoff, ground cover was determined to be 

the most influencing factor, whereas in this present study erosivity is more significant than ground cover 

for all treatment groups. The results of the regression analysis are depending on the scope of data availa-
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ble, the numbers of independent variables, the classification of treatments and if outliers are removed, 

which was not the case in the present study. 
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7 .  C O N C L U S I O N S  &  O U T L O O K  

7. 1 General Conclusions of the Study 

The following findings and conclusions of the present study can be summarised: 

7. 1. 1 Rainfall Erosivity and Erosive Storm Events 
1 Linear regression coefficients for the relationship between daily rainfall and erosivity are medium 

to high for all NRM3 stations and lie between 0.64 (Kalalu) and 0.75 (Sirima). This means that 

even in areas where no rainfall intensity data is available, the erosivity of a storm/rainy season can 

be estimated by using the daily rainfall total. However, if a quadratic relationship between the two 

parameter is assumed, the correlation is even higher (up to r2 = 0.86 at Matanya) as erosivity is the 

product of kinetic energy and rainfall intensity. 

2 According to HUDSON (1965) and other authors, a minimum rainfall erosivity index of 6 (the lo-

west EI30 value with intensities exceeding 25 mm/h) is required for an erosive rainfall event in the 

study area. This means that a minimum theoretical daily rainfall total of 12.6 mm is necessary to 

cause erosion. However, the observed variability among the data is great and this amount can only 

be taken as a general assumption for the study area. 

3 Analysis of the frequency of erosive rainfall events revealed the interesting fact that the amount of 

rainfall days (rainfall > 1 mm) decreases towards lower altitude in the study area, whilst the per-

centage of erosive events increases. In the end, all stations have a similar number of erosive rain-

fall events per year, between 4 and 7 events. 

7. 1. 2 Seasonal Amounts of Runoff and Erosion 
4 Water loss through surface runoff is the main problem in the study area, as up to 50 % of a sea-

son’s rainfall can be lost that way (e. g. at Mukogodo, Kalalu and Matanya). The most affected 

treatments are bare land, grazing land (especially over grazed areas), and „local“ treatment.  

5 Soil loss through erosion on the other hand is of less importance in the study area as a comparison 

with other African countries, e. g. Ethiopia showed. The highest soil loss rates were measured on 

bare (Mukogodo), potato and tilled plots, with 20 to 40 t/ha/season (20 t/ha per season). In some 

areas of Ethiopia, erosion rates of 100 t/ha/year and more occur. 

7. 1. 3 The Influence of Ground Cover on Runoff and Erosion 
6 Not every runoff event causes erosion. Often clear rainwater was observed to run off without car-

rying any soil particles. Fig. 59 shows the example of Kalalu, but the other stations behave similar-

ly. This again confirms that in the area north and west of Mount Kenya one of the main problems 

is water shortage due to high surface runoff rates (in combination with high evaporation) and not 

necessarily soil loss through erosion. 

7 Naturally, low runoff and soil loss rates correlate with high ground cover and vice versa for all 

treatments and stations, with the exception of Sirima (see point 15 of this section). However, this 

relationship is not always very clear (see point 8). If all stations are taken into account, the mean 

runoff [% of rainfall] decreases clearly (from 27.4 % to 4.1 %) with increasing ground cover, re-
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gardless of the kind of treatment (fig. 60). Mean soil loss shows a decreasing tendency too, but at a 

very low level (from 0.8 t/ha/event to 0.09 t/ha/event). 

8 Generally, the relationship between ground cover and runoff classified by rainfall (second figure of 

each station in in 6. 5) did not show significant coefficients of determination for all stations. A pos-

sible explanation is that erosivity and ASM were not included and that many „special“ cases or out-

liers occurred. Those cases were already examined and explained in section 6.6. The two other 

graphs for each station which show the relationship between erosivity and runoff and soil loss re-

spectively, had generally medium to high r2 values. Erosivity is obviously a better predictor for ru-

noff and soil loss than daily rainfall, as it incorporates rainfall energy, intensity and daily amount 

at once. 

 

 

 

 

 

 

Fig. 59: Runoff [%] and soil loss [t/ha/event] 
at Kalalu 

 

9 Grass land generally experiences more runoff than crop land (approximately double amounts, see 

6. 4). Grass land is prone to surface sealing (when ground cover is low, the energy of the rain is 

able to detach the soil aggregates and soil particles clog the soil pores), crusting of the top soil layer 

and compaction as a result of livestock trampling. Crop land on the other hand has higher infiltra-

tion rates after tillage and weeding. After several storms however, sealing can occur as the soil 

structure has been disturbed through tillage. 

10 High ASM contents or rainfall intensities can cause high runoff and soil loss amounts even at good 

ground cover due to the saturation of the soil which cannot absorb any more rainwater. 

11 Crop land (potatoes) at Karuri shows surprisingly high runoff rates at high ground cover levels 

despite tillage. A possible explanation is the rather high silt contents of the top soil (mollic ando-

sol) which possibly causes siltation (soil pores become clogged and crusting develops). Further-

more, soil aggregates may break down as a result of ploughing. 

12 The difference between reduced and deep tillage (Embori) in terms of runoff and soil loss is not 

obvious due to the insufficient maintenance of the experiment plots. Contradicting reports about 

runoff and different tillage practices can be found in literature. Some authors suggest runoff to be 

higher on reduced tilled plots compared to conventional tillage (ISENSEE and SADEGHI 1993 in: RA-

SIAH and KAY 1995:324 and KIRONCHI 1998:91), by virtue of higher infiltration rates of the deeply 

ploughed land. Soil loss on the other hand may be enhanced as a result of destroyed soil aggrega-

tes. Others confirmed the opposite in their studies. However, in the current study soil loss was ob-

served to be slightly less on reduced tillage test plots.  
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Fig. 60: Mean runoff and soil loss rates for different cover classes (all stations) 

 

13 Bare soil – and partially over grazed land – have high to very high surface runoff rates due to cru-

sting and compaction of the top soil but experience rather low erosion rates for the same reasons. 

On these treatments, a short term recovery of vegetation cover (annual forbs and weeds) did not 

take place after heavy rainfalls. The soils could not recover from crusting and compaction and 

good infiltration rates did not re-establish. Therefore, high runoff rates are observable even when 

the level of ground cover is good. To substantially improve the infiltration capacities, a permanent 

recovery of the vegetation would be necessary. 

14 Microcatchments (at Kalalu and Matanya) were constructed to avoid runoff by collecting the flo-

wing surface water. Nevertheless, during heavy storms, the trench at the end of the test plot was 

filled up with rain water and finally spilled over, causing considerable runoff. 

15 Soils containing high amounts of clay minerals (e. g. montmorillonites (smectites)) such as the 

vertisol at Sirima or (to a lesser extent) the phaeozem at Matanya tend to shrinking and swelling. 

When the soil is moist during the vegetation period (rainy season), an intense rainfall event can 

cause the soil to seal completely, leading to considerable runoff rates despite high ground cover. If 

only few heavy rains occur or a loose top soil was found due to cultivation of the land, the soil at 

Matanya would not develop its vertic properties. (LINIGER 1986:221) 

16 Soils of volcanic origin are found at all stations apart from Mukogodo, where the soil developed on 

gneiss parent material. The lixisol at Mukogodo is hence less fertile and in combination with low 

rainfall only suitable for pastoralism whilst crops are cultivated in other areas around Mount Ke-

nya. A red or light brown soil – as it can be found at Mukogodo – is a sign of erosion, implying 

that the top darker brown or reddish soil (which contains organic carbon) has been eroded. 

Another evidence of erosion are small loose stones laying around which indicate that the soil 

around has been eroded. (OKOBA and STERK 2006:36) The soil at Mukogodo shows the highest ru-

noff and soil loss rates of all stations in this study. 

17 Natural vegetation (forest, bush and grass typical), mulching and agroforestry hardly experience 

any runoff or soil loss at all. TIFFEN ET AL. (1994:118) note that the most fertile soils are the ones 

under natural vegetation. Due to the minimal disturbance, they can supply the necessary nutrients 
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to plants. Cultivated land on the other hand contains less nutrients depending on the amount of 

ground cover. The most unfavourable areas in terms of nutrient supply are heavily grazed or culti-

vated areas, most likely as a result of the erosion of the top soil horizon. 

18 The influence of antecedent soil moisture of the last 5 days is not relevant in terms of runoff for 

the mountain slope stations (Naro Moru Met, Karuri, Embori and Teleswani) due to the soils’ 

depth and high water storage capacity. A time period of 20 days was considered much more ap-

propriate to assess the soil moisture conditions. 

7. 1. 4 Multiple Regression Analysis 
19 The variables erosivity, ground cover and ASM explain up to 61 % of the variation in runoff. If mo-

re parameters such as infiltration capacity of the soil, organic matter content, degree of crusting 

and soil fauna activity could be included in the regression analysis, the model is likely to improve 

significantly.  

20 For all groups (crop and grass land, natural vegetation and runon), erosivity is the most determi-

ning parameter in terms of surface runoff, followed by ground cover, which is negatively related to 

runoff. 

7. 2 Infiltration Rates and Surface Crusting  

A soil’s capacity to infiltrate rainfall depends on its porosity which influences the water storage behaviour 

and the transport of water into deeper soil layers. Loose, sandy soils show better infiltration rates than 

heavy clay or loamy soils. Furthermore, the antecedent soil moisture content determines the infiltration 

capacity too. A dry soil has a high initial infiltration rate which decreases as the storm continues and the 

soil gets saturated with rainwater. LINIGER ET AL. (1993:5-6) compared infiltration rates of different land 

use types. They found that the land cover is more important in terms of infiltration rates than the soil type. 

Natural vegetation at Sirima (bush and grass) recorded around 6 to 7 times the infiltration rates than tho-

se in the heavily over grazed area of Mukogodo, even though the soil at Sirima possesses vertic properties 

and tends to swelling which causes high runoff rates (see section 6. 6. 8). 
The breakdown of soil aggregates through large raindrops during an intense rainfall event can clog the 

upper soil pores with fine particles, hence reducing the infiltration capacity. Finally, this process results in 

surface crusting or sealing, making a soil prone to runoff even during short storm events. (CRITCHLEY and 

SIEGERT 1991:chapter 3 - online) In literature, a difference is made between structural crusting (involving 

no external material) and depositional crusting (constructed through external material). (Structural) cru-

sting is one of the major problems encountered for grass land on the plateau around Mount Kenya (e. g. 

Mukogodo, Kalalu and Matanya research sites). This phenomenon may occur due to the destabilisation 

and detachment of soil aggregates, reducing the pore volume and enabling a sealed soil surface. Deposi-

tional crusting occurs when a soil’s clay particles are dislocated due to rainfall impact energy and as a re-

sult clog the soil pores and finally reduce the infiltration capacity of the soil. (RASIAH and KAY 1995:321f 

and MORIN and VAN WINKEL 1996:1223) GICHERU ET AL. (2004:173 - 184) examined the phenomenon of 

crusting on a lixisol, (in the present study, this kind of soil can also be found at Mukogodo). He found that 

water loss through runoff is a great risk in semi-arid regions in Kenya due to crust prone soils and erratic 

rainfall events. Prone to surface crusting in semi-arid areas are soils with low organic matter contents, 

sandy loam to silty clay loam soils or soils with a low structural stability. When such kind of a soil is expo-
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sed to rain, the soil aggregates break and clay particles disperse, resulting in crusting (see previous secti-

on). Factors which were found to contribute to surface crusting are: Aggregate stability (which correlated 

in GICHERU’S ET AL. study with crust strength) and particle size distribution (the predominance of silt and 

sand makes a soil rather unstable). Among the different treatments (conventional and reduced tillage, 

mulching) included in the study, the ones with the least water content showed the strongest crust. Where 

manure or mulching material had been spread in combination with conventional or reduced tillage, the 

risk of crust formation was significantly lower. Reasons for that are higher organic matter contents, higher 

earthworm activity and the reduction of the rain drops impact through mulch or manure. KIRONCHI 

(1998:76) found that soil organic carbon contents decline from the slopes of Mount Kenya to the highland 

plateau. The soils covered by natural vegetation such as at Naro Moru Met, Karuri or Teleswani have more 

than 10 % organic carbon while in the plains this content is generally less than 2 %. 

Vegetation can also protect a soil from this crusting, decreasing the impact of large raindrops. Additional-

ly, a soil’s porosity is increased by the roots of plants and organic matter in the soil. Vegetation also retains 

flowing surface water, which allows more water to infiltrate. (CRITCHLEY and SIEGERT 1991:chapter 3 - on-

line) Apart from rainfall intensity, crusting, vegetation and a soil’s texture, infiltration rates are also in-

fluenced by surface roughness, variable ground water depth, rock fragments, the presence of macropores 

(through biological activity or tillage) and water storage in depressions. (ROODE, VAN 2000:102) LUND-

GREN (1980:138) found in her study in Tanzania on humic ferrisols and humic nitisols the phenomenon 

that at the end of the dry seasons rain water would not infiltrate at first because „the soils need to be wet-

ted before they can „accept“ the rain water.“ This observation refers to a crusted soil surface which initially 

has to be softened through water to allow the infiltration of more rainwater into the soil. 

7. 3 Soil and Water Conservation in Kenya 

Soil and water conservation technologies are defined as „agronomic, vegetative, structural and/or mana-

gement measures that prevent and control land degradation and enhance productivity in the field.“ (WO-

CAT 2007:15) In the semi-arid areas of Kenya, simple low-cost conservation systems, which can be laid 

out by the farmers themselves, are required to prevent soil and water loss through runoff. (HUDSON 

1987:38) „There is need to take appropriate and most suitable land management and conservation measu-

res.“ Such efforts include the building of terraces, benches, vegetative barriers and permanent grass cover 

to reduce runoff. Furthermore, land and water conservation strategies which address the people are reque-

sted, based on traditional water conservation methods. (ONGWENYI ET AL. 1993:223) Various measures 

which are applied in the study area are described and assessed in the following sections. 

7. 3. 1 Agronomic Measures  
Agronomic measures are related to soil management and are usually „low input“ measures, integrated into 

farming activities. One example of a soil protective treatment is Reduced Tillage which aims to prevent 

the soil aggregates from being destroyed. It helps to minimise erosion on ploughed land, to use water more 

efficiently and to enhance soil organic matter contents. (WOCAT 2007:21) GICHERU ET AL. (2004:173ff) 

observed an increase in infiltration rates under minimum (reduced) tilled land in semi-arid Kenya and 

suggest that this treatment in combination with mulching „should therefore be taken into account in land 

management and water conservation in the semi-arid areas of Kenya.“ RASIAH and KAY (1995:328) found 

that minimum tillage substantially reduced both runoff and soil loss on corn treatment in Ontario, USA. 
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However, its acceptance among small-scale farmers in the semi-arid areas of Kenya is not without reserva-

tions. „Reduced tillage is considered to compact the soil and to reduce fertility. In the high-rainfall areas, 

deep tillage has proved to get nutrients from the subsoil into the topsoil. Therefore, they [the farmers ori-

ginally coming from high-rainfall areas] have reservations about ‚just scratching the surface’.“ (LINIGER ET 

AL. 1993:229)  

The use of Mulching material to prevent runoff, erosion and water loss through evaporation is another 

agronomic measure. The author of the present study noticed during a field trip (2007) to Kalalu station 

that even years after the „local“ and „mulching“ test plots had been removed, maize grew clearly higher on 

the former mulched plot than on the locally treated land. This indicates that local treatment strongly di-

sturbed the (top) soil whilst mulching protected the surface soil or even improved its properties such as 

fertility, structure and water storage capacity. ADEKALU ET AL. (2006:226ff) observed in his study in Nige-

ria, that the higher the compaction level, the less soil loss but more runoff occurs. A higher compaction 

level means a larger bulk density and a reduction of a soil’s porosity and infiltration capacity. Mulching 

material not only absorbs a part of a rainfall’s energy, thus hindering soil detachment, but also retards the 

water movement and causes more water to infiltrate that way. LINIGER (1992:491-497) observed increased 

infiltration rates even after only three seasons of applying mulching at Kalalu and Matanya. He stated that 

„an improvement of the topsoil structure by the protection of the surface and increased biological activities 

can be the only explanation“ for that. On the other hand, over grazing of the land strongly reduced the 

infiltration rates. Apart from absorbing much of the rainfall energy, mulch material reduces the impact of 

splash, which causes sealing. Moreover, macropores develop in the soil due to increased biological activity 

through soil fauna beneath mulch material. Finally, the velocity of surface runoff water is decreased by the 

rough mulch material surface which also traps sediments. GICHERU ET AL. (2004:180) found that spreading 

of manure or mulch material significantly enhanced the infiltration rates of a ferric lixisol in a semi-arid 

area of Kenya. These kinds of land management improved the soil conditions in terms of organic carbon, 

crust strength and bulk density, improving infiltration. „Manure and surface mulch with reduced tillage 

should therefore be taken into account in land management and water conservation in the semi-arid areas 

of Kenya“. 

Apart from decreasing the amount of surface runoff and erosion, mulching also positively contributes to 

the water balance in semi-arid regions by lowering evaporation rates. A study carried out by NJERU 

(1995:111) found that test plots under mulch at Kalalu experienced 20 % less evaporation (on average, 45 

% of rainfall evaporated) than „local“ treatment plots (averaged 65 % of rainfall evaporated). Further bene-

fits of mulching are: It is time saving in terms of ploughing, as no or reduced tillage is usually associated 

with the application of this method. It reduces soil temperature oscillations by shielding the soil against 

solar radiation, which positively influences the water balance and the activity of soil biota. Mulch material 

adds to the soil organic matter content in the top soil which determines a soil’s fertility. (ERENSTEIN 

2003:20ff) Mulching material has a another big advantage compared to e. g. growing weeds as a soil pro-

tective procedure: There is no competition with crops or other plants for water and nutrients. The main 

problem for small-scale farmers though is to provide mulch material in large enough quantities. Further-

more, farmers are often dependent on the alternative use of plant residues as fodder, building material or 

burning material. (LUNDGREN 1980:144 and LINIGER 1986:219) The „starting cost“ for small-scale farmers 

in semi-arid regions are high, as the use of irrigation or fertilisers might be necessary to obtain enough 

biomass for mulching. The mulch material must not have a high weathering rate to serve as a soil protecti-
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on. Even though mulch material is known to control weed growth, its impacts on pests and diseases vary. 

Mulch may carry over pests from the precious crop but might „reduce the transmittal of plant diseases by 

rain-splash.“ The application of chemical pest control means though can be hampered by the presence of 

mulch material. (ERENSTEIN 2003:21) 

7. 3. 2 Vegetative Measures  
The international focus in terms of degradation and protection has rather been on forest than on grass 

cover and the effects of a Permanent Ground Cover on infiltration rates in semi-arid areas have been 

given insufficient attention. Furthermore, appropriate methods of revegetation and grazing land manage-

ment failed due to the lack of knowledge and training. (LINIGER and THOMAS 1998:1176) 
„The most striking symptom of desertification is the denudation of the herbaceous cover and the loss of 

perennial grasses.“ (LINIGER 1995 in: LINIGER and THOMAS 1998:1167) A continous grass cover as a conser-

vation method has been recognised for many years. The re-establishment of a perennial grass cover often 

proves to be essential and is much more efficient than approaches such as planting trees or digging tren-

ches. (LINIGER ET AL. 1993:2) The same study carried out in Laikipia district in Kenya reported that a per-

manent grass cover of 50 % reduces the rates of runoff to 1/3 or less and erosion even to 1/30 compared to 

an over grazed test plot with only 10 % cover or less. (LINIGER and THOMAS 1998:1176ff) This effect occurs 

due to higher infiltration rates under permanent cover as well as due to the water retention capability of 

covered ground. LINIGER and THOMAS (1998:1171) found that in an area with a good perennial grass cover, 

the plant production in the grass area exceeds the one under trees due to water competition and shade, 

whereas in an area with bare ground the herbaceous biomass under trees is more than double than in the 

open area as a result of soil degradation, evaporation and crusting on open land. 

Over grazing is mainly responsible for the destruction of foliar cover. In his study in the Kenyan Machakos 

District (bimodal rainfall pattern, 600 – 1'100 mm/year, 1'400 to 1'600 m. a. s. l.; luvisols and acrisols), 

ZÖBISCH (1993:445ff) found peak soil loss rates of around 50 t/ha/year. The acceptable erosion rate for 

this area was estimated at 6.7 t/ha per year. Soil loss exceeded this tolerable soil loss limit only at ground 

cover rates < 20 % (foliar cover was determined by photographic investigation techniques). For more than 

40 % cover, changes in cover had little effect on erosion rates. Similar results were found by KIRONCHI 

(1998:117) at Mukogodo (September 1993 to August 1995), where the threshold for runoff (and hence soil 

loss) lies at about 40 % cover. In the present study, including data of 6 years, runoff at ground cover > 40 

% was observed at Mukogodo, but only for 138 (11.8 %) out of 1'173 runoff cases. Soil cover is, in contrast 

to slope and soil conditions, a factor which can be influenced through management. Therefore, this para-

meter can be efficiently used to control soil erosion. Nevertheless, soil loss rates in the Machakos study are 

rather low (possibly due to high infiltration rates of the soils) compared to elsewhere under similar condi-

tions. (ZÖBISCH 1993:445ff) This also applies for the study area around Mount Kenya. 

7. 3. 2. 1 Restoration of Ground Cover 
When the soil is heavily eroded as e. g. in Mukogodo, resting alone is not of much use to restore ground 

cover. Once grazing land is bare (< 20 % cover), it hardly recovers when just left alone. The reason for that 

is the lack of water infiltration into the soil, which is sealed on top and compacted due to over grazing. 

Thus, an improvement of infiltration is the first step towards a restoration of cover. (LINIGER and THOMAS 

1998:1169) 
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Scratch ploughing and/or reseeding of drought-resistant grasses (e. g. Eragrostis superba or Cenchrus 

ciliaris) are possible solutions. Another suggestion is „laying slashed brushwood in rows along the contour 

to protect the soil and increase infiltration“ or the establishment of pitting systems with e. g. pits of 2 m 

diameter coupled with reseeding. Their implementation is labour-intensive and unlikely to be easily adop-

ted by pastoralists. Reseeding in combination with water harvesting (see next section), e.g. in hang-dug 

bunds in a fenced area was successfully applied in the Baringo Pilot Semi-Arid and Arid Project. (LINIGER 

and THOMAS 1998:1174) To relieve heavily over grazed and eroded areas, rotational grazing is socio-

economically more realistic than complete closing to livestock, e. g. in the Mukogodo area. (KIRONCHI ET 

AL. 1992:8) Nevertheless, alternative grazing areas are necessary and stocking rates must be assessed. 

(MUTUTHO 1986:315) In terms of runoff and infiltration rates, vegetation recovery is essential. Mechanical 

techniques just mentioned (e. g. range pitting or microcatchments) are of use only in combination with 

vegetation recovery. (KIRONCHI 1992:8)  

7. 3. 3 Structural Measures 
The purpose of Terracing, called fanya juu in Kenya, is primarily the control of runoff (which causes wa-

ter shortage for rainfed crops and enables erosion), wind velocity and erosion on sloping land. For this 

terrace system, only the bund is constructed and the bed levels out over time. The initial construction may 

be labour-intensive, but fanya juu is considered to be a cost-efficient method (less than 320 $ per hectare) 

and such systems are generally of long duration. (WOCAT 2007:28) 

The approach of water conservation intends to „increase the amount of water stored in the soil profile by 

trapping or holding rain where it falls or where there is some small movement as surface run-off.“ Where 

precipitation is less than crop requirements, as in the semi-arid areas of Kenya, land management should 

aim to increase runoff onto cropped areas and drought tolerant crops should be cultivated. However, the 

problem are the variable rainfall patterns as even dry years include heavy storms or dry spells can occur 

during wet years. The goal of successful water management is „to reduce the problems caused by non-

average events of flood and drought.“ (HUDSON 1987:49) The collection and storage of surface runoff water 

for later use is called Water Harvesting. (HUDSON 1987:101) Water harvesting using small earth dams has 

been practised in semi-arid Laikipia (Kenya) for many decades. The designing of such dams and the esti-

mation of runoff and sediment loss used to be difficult due to the lack of data on runoff and erosion 

amounts. For water harvesting in small dams, a catchment should produce runoff during heavy storms, 

but erosion rates should still kept at a reduced by sufficient ground cover. A study in a catchment north 

and west of Mount Kenya (Mukogodo) found that more than 10'000 m3 of water could be collected on 1 

km2 for a single event of 50 mm! Sediment load rates, however, would be very high, about half of the an-

nual sediment rate. In the catchment of Sirima, about one third of the water amount at Mukogodo could 

be dammed whilst the amount of sediments would only be 2 % of the one at Mukogodo. To guarantee a 

useful establishment of the earth dams, a correct assessment of a catchment, its land use and cover condi-

tions is absolutely essential. (ONDIEKI and LINIGER unpublished) 

MUTUTHO (1986:318f) describes a traditional water harvesting practice called „Wamatengo“ pits after the 

Wamatengo tribe in Tanzania. These pits have a radius of approximately 2 metres and are dug in cultiva-

ted areas to trap runoff and silt. Such conservation techniques are most effective when grazing manage-

ment such as rotational grazing is executed to prevent the soil from degradation. 
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7. 3. 4 Management Measures  
Partial and temporal closure of grazing land for livestock is called Rotational Grazing. This grazing sy-

stem allows the regeneration and maintenance of a permanent ground cover, which significantly reduces 

runoff and soil loss compared to over grazed land (see section 6. 4. 2). Such management measures can be 

applied where technical measures are not sufficient on their own. Rotational grazing does not require high 

investments of money or labour but small scale-farmers may not be in a position to access or provide ade-

quate alternative grazing land during the closed season. Decision-making and neighbour relationships 

play an important role in terms of the success of management measures. (WOCAT 2007:22) 

7. 3. 5 The FAO Erosion Model  
Erosion of the fertile top soil causes yield losses, long-term losses in land productivity are due to a trunca-

tion of the soil profile and reduce the available water quantity. An acceptable amount of soil erosion is 

determined by the reduction of crop production and soil depth. This acceptable threshold is depending on 

the land utilisation type (dry – or wet land, grass or crops, etc.), the thermal zone (regeneration capacity of 

the soil according to the length of vegetation period) and soil type. The types included in this study are 

classified most susceptible to productivity loss per unit of topsoil (acrisol), intermediate susceptible (luvi-

sol and phaeozem) to least susceptible (histosol, humic andosol, mollic andosol and vertisol). The tolerable 

soil loss rate can be determined with a model described by the FAO. This model contains parameters such 

as acceptable yield reduction (%), yield reduction (%) at the given inputs level (e. g. conservation methods) 

when the effective topsoil is all lost, bulk density (g/cm3), depth of topsoil (cm) and time (years) over 

which yield reduction is acceptable. To determine this amount of acceptable soil loss for the research sites 

of the present study would go beyond the scope of this work and not all data would be available. However, 

FAO concludes, that even very deep (120 – 180 cm depth) soils should not experience more than 7.2 

t/ha/year of erosion to avoid more than 10 % loss of land and more than 50 % crop yield reduction over a 

100 – year period. This amount is exceeded during the study period for some stations (e. g. Mukogodo) or 

treatments (over grazed land at Kalalu and Matanya). Extremely deep soils (200 – 400 cm) have a tolera-

ble soil loss amount of up to 26.4 t/ha/year. (KASSAM ET AL. 1992:chapter 5)  

A comparison to other studies focused on runoff and erosion in East Africa indicate that erosion rates in 

the area north and west of Mount Kenya are low to medium for most of the treatments. Only over grazed 

land and crop land with no or little ground cover generates high to very high erosion rates. The runoff and 

erosion experiment plots are only suitable to examine sheet and rill erosion whereas on (heavily) grazed 

land gully erosion may develop in the lower parts. This kind of erosion cannot be taken into account on 10 

x 2 m test plots due to their size. This means that for grazing land, real soil loss might be higher than the 

experiment results suggest.  

Even though soil loss is generally not problematic (low to medium) for many of the applied land treat-

ments in the study area, e. g. mulching, reduced tillage, ridging, controlled and rotational grazing or inter-

cropped land; surface runoff can reach high rates at times and up to 40 % of the annual rainfall can be lost 

as surface runoff, aggravating the already occurring shortage of water supply, especially on the plateau. 

The mountain stations Naro Moru Met, Karuri, Teleswani and Embori have generally higher annual rain-

fall amounts and in addition are less prone to surface runoff and erosion due to ground cover conditions. 

In the United States of America, a soil loss value of 11.2 t/h/year has been determined as the tolerable 

limit. This value is equivalent to a soil formation rate of 25 mm in 30 years. (HUDSON 1995:40f) KASSAM ET 
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AL. (1992: chapter 5) suggest 1 mm of soil formation per year (12 t/ha). These suggestions are based on 

water control structures of a soil, the risk of gully formation and the cost of nutrient replacement. 

If these suggestions of an acceptable erosion limit are applicable in the semi-arid regions of East Africa, 

this threshold is exceeded for many of the examined land treatments, e.g. deep tillage (Embori), local (Ka-

lalu and Matanya), bare (Kalalu), over grazed (Kalalu and Matanya), bare open and enclosed and perenni-

al open (Mukogodo). Apart from natural vegetation, only mulching, agroforestry, controlled and rotational 

grazing have lower soil loss rates than 10 t/ha/year.  

7. 4 Outlook 

7. 4. 1 Climate Change 
Scenarios regarding climate change such as described by the Intergovernmental Panel on Climate Change 

(IPCC) anticipate an increase of the global mean temperatures due to the anthropogenic emission of 

greenhouse gases (e. g. CO2). This climate change is „likely to be more rapid than has occurred within re-

cent human history, and in any case we have little knowledge of how quickly societies can adapt to climate 

change.“ Changes in precipitation and extreme events will affect the semi-arid regions of Africa. Higher 

temperatures increase the demand of plants for water and enhance evapotranspiration. Especially on shal-

low, sandy soils this change will have immediate consequences for agriculture. (DOWNING ET AL. 1997:19ff) 

The influence of climatic change on soils can either be „directly through changes in wind and rainfall re-

gimes“ or „indirectly through changes in vegetation and surface cover. Also changes in atmospheric com-

position may have some impact on soil erosion through changes in vegetation and soil organic matter.“ 

(VALENTIN 1996:317) Fig. 61 shows various factors which control soil erosion under climate change. Rain-

fall and wind pattern are likely to change in the near future, which in turn influences soil conditions such 

as moisture regime and biological activity. Due to the change of a soil’s properties, different land use prac-

tises become necessary, e. g. other crops have to be cultivated or protective techniques have to be applied, 

while other practises might not be appropriate anymore. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 61: Factors influencing soil erosion under global change (VALENTIN 1996) 
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Deep soils such as at the mountainous NRM3 sites (Naro Moru, Teleswani, Karuri and Embori) will be less 

affected by global warming and enhanced evaporation rates due to a higher water storage capacity and 

denser ground cover. However, the range and pattern of climate change such as precipitation, droughts or 

floods is still very uncertain. (DOWNING ET AL. 1997:41) 

OVUKA and LINDQUIST (2000:107ff) examined the farmers’ perception of climate change in the Murang’a 

District in central Kenya. The farmers generally think that rainfall and crop production have decreased 

over the last 40 years. Especially the variability in rainfall changed according to the farmers and the short 

rains apparently have become less reliable, reducing crop yields. In contrast to other studies, which did 

not find evidence of a decrease in precipitation (DAHLBERG and BLAIKIE 1996, KINLUND 1996 in: OVUKA 

and LINDQUIST 2000:118), the analysis of meteorological data (moving average) in the study mentioned 

showed indeed a decreasing trend in precipitation between 1963 and 1976 and from 1979. Monthly rainfall 

data showed significant changes too, particularly for August, September (both decreasing rainfall) and 

October (slight increase in rainfall amounts). A possible explanation for the general decreasing trend could 

be the El Niño phenomenon, which causes dryness in the year prior to, very wet conditions during and low 

rainfall following an El Niño event in central Kenya. FEDDEMA (1999:561ff) carried out a study on future 

African water resources and soil degradation. He used general circulation models and found generally 

drier conditions across Africa in the future. In terms of future erosion problems, he stated that „soil degra-

dation tends to result in increased overland runoff early in the wet seasons, while at the same time intensi-

fying dry conditions early in dry seasons.“ The problem of soil degradation will especially affect high popu-

lated, wet and dry climate regions, reducing water-holding capacities of soils in these areas.  

Even though the amount of rainfall seems to decrease through global warming in some areas, the number 

of extreme events is possibly increasing as the climate changes. MASON ET AL. (1999:253) found significant 

changes in rainfall intensity in South Africa. 65 of 316 study sites taken into account showed increases in 

10-year high rainfall intensities, for some stations by more than 50 %. However, a number of stations 

along the coast and in the north-east of the country also experienced decreasing rainfall intensities. A 

warming trend in the tropical Indian Ocean (GRAHAM 1994 in: MOORE ET AL. 1999:254) could be one of the 

causes of this rainfall intensification. Such an increase in general rainfall intensity would cause more ru-

noff (if infiltration rates are exceeded) and erosive rainfall events, finally leading to more soil loss. 

KARANJA (2006:26ff) used General Circulation Models (GCM) to examine future climate change scenarios 

in Laikipia and other districts of Kenya. The scenarios included a temperature rise of 3.5°C to 4°C with 

annual doubling of carbon dioxide concentration and maximum rainfall changes of ±20 %. The results 

showed an increase in the actual crop water use (for beans and maize) of 9.1 % to 10.4 % for Laikipia Di-

strict, regardless of the rainfall change (positive or negative). Therefore, temperature is the driving force in 

terms of evaporation and water requirements of crops. The same study found also that the central High-

lands of Kenya are likely to receive mild increases in rainfall in the future. 

7. 4. 2 Future Research in the Area 
Since the NRM3 Research Programme had to be stopped approximately 5 years ago, no rainfall intensity, 

runoff, erosion and soil loss data are being collected in the study area anymore. However, daily rainfall 

amounts are still recorded at many different sites, mainly large scale farms where often a member of the 

farmer’s family is looking after the rain gauge and writing down the occurring rainfall amounts. These 

records are collected regularly by a staff member of CETRAD and entered into the database. 
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Future research in the area might examine the impacts of different soil and water conservation measures 

on runoff, soil loss and evaporation. Important is also the question how a sufficient ground cover level 

could be maintained to fight soil erosion and water loss through runoff and evaporation. A big challenge 

will be to escape the vicious circle of unprotected soil that is prone to surface runoff and erosion which in 

turn hinders the development of a e. g. permanent grass cover. 

Another issue is the approach of water conservation through rainwater harvesting to avoid water loss due 

to large runoff amounts. For this method, a certain amount of runoff is required but soil erosion should be 

avoided, which is a difficult task. The data which had been collected during 20 years could be used to deve-

lop e. g. a physical infiltration model with the aim of modelling the soil water balance in semi-arid areas 

where no data is available. 

Research on socio-economic parameters will focus on the adaption of farmers on the changing environ-

mental factors such as the rainfall regime, soil conditions and soil and water degradation. Furthermore, 

the acceptance and implementation of water and soil conservation practices among small-scale farmers 

will be a subject to examine. 
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9 .  A N N E X E  

9. 1 Scope of data 

The duration of data collection varies from station to station. Therefore, years and/or months with reliable 

data availability were selected for each station. The following years were selected to include in this study due 

to data availability: 

 

Naro Moru Met: 1995, 1996, 1997 (January, February, March, July, August, October, November, December: 

Hellman gauge failure), 1998 (January – September: Hellman gauge failure), 1999, 2000 (January to July) 

Karuri: 1993 (November and December), 1994, 1995, 1996, 1997, 1998, 1999, 2000 (January to July), 2001 

(January, April to July, September), 2002 (April, May, July) 
Embori: 1993 (October, November, December), 1994, 1995, 1996 (January, February, July and October), 

1997, 1998 (August), 1999 (June to August)  

Teleswani: 1993 (November and December), 1994, 1995 

Kalalu: 1986, 1987, 1988 (April to June), 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998 (May, 

June, July), 1999, 2000, 2001, 2002 

Matanya: 1997, 1998, 1999, 2000, 2001, 2002  

Sirima: 1993 (October to December), 1994, 1995, 1996, 1997, 1998 (January to June) 

Mukogodo: 1993 (August to December), 1994, 1995, (1996 – no plot cover information), 1997, 1998, 1999, 

2000 

9. 2 Soil Glossary 

Acrisol: (lat. acris – acid), weathered soils, the B horizon of these soils is rich in clay and the base saturation 

is below 50 %. (HINTERMEIER-ERHARD and ZECH 1997:3) Acrisols are acid, nutrient leaching, deep humic 

soils, prone to erosion without vegetation. This soil is suitable for forestry but can only limited be used as 

crop land. (GICHUKI ET AL. 1998:9) Traditionally used for shifting cultivation. (HINTERMEIER-ERHARD and 

ZECH 1997:10) Acrisols can be found at Embori station. (LINIGER ET AL. 1998:34) 

Alisol: (German System: „Parabraunerde“), Alisols are acidic with a yellowish or reddish B horizon. (HIN-

TERMEIER-ERHARD and ZECH 1997:10) Alisols have a base saturation of > 50 % (SCHEFFER and SCHACHTSCHA-

BEL 1998:428) 

Andosol: (Jap. ando = black soil), these soils develop on volcanic ashes. The top soil is dark coloured, rich in 

humus (up to 30 %) and loose structured. Andosols have a high water storage capacity and are therefore - if 

not compacted - suitable for plants. (SCHEFFER and SCHACHTSCHABEL 1998:456) Andosols in the Mount Ke-

nya area form on permeable underground and show desilication of the upper horizons. (SPECK 1983:27) Hu-

mic andosols as at Naro Moru Met are ashy soils with a high organic matter content. The top soil is black and 

the soil contains clay and loam. (LINIGER ET AL 1998:34) Andosols are classified on properties established 

during weathering. Moderatly acid, high water storage capacity. (SUMNER 2000:E-211) 

Chromic: The B horizon of a soil with chromic properties shows a deep brown to red colour. (HINTERMEIER-

ERHARD and ZECH 1997:166) 

Ferric: Ferric properties mean the occurrence of Fe-/Mn concretions and rust stains. (HINTERMEIER-ERHARD 

and ZECH 1997:166) 



A n n e x e  
 

 104 

Histic: (histos [greek]: Tissue), a horizon consisting of peat, developed under wet conditions. (STRAHLER and 

STRAHLER 2002:523) 

Histisol: (histos [greek]: Tissue), A histisol has no horizons or hardly developed ones; covered by a thick 

layer of organic matter. (STRAHLER and STRAHLER 2002:524) In the Mount Kenya area, histisols form on 

impermeable underground. They are poorly drained and have a medium to high plant production. After drai-

ning, histisols are used for crop cultivation. (SPECK, 1983:34) 

Humic: Rich in humus (STRAHLER and STRAHLER 2002:523) 

Lixisol: Natural savannah or forest vegetation, mainly used as pasture land. Due to limited nutrions availabi-

lity, fertilisation is necessary to cultivate lixisols. (SCHEFFER and SCHACHTSCHABEL 1998:452) Lixisols are 

similar to luvisols, are well developed and show clay accumulation in lower soil layers. Lixisols are prone to 

surface crusting and (gully) erosion. (LINIGER ET AL. 1998:34ff) 

Luvisol: Luvisols are related to  Andosols. Luvisols develop through leaching and migration of clay mine-

rals, therefore they usually have a top soil layer which contains very little or no clay and a B horizon with 

accumulated clay. (HINTERMEIER-ERHARD and ZECH 1997:166) The luvisols of the Mount Kenya area are well 

drained, have an xeric soil moisture and an isothermic soil temperature regime. Due to high plant producti-

on, they are used for intense crop production, pasture and forest plantations but are often eroded in the area 

which results in lower plant growth. (SPECK, 1983:48) The ferric luvisol (Kalalu type) is a deep red soil with a 

maximum clay content of 70 %; deep water percolation is indicated by the occurrence of clay until 180 cm 

depth. This soil is well drained, has a high water storage capacity with a soft top soil when dry and nutritious. 

When dry, this soil does not show shrinkage. (LINIGER 1991a:29) Ferric luvisols of Kalalu station are well 

developed and show clay accumulation in subsoil layers. (LINIGER ET AL. 1998:34) 

Mollic: (lat. Mollis – soft), dark coloured with organic matter (humus). Rich in bases (base saturation > 50 

%) such as calcium, magnesium and potassium. Structure: Granulous or blocky, loose aggregates when soil is 

dry. (STRAHLER and STRAHLER 2002:523) 

Phaeozem: Phaeozems belong to semi-arid climate zones. They are grey-brown coloured. Typical processes 

on such soils include decalcification, leaching and accumulation of humus. (HINTERMEIER-ERHARD and ZECH 

1997:210) Around Mount Kenya, vertic phaeozems are moderately well drained and show a medium to high 

plant productivity. However, verto-luvic Phaeozem, despite its good water keeping characteristics, are not 

suitable for farming. They are very hard when dry and during the wet season, it is almost impossible to use 

machines on these soils without damaging the soil structure. (SPECK 1983:52) The verto-luvic Phaeozem (Ma-

tanya type) is described in LINIGER (1991:29) as dark grey in the upper 20 cm, followed by black and yellow 

brownish coloured soil. The top soil contains a high amount of organic matter. Cracks form during the dry 

season in the black layer (rich in clay). This soil is imperfectly drained, has a high water storage capacity and 

is fertile. Dry top soil is hard and sticky and heavy when wet. Downwards from 80 cm, lime and iron concre-

tions can be found. Water infiltrated down to 90 – 150 cm. Between field capacity and wilting point, this soil 

shrinks by 15 – 20 %. According to LINIGER ET AL. (1998:34), the vertic phaeozem of Matanya is very fertile, 

has a high water storage capability and is not prone to erosion when uncovered. Theses soils are not washed 

trough by rainwater and are suitable for grassland but only marginally for rainfed crops.  

Umbric: Similar to „mollic“ but the base saturation is less than 50 %. Naturally saturated with water for 30 

days or more. (STRAHLER and STRAHLER 2002:523) 

Vertic: Contains > 30 % clay, slicken sides, prone to swelling and shrinking (SCHEFFER and SCHACHTSCHABEL 

1998:408) 



A n n e x e  
 

 105 

Vertisol: (lat. vertere – to turn over) Vertisols belong to the tropic or subtropic zone, they are rich in clay (> 

30 %) and show an intense change of structure („slickensides“) throughout the year due to wet and dry con-

ditions during the rainy and dry seasons, leading to peloturbation. (SCHEFFER and SCHACHTSCHABEL 

1998:449) Vertisols develop large cracks when dried out. (STRAHLER and STRAHLER 2002:525) These soils are 

generally nutrious but difficult to cultivate. They are very hard when dry and soapy when wet, and can there-

fore only be used for agriculture at a medium moisture level. In savannahs, vertisols are often grazing land or 

used for dry farming. (SCHEFFER and SCHACHTSCHABEL 1998:449) Vertisols are black cracking clay soils. (LI-

NIGER ET AL. 1998:34) 

9. 3 Analysis of Rainfall 

 

 

Fig. 62: Linear and relationships between daily rainfall and Hellman rain sum for all NRM3 stations 

 

9. 4 Average Annual Numbers of Rainfall Events and Erosive Events 

The first column per month is the number of rainfall events, the second represents the number of erosive 

events with a maximum I30 [mm/h] value ≥ 25. The black marked periods were not included due to Hellman 

rain gauge failure. 
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NM Met Year J F M A M J J A S O N D Sum Sum

1995 2 1 8 0 15 0 18 0 20 0 13 1 15 0 8 1 14 0 21 1 22 0 16 1 172 5

1996 11 2 5 0 12 0 9 0 17 2 13 1 14 2 15 1 13 0 18 3 26 0 12 0 165 11

1997 15 0 0 0 10 0 25 1 11 0 14 0 75 1

1998 0 0

1999 3 0 4 0 20 4 3 0 9 1 18 1 14 0 15 0 25 0 17 0 128 6

2000 5 0 4 0 8 0 17 0 19 1 11 0 10 0 12 0 14 0 20 0 16 0 136 1

Average 7 1 4 0 13 1 17 0 17 1 11 0 12 1 13 1 14 0 18 1 23 0 15 0 165 6

Karuri Year J F M A M J J A S O N D

1993 11 1 6 0 2 0 8 0 11 3 7 0 4 1 6 0 9 1 8 0 9 0 8 0 89 6

1994 1 0 3 0 5 0 17 1 17 3 7 0 6 0 13 2 3 0 13 0 19 0 8 0 112 6

1995 2 0 5 0 8 0 14 0 9 1 6 0 11 1 6 0 5 1 16 0 12 0 6 0 100 3

1996 5 0 1 0 8 0 3 0 13 1 13 0 11 1 6 1 1 0 9 1 13 0 2 0 85 4

1997 3 0 0 0 6 0 19 2 5 0 10 0 14 1 3 0 20 0 21 0 14 0 115 3

1998 15 0 2 0 6 0 10 0 13 3 9 3 7 0 9 1 7 2 13 0 9 0 2 0 102 9

1999 1 0 1 0 8 2 12 0 5 1 6 0 10 0 14 1 4 0 10 0 18 0 8 0 97 4

2000 1 0 0 0 3 0 7 0 11 1 3 0 2 0 3 0 8 0 15 0 4 0 57 1

2001 10 1 1 0 8 0 12 1 14 1 22 2 7 1 9 0 5 1 10 0 18 0 3 0 119 7

2002 3 0 2 0 5 0 12 1 6 0 6 0 7 0 7 7 0 14 0 8 0 10 0 87 1

Average 5 0 2 0 6 0 11 1 10 1 9 1 8 1 9 1 5 1 12 0 14 0 7 0 98 5

Embori Year J F M A M J J A S O N D

1993 13 1 7 0 0 0 8 0 12 2 6 1 5 0 6 0 8 0 7 0 8 1 9 1 89 6

1994 1 0 3 0 5 0 15 1 16 2 8 2 6 0 11 0 3 0 10 1 19 0 6 0 103 6

1995 2 0 4 0 6 0 11 0 11 0 5 0 11 1 6 0 6 0 15 0 12 1 7 0 96 2

1996 5 0 1 0 8 0 2 0 10 1 14 1 11 1 5 0 2 0 7 1 14 0 1 0 80 4

1997 4 0 0 0 7 0 17 1 6 0 11 2 13 1 6 0 2 0 20 0 22 0 11 0 119 4

1998 17 1 3 0 5 0 12 1 14 1 7 3 6 0 9 0 9 2 10 0 8 0 1 0 101 8

1999 0 0 0 0 8 0 8 0 5 1 5 1 10 1 9 0 6 0 9 0 11 0 7 0 78 3

Average 6 0 3 0 6 0 10 0 11 1 8 1 9 1 7 0 5 0 11 0 13 0 6 0 95 5

Telewani Year J F M A M J J A S O N D

1993 13 1 7 0 0 0 10 0 11 2 8 1 3 0 6 0 7 1 6 0 9 0 8 0 88 5

1994 0 0 3 1 3 0 18 1 18 5 12 2 7 0 11 0 4 0 12 1 18 0 7 0 113 10

1995 3 0 4 0 6 0 15 1 14 2 7 0 8 1 7 0 7 0 17 0 11 3 6 0 105 7

Average 5 0 5 0 3 0 14 1 14 3 9 1 6 0 8 0 6 0 12 0 13 1 7 0 102 7  
Kalalu Year J F M A M J J A S O N D

1986 2 0 1 0 5 0 16 4 10 0 12 1 7 1 7 1 7 1 3 0 7 0 5 1 82 9

1987 3 0 0 0 1 0 7 0 14 2 11 1 3 0 9 0 0 0 3 0 7 0 3 0 61 3

1988 1 0 0 0 6 0 16 2 5 1 6 0 13 2 9 0 13 0 10 0 10 0 6 0 95 5

1989 4 0 3 0 3 0 12 0 8 2 4 0 8 0 8 0 5 1 9 0 13 1 5 0 82 4

1990 2 0 6 1 11 3 11 1 3 1 4 0 6 0 10 0 7 0 7 0 10 1 5 0 82 7

1991 2 0 1 0 7 1 7 1 14 0 4 0 11 0 9 1 7 0 6 0 4 0 6 0 78 3

1992 2 0 0 0 3 0 10 1 6 1 7 0 9 0 7 1 7 0 8 0 5 0 10 1 74 4

1993 13 1 4 1 0 0 8 0 9 4 5 0 0 0 9 0 10 0 4 0 8 1 3 0 73 7

1994 0 0 4 0 2 0 17 2 15 0 9 0 6 1 8 1 1 1 9 0 16 1 6 0 93 6

1995 1 0 2 0 4 1 17 2 5 1 5 0 5 1 6 1 12 0 8 0 7 1 72 7

1996 0 0 0 0 5 0 1 0 9 0 13 1 7 1 11 1 2 0 5 1 9 1 2 0 64 5

1997 0 0 0 0 3 0 16 3 6 1 12 1 10 1 2 0 15 1 25 3 11 0 100 10

1998 18 2 2 0 4 0 8 0 11 2 7 2 6 0 6 0 11 0 6 0 7 0 2 0 88 6

1999 0 0 0 0 5 0 8 1 6 0 3 0 8 0 9 0 5 0 8 0 8 0 4 1 64 2

2000 0 0 0 0 1 0 6 0 10 0 4 1 4 1 9 0 3 0 12 0 6 0 3 0 58 2

2001 5 0 0 0 8 0 10 0 13 0 8 0 4 0 6 1 2 0 7 2 16 2 2 0 81 5

2002 3 0 0 0 8 0 7 0 10 0 5 0 3 1 4 0 5 0 14 0 7 0 12 0 78 1

Average 3 0 1 0 4 0 10 1 10 1 7 0 6 0 8 0 5 0 8 0 10 1 5 0 79 5

Matanya Year J F M A M J J A S O N D

1986 10 0 18 0 7 0 10 2 7 1 2 0 6 1 12 0 17 3 11 0 100 7

1987 5 0 3 0 8 0 17 0 6 1 8 1 1 1 2 0 5 0 7 0 14 4 7 3 83 10

1988 8 0 6 1 12 3 21 2 6 0 6 1 7 4 7 0 9 0 9 1 14 0 13 1 118 13

1989 5 1 5 1 7 0 11 0 5 1 0 0 9 1 5 1 7 0 13 1 19 3 11 0 97 9

1990 10 0 9 0 15 2 15 1 10 0 1 0 7 0 1 0 2 0 12 1 15 0 11 0 108 4

1991 3 0 4 0 8 1 12 1 6 0 11 2 3 0 10 0 0 0 14 0 15 2 8 0 94 6

1992 6 0 2 0 8 0 14 0 5 0 1 0 3 0 4 0 6 1 15 0 16 1 11 1 91 3

1993 15 2 6 2 7 0 9 0 10 0 6 0 1 0 4 0 2 0 8 0 18 0 8 0 94 4

1994 10 1 16 2 8 0 34 3

1995 3 0 5 0 9 2 15 1 9 1 5 0 4 1 2 0 5 1 13 0 12 1 13 2 95 9

1996 4 0 3 0 14 1 6 1 3 0 10 0 6 0 14 1 3 0 6 1 13 0 10 0 92 4

1997 2 0 0 0 6 0 19 0 5 1 5 0 7 1 5 0 3 0 15 0 20 1 13 2 100 5

1998 17 1 5 0 9 0 11 1 14 2 2 0 4 0 3 0 4 1 9 0 10 0 5 0 93 5

1999 5 0 3 0 14 1 9 1 1 0 1 0 3 0 5 1 3 0 6 0 18 1 6 0 74 4

2000 4 0 1 0 4 0 10 2 5 1 1 0 3 0 5 1 5 0 7 1 15 2 5 0 65 7

2001 9 1 3 0 13 1 10 1 3 0 5 1 2 1 4 0 7 0 12 3 18 0 6 0 92 8

Average 7 0 4 0 10 1 13 1 6 0 5 0 4 1 5 0 4 0 11 1 16 1 9 1 94 7

Sirima Year J F M A M J J A S O N D

1993 16 3 8 1 5 0 3 0 3 0 6 1 3 0 3 0 0 0 6 0 12 0 7 1 72 6

1994 1 1 3 0 10 0 16 2 5 0 7 1 3 1 6 0 1 0 10 0 17 1 8 0 87 6

1995 3 0 8 0 13 1 14 0 9 1 6 0 4 1 1 1 7 0 13 0 9 0 12 0 99 4

1996 5 0 6 1 13 1 7 0 4 0 14 1 9 0 8 0 5 0 8 0 15 1 7 0 101 4

1997 5 1 0 0 6 1 18 2 4 0 7 0 7 1 8 0 0 0 13 0 20 1 13 1 101 7

1998 17 2 4 1 13 0 10 1 13 2 2 0 59 6

Average 8 1 5 1 10 1 11 1 6 1 7 1 5 1 5 0 3 0 10 0 15 1 9 0 94 6

Mukogodo Year J F M A M J J A S O N D

1993 14 0 1 0 1 0 1 0 8 2 5 0 1 1 2 1 0 0 3 0 6 0 0 0 42 4

1994 0 0 3 0 3 0 7 1 6 2 5 0 5 1 5 0 1 0 6 0 9 0 4 0 54 4

1995 0 0 3 2 5 0 5 0 8 1 2 0 7 0 2 0 4 1 7 0 4 0 7 0 54 4

1996 3 0 1 0 4 0 0 0 7 1 12 0 5 1 5 0 0 0 1 0 6 0 2 0 46 2

1997 0 0 0 0 0 0 16 2 1 0 5 2 8 0 1 0 0 0 11 1 17 1 13 0 72 6

1998 12 1 2 1 1 0 4 0 9 3 1 0 2 1 4 0 0 0 2 0 6 1 0 0 43 7

1999 0 0 1 0 7 0 5 0 0 0 1 0 6 0 4 0 0 0 2 0 12 0 2 0 40 0

Average 4 0 2 0 3 0 5 0 6 1 4 0 5 1 3 0 1 0 5 0 9 0 4 0 50 4  
 

Tab. 6: Monthly and annual average number of rainfall events (left column) and number of events with I30 ≥ 25 mm/h (right column) 
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9. 5 Treatment Classes 

Crop Land: Agroforestry (Kalalu and Matanya), Bare (Kalalu, Matanya and Naro Moru Met, due to tillage), 

Deep and Reduced Tillage (Embori), Potato (Karuri), Local (Kalalu and Matanya), Microcatchment (Kalalu), 

Mulching (Kalalu and Matanya) 

Grass Land: Bare Open and Enclosed (Mukogodo), Controlled, Rotational and Over Grazing (Kalalu and 

Matanya), Perennial Open and Enclosed (Mukogodo) 

Natural Vegetation: Bush (Sirima), Forest (Naro Moru Met and Teleswani), Grass Typical (Karuri, Naro 

Moru Met and Teleswani) 

Runon: Runon (Mukogodo) 

9. 6 Regression Equations (Section 6. 2) 

Grass Land 
0 – 25 %:  Runoff [mm] = – 0.62 * Rainfall – 2.17  
26 – 50 %:  Runoff [mm] = – 0.48 * Rainfall – 3.10  
51 – 75 %:  Runoff [mm] = – 0.34 * Rainfall – 2.38  
76 – 100 %:  Runoff [mm] = – 0.20 * Rainfall – 1.72 
 
Crop Land 
0 – 25 %:  Runoff [mm] = – 0.28 * Rainfall – 2.21  
26 – 50 %:  Runoff [mm] = – 0.27 * Rainfall – 2.60  
51 – 75 %:  Runoff [mm] = – 0.17 * Rainfall – 1.51  
76 – 100 %:  Runoff [mm] = – 0.15 * Rainfall – 1.61  
 
Runon 
0 – 25 %:  Runoff [mm] = – 0.62 * Rainfall – 3.48  
26 – 50 %:  Runoff [mm] = – 0.15 * Rainfall – 0.54  
51 – 75 %:  Runoff [mm] = – 0.21 * Rainfall – 1.78  
 
Natural Vegetation 
0 – 25 %:  Runoff [mm] = – 0.01 * Rainfall – 0.02  
26 – 50 %:  Runoff [mm] = – 0.04 * Rainfall – 0.40  
51 – 75 %:  Runoff [mm] = – 0.02 * Rainfall – 0.10  
76 – 100 %:  Runoff [mm] = – 0.13 * Rainfall – 1.76  
 

9. 7 Regression Equations (Section 6. 6) 

9. 7. 1 NM Met 
Fig. 28 – Bare  
0 – 20 mm:  Runoff (% Rainfall) = – 0.18 * Ground Cover + 17.06    
21 – 50 mm:  Runoff (% Rainfall) = – 0.37 * Ground Cover + 19.26 
51 – 100 mm:   Runoff (% Rainfall) = 0.93 * Ground Cover + 89.33 
 
Fig. 28 – Forest 
0 – 20 mm:  Runoff (% Rainfall) = – 0.01 * Ground Cover – 0.58 
21 – 50 mm:  Runoff (% Rainfall) = – 0.03 * Ground Cover + 0.34 
51 – 100 mm:   Runoff (% Rainfall) = – 2.9 * Ground Cover + 294.96 
 
Fig. 28 – Grass Typical 
0 – 20 mm:  Runoff (% Rainfall) = – 0.01 * Ground Cover – 0.73 
21 – 50 mm:  Runoff (% Rainfall) = – 0.03 * Ground Cover – 2.25 
 
Fig. 29 – Bare  
0 – 25 %:  Runoff [mm] = 0.83 * Erosivity – 0.90     
26 – 50 %:  Runoff [mm] = 0.38 * Erosivity – 0.24     
 
Fig. 29 – Forest 
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51 – 75 %:  Runoff [mm] = 0.12 * Erosivity – 0.29 
76 – 100 %:  Runoff [mm] = 0.26 * Erosivity – 1.02 
 
Fig. 29 – Grass Typical 
76 – 100 %:  Runoff [mm] = 0.02 * Erosivity – 0.05 
 
Fig. 30 – Bare  
0 – 25 %:  Soil Loss [t/ha/event] = 0.17 * Erosivity – 0.41 
26 – 50 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity – 0.03 
 
Fig. 30 – Forest 
51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.00 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.01 
 
Fig. 30 – Grass Typical 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.00 

9. 7. 2 Karuri 
 
Fig. 32 – Grass Typical 
0 – 20 mm:  Runoff (% Rainfall) = – 0.02 * Ground Cover – 0.82 
21 – 50 mm:  Runoff (% Rainfall) = 0.11 * Ground Cover – 5.67 
51 – 100 mm:   Runoff (% Rainfall) = – 0.77 * Ground Cover + 79.47 
 
Fig. 32 – Potato 
0 – 20 mm:  Runoff (% Rainfall) = 0.01 * Ground Cover + 3.64 
21 – 50 mm:  Runoff (% Rainfall) = 0.00 * Ground Cover + 17.75 
51 – 100 mm:   Runoff (% Rainfall) = – 4.06 * Ground Cover + 352.45 
 
Fig. 33 – Grass Typical 
51 – 75 %:  Runoff [mm] = 0.00 * Erosivity + 0.07     
76 – 100 %:  Runoff [mm] = 0.12 * Erosivity – 0.30 
 
Fig. 33 – Potato 
0 – 25 %:  Runoff [mm] = 0.26 * Erosivity – 0.17 
26 – 50 %:  Runoff [mm] = 0.46 * Erosivity – 0.29 
51 – 75 %:  Runoff [mm] = 0.13 * Erosivity + 0.80    
76 – 100 %:  Runoff [mm] = 0.31 * Erosivity – 0.11     
 
Fig. 34 – Grass Typical  
51 – 75 %:  Soil Loss [t/ha/event] = – 4E–0.006* Erosivity + 0.00 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.00 
 
Fig. 34 – Potato 
0 – 25 %:  Soil Loss [t/ha/event] = 0.17 * Erosivity – 0.35 
26 – 50 %:  Soil Loss [t/ha/event] = 0.15 * Erosivity – 0.27 
51 – 75 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity + 0.07 
76 – 100 %:  Soil Loss [t/ha/event] = 0.04 * Erosivity – 0.06 

9. 7. 3 Embori 
 
Fig. 36 – Deep Tillage 
0 – 20 mm:  Runoff (% Rainfall) = – 0.31 * Ground Cover + 28.58 
21 – 50 mm:  Runoff (% Rainfall) = – 0.30 * Ground Cover + 23.40 
 
Fig. 36 – Reduced Tillage 
0 – 20 mm:  Runoff (% Rainfall) = – 0.31 * Ground Cover + 28.47 
21 – 50 mm:  Runoff (% Rainfall) = – 0.31 * Ground Cover + 28.95 
51 – 100 mm:   Runoff (% Rainfall) = 0.1 * Ground Cover – 3.75 
 
Fig. 37 – Deep Tillage 
0 – 25 %:  Runoff [mm] = 0.28 * Erosivity + 2.54 
26 – 50 %:  Runoff [mm] = 0.14 * Erosivity + 0.39 
51 – 75 %:  Runoff [mm] = 0.34 * Erosivity – 0.23     
76 – 100 %:  Runoff [mm] = 0.23 * Erosivity – 0.38 
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Fig. 37 – Reduced Tillage 
0 – 25 %:  Runoff [mm] = 0.30 * Erosivity + 2.89 
26 – 50 %:  Runoff [mm] = 0.23 * Erosivity + 0.34 
51 – 75 %:  Runoff [mm] = 0.27 * Erosivity – 0.17     
76 – 100 %:  Runoff [mm] = 0.08 * Erosivity + 0.27 
 
Fig. 38 – Deep Tillage 
0 – 25 %:  Soil Loss [t/ha/event] = 0.26 * Erosivity + 0.36 
26 – 50 %:  Soil Loss [t/ha/event] = 0.03 * Erosivity + 0.02 
51 – 75 %:  Soil Loss [t/ha/event] = 0.05 * Erosivity + 0.03 
76 – 100 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity – 0.01 
 
Fig. 38 – Reduced Tillage 
0 – 25 %:  Soil Loss [t/ha/event] = 0.18 * Erosivity + 0.20 
26 – 50 %:  Soil Loss [t/ha/event] = 0.10 * Erosivity – 0.08 
51 – 75 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity + 0.00 
76 – 100 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity + 0.01 

9. 7 .4 Teleswani 
 
Fig. 40 – Forest 
0 – 20 mm:  Runoff (% Rainfall) = – 0.01 * Ground Cover + 1.21 
21 – 50 mm:  Runoff (% Rainfall) = 0.01 * Ground Cover + 1.13 
 
Fig. 40 – Grass Typical 
0 – 20 mm:  Runoff (% Rainfall) = – 0.01 * Ground Cover + 0.51 
21 – 50 mm:  Runoff (% Rainfall) = 0.00 * Ground Cover + 0.05 
 
Fig. 41 – Forest 
0 – 25 %:  Runoff [mm] = 0.03 * Erosivity + 0.11 
26 – 50 %:  Runoff [mm] = 0.03 * Erosivity – 0.03 
51 – 75 %:  Runoff [mm] = 0.06 * Erosivity – 0.07     
76 – 100 %:  Runoff [mm] = 0.03 * Erosivity – 0.03 
 
Fig. 41 – Grass Typical 
51 – 75 %:  Runoff [mm] = 0.01 * Erosivity + 0.02     
76 – 100 %:  Runoff [mm] = 5.3E–005* Erosivity – 0.02 
 
Fig. 42 – Forest 
0 – 25 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.01 
26 – 50 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.00 
51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.00 
76 – 100 %:  Soil Loss [t/ha/event] = 6.3E–005 * Erosivity + 0.00 
 
Fig. 42 – Grass Typical 
51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.00 
76 – 100 %:  Soil Loss [t/ha/event] = 1.0E–005 * Erosivity + 0.00 

9. 7. 5 Kalalu 
 
Fig. 44 – Over Grazing 
0 – 20 mm:  Runoff (% Rainfall) = – 0.10 * Ground Cover + 16.88 
21 – 50 mm:  Runoff (% Rainfall) = 0.01 * Ground Cover + 36.26 
51 – 100 mm:   Runoff (% Rainfall) = – 0.1 * Ground Cover + 58.98 
 
Fig. 44 – Controlled Grazing 
0 – 20 mm:  Runoff (% Rainfall) = – 0.05 * Ground Cover + 6.36 
21 – 50 mm:  Runoff (% Rainfall) = 0.28 * Ground Cover + 32.73 
51 – 100 mm:   Runoff (% Rainfall) = 0.65 * Ground Cover + 77.32 
 
Fig. 44 – Rotational Grazing 
0 – 20 mm:  Runoff (% Rainfall) = 0.01 * Ground Cover + 1.47 
21 – 50 mm:  Runoff (% Rainfall) = – 0.23 * Ground Cover + 26.59 
51 – 100 mm:   Runoff (% Rainfall) = – 1.5 * Ground Cover + 149.10 
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Fig. 44 – Local 
0 – 20 mm:  Runoff (% Rainfall) = – 0.00 * Ground Cover + 0.99 
21 – 50 mm:  Runoff (% Rainfall) = – 0.04 * Ground Cover + 12.18 
51 – 100 mm:   Runoff (% Rainfall) = – 0.06 * Ground Cover + 32.71 
 
Fig. 44 – Mulching 
21 – 50 mm: Runoff (% Rainfall) = – 0.16 * Ground Cover + 14.65 
51 – 100 mm:   Runoff (% Rainfall) = – 1.0 * Ground Cover + 93.65 
 
Fig. 44 – Agroforestry 
0 – 20 mm:  Runoff (% Rainfall) = – 0.01 * Ground Cover + 0.53 
21 – 50 mm:  Runoff (% Rainfall) = 0.02 * Ground Cover – 0.05 
51 – 100 mm:   Runoff (% Rainfall) = 0.17 * Ground Cover – 5.90 
 
Fig. 44 – Bare 
0 – 20 mm:  Runoff (% Rainfall) = – 0.27 * Ground Cover + 13.43 
21 – 50 mm:  Runoff (% Rainfall) = 0.60 * Ground Cover + 38.75 
 
Fig. 44 – Microcatchment 
0 – 20 mm:  Runoff (% Rainfall) = – 0.01 * Ground Cover + 1.36 
21 – 50 mm:  Runoff (% Rainfall) = – 0.36 * Ground Cover + 36.71 
51 – 100 mm:   Runoff (% Rainfall) = 1.3 * Ground Cover – 77.13 
 
Fig. 44 – Ridging 
0 – 20 mm:  Runoff (% Rainfall) = 0.00 * Ground Cover + 0.13 
21 – 50 mm:  Runoff (% Rainfall) = – 0.11 * Ground Cover + 7.22 
51 – 100 mm:   Runoff (% Rainfall) = – 0.58 * Ground Cover + 43.77 
 
Fig. 45 – Over Grazing 
0 – 25 %:  Runoff [mm] = 0.77 * Erosivity – 0.07 
26 – 50 %:  Runoff [mm] = 0.42 * Erosivity + 1.15 
51 – 75 %:  Runoff [mm] = 0.59 * Erosivity + 0.68     
76 – 100 %:  Runoff [mm] = 0.56 * Erosivity + 0.16 
 
Fig. 45 – Controlled Grazing 
0 – 25 %:  Runoff [mm] = 0.46 * Erosivity – 0.57 
26 – 50 %:  Runoff [mm] = 0.01 * Erosivity + 0.33 
51 – 75 %:  Runoff [mm] = 0.32 * Erosivity – 0.36     
76 – 100 %:  Runoff [mm] = 0.18 * Erosivity – 0.31 
 
Fig. 45 – Rotational Grazing 
51 – 75 %:  Runoff [mm] = 0.19 * Erosivity – 0.34     
76 – 100 %:  Runoff [mm] = 0.07 * Erosivity + 0.03 
 
Fig. 45 – Local 
0 – 25 %:  Runoff [mm] = 0.21 * Erosivity – 0.75 
26 – 50 %:  Runoff [mm] = 0.24 * Erosivity – 0.64 
51 – 75 %:  Runoff [mm] = 0.18 * Erosivity – 0.00     
76 – 100 %:  Runoff [mm] = 0.33 * Erosivity – 0.75 
 
Fig. 45 – Mulching 
26 – 50 %:  Runoff [mm] = 0.29 * Erosivity – 1.15    
76 – 100 %:  Runoff [mm] = 0.01 * Erosivity + 0.00 
 
Fig. 45 – Agroforestry 
26 – 50 %:  Runoff [mm] = 0.02 * Erosivity – 0.07 
51 – 75 %:  Runoff [mm] = 0.02 * Erosivity – 0.03     
76 – 100 %:  Runoff [mm] = 0.07 * Erosivity – 0.17 
 
Fig. 45 – Bare (former MC) 
0 – 25 %:  Runoff [mm] = 0.33 * Erosivity + 2.0 
26 – 50 %:  Runoff [mm] = 0.57 * Erosivity – 1.57 
 
Fig. 45 – Microcatchment 
0 – 25 %:  Runoff [mm] = 0.02 * Erosivity + 0.38 
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26 – 50 %:  Runoff [mm] = 0.57 * Erosivity – 0.87 
51 – 75 %:  Runoff [mm] = 0.10 * Erosivity + 0.33     
76 – 100 %:  Runoff [mm] = 0.36 * Erosivity – 1.17 
 
Fig. 45 – Ridging 
26 – 50 %:  Runoff [mm] = 0.07 * Erosivity + 0.14 
51 – 75 %:  Runoff [mm] = 0.04 * Erosivity – 0.13  
 
Fig. 46 – Over Grazing 
0 – 25 %:  Soil Loss [t/ha/event] = 0.13 * Erosivity – 0.09 
26 – 50 %:  Soil Loss [t/ha/event] = 0.10 * Erosivity + 0.05 
51 – 75 %:  Soil Loss [t/ha/event] = 0.04 * Erosivity + 0.09 
76 – 100 %:  Soil Loss [t/ha/event] = 0.02 * Erosivity – 0.01 
 
Fig. 46 – Controlled Grazing 
0 – 25 %:  Soil Loss [t/ha/event] = 0.04 * Erosivity – 0.05 
51 – 75 %:  Soil Loss [t/ha/event] = 0.06 * Erosivity – 0.30 
76 – 100 %:  Soil Loss [t/ha/event] = 0.03 * Erosivity – 0.08 
 
Fig. 46 – Rotational Grazing 
51 – 75 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity – 0.02 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.00 
 
Fig. 46 – Local 
0 – 25 %:  Soil Loss [t/ha/event] = 0.17 * Erosivity – 0.03 
26 – 50 %:  Soil Loss [t/ha/event] = 0.03 * Erosivity – 0.03 
51 – 75 %:  Soil Loss [t/ha/event] = 0.06 * Erosivity – 0.15 
76 – 100 %:  Soil Loss [t/ha/event] = 0.15 * Erosivity + 0.43 
 
Fig. 46 – Mulching 
26 – 50 %:  Soil Loss [t/ha/event] = 0.08 * Erosivity – 0.37 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.00 
 
Fig. 46 – Agroforestry 
51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.02 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.00 
 
Fig. 46 – Bare (former MC) 
0 – 25 %:  Soil Loss [t/ha/event] = 0.09 * Erosivity + 0.07 
26 – 50 %:  Soil Loss [t/ha/event] = 0.22 * Erosivity – 0.60 
 
Fig. 46 – Microcatchment 
0 – 25 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity + 0.08 
26 – 50 %:  Soil Loss [t/ha/event] = 0.05 * Erosivity – 0.03 
51 – 75 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity – 0.02 
76 – 100 %:  Soil Loss [t/ha/event] = 0.02 * Erosivity – 0.03 
 
Fig. 46 – Ridging 
0 – 25 %:  Soil Loss [t/ha/event] = 0.17 * Erosivity – 1.10 
26 – 50 %:  Soil Loss [t/ha/event] = 0.02 * Erosivity – 0.00 
51 – 75 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity – 0.02 

9. 7 .6 Matanya 
 
Fig. 48 – Over Grazing 
0 – 20 mm:  Runoff (% Rainfall) = – 0.32 * Ground Cover + 34.75 
21 – 50 mm:  Runoff (% Rainfall) = – 0.60 * Ground Cover + 83.99 
 
Fig. 48 – Controlled Grazing 
0 – 20 mm:  Runoff (% Rainfall) = – 0.00 * Ground Cover + 1.28 
21 – 50 mm:  Runoff (% Rainfall) = – 0.26 * Ground Cover + 25.33 
 
Fig. 48 – Rotational Grazing 
0 – 20 mm:  Runoff (% Rainfall) = – 0.01 * Ground Cover + 1.73 
21 – 50 mm:  Runoff (% Rainfall) = – 0.01 * Ground Cover + 6.65 
Fig. 48 – Local 
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0 – 20 mm:  Runoff (% Rainfall) = – 0.04 * Ground Cover + 4.00 
21 – 50 mm:  Runoff (% Rainfall) = – 0.22 * Ground Cover + 25.31 
 
Fig. 48 – Microcatchment 
21 – 50 mm:  Runoff (% Rainfall) = – 0.54 * Ground Cover + 38.55 
 
Fig. 48 – Mulching 
21 – 50 mm:  Runoff (% Rainfall) = – 0.00 * Ground Cover + 1.15 
 
Fig. 48 – Agroforestry 
0 – 20 mm:  Runoff (% Rainfall) = – 0.06 * Ground Cover + 5.16 
21 – 50 mm:  Runoff (% Rainfall) = – 0.41 * Ground Cover + 37.8 
 
Fig. 49 – Over Grazing 
51 – 75 %:  Runoff [mm] = 0.60 * Erosivity + 1.00 
76 – 100 %:  Runoff [mm] = 0.57 * Erosivity + 0.20   
 
Fig. 49 – Controlled Grazing 
26 – 50 %:  Runoff [mm] = 0.07 * Erosivity – 0.09 
51 – 75 %:  Runoff [mm] = 0.21 * Erosivity – 0.65     
76 – 100 %:  Runoff [mm] = 0.03 * Erosivity – 0.07 
 
Fig. 49 – Rotational Grazing 
26 – 50 %:  Runoff [mm] = 0.02 * Erosivity – 0.06 
51 – 75 %:  Runoff [mm] = 0.10 * Erosivity + 0.03     
76 – 100 %:  Runoff [mm] = 0.10 * Erosivity – 0.30 
 
Fig. 49 – Local 
0 – 25 %:  Runoff [mm] = 0.29 * Erosivity – 0.92 
26 – 50 %:  Runoff [mm] = 0.43 * Erosivity – 0.87 
51 – 75 %: Runoff [mm] = 0.32 * Erosivity – 1.01  
 
Fig. 49 – Mulching 
51 – 75 %:  Runoff [mm] = 0.09 * Erosivity – 0.36     
76 – 100 %:  Runoff [mm] = 0.01 * Erosivity – 0.05 
 
Fig. 49 – Agroforestry 
26 – 50 %:  Runoff [mm] = 0.30 * Erosivity – 0.91 
51 – 75 %:  Runoff [mm] = 0.21 * Erosivity – 0.92     
76 – 100 %:  Runoff [mm] = 0.14 * Erosivity – 0.44 
 
Fig. 50 – Over Grazing 
26 – 50 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity + 0.00 
51 – 75 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity + 0.03 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.00 
 
Fig. 50 – Controlled Grazing 
26 – 50 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.01 
51 – 75 %:  Soil Loss [t/ha/event] = 0.02 * Erosivity – 0.01 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.00 
 
Fig. 50 – Rotational Grazing 
26 – 50 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.00 
51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.01 
76 – 100 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity – 0.02   
 
Fig. 50 – Local 
0 – 25 %:  Soil Loss [t/ha/event] = 0.11 * Erosivity – 0.37 
26 – 50 %:  Soil Loss [t/ha/event] = 0.09 * Erosivity – 0.16 
51 – 75 %:  Soil Loss [t/ha/event] = 0.03 * Erosivity – 0.12 
 
Fig. 50 – Mulching 
51 – 75 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity + 0.05 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.01 
 
Fig. 50 – Agroforestry 
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26 – 50 %:  Soil Loss [t/ha/event] = 0.03 * Erosivity – 0.09  
51 – 75 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity – 0.06 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.02 

9. 7 .7 Sirima  
 
Fig. 52 – Bush 
0 – 20 mm:  Runoff (% Rainfall) = 0.04 * Ground Cover – 0.01 
21 – 50 mm:  Runoff (% Rainfall) = 0.30 * Ground Cover – 10.80 
51 – 100 mm:   Runoff (% Rainfall) = 0.53 * Ground Cover – 10.2 
 
Fig. 52 – Intercrops 
0 – 20 mm:  Runoff (% Rainfall) = – 0.02 * Ground Cover + 1.78 
21 – 50 mm:  Runoff (% Rainfall) = – 0.01 * Ground Cover + 3.71 
51 – 100 mm:   Runoff (% Rainfall) = 0.15 * Ground Cover + 18.45 
 
Fig. 52 – Over Grazing 
0 – 20 mm:  Runoff (% Rainfall) = 0.02 * Ground Cover + 2.62 
21 – 50 mm:  Runoff (% Rainfall) = – 0.02 * Ground Cover + 7.10 
51 – 100 mm:   Runoff (% Rainfall) = 0.70 * Ground Cover + 20.36 
 
Fig. 53 – Bush 
26 – 50 %:  Runoff [mm] = 0.05 * Erosivity + 0.11 
51 – 75 %:  Runoff [mm] = 0.03 * Erosivity + 0.42 
76 – 100 %:  Runoff [mm] = 0.22 * Erosivity + 0.51     
 
Fig. 53 – Intercrops 
0 – 25 %:  Runoff [mm] = 0.08 * Erosivity – 0.12 
26 – 50 %:  Runoff [mm] = 0.33 * Erosivity + 1.34 
51 – 75 %:  Runoff [mm] = 0.02 * Erosivity + 0.08     
76 – 100 %:  Runoff [mm] = 0.16 * Erosivity + 0.15 
 
Fig. 53 – Over Grazing 
0 – 25 %:  Runoff [mm] = 0.07 * Erosivity + 0.50 
26 – 50 %:  Runoff [mm] = 0.32 * Erosivity – 1.31 
51 – 75 %:  Runoff [mm] = 0.06 * Erosivity + 0.12     
76 – 100 %:  Runoff [mm] = 0.05 * Erosivity + 0.15 
 
Fig. 54 – Bush 
26 – 50 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.01 
51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.01 
76 – 100 %:  Soil Loss [t/ha/event] = 0.02 * Erosivity – 0.00 
 
Fig. 54 – Intercrops 
0 – 25 %:  Soil Loss [t/ha/event] = 0.04 * Erosivity – 0.20 
26 – 50 %:  Soil Loss [t/ha/event] = 0.07 * Erosivity – 0.32 
51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.00 
76 – 100 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity + 0.01 
 
Fig. 54 – Over Grazing 
0 – 25 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity + 0.03 
26 – 50 %:  Soil Loss [t/ha/event] = 0.02 * Erosivity – 0.04 
51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.00 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.03 

9. 7. 8 Mukogodo 
 
Fig. 56 – Bare Open 
0 – 20 mm:  Runoff (% Rainfall) = – 0.34 * Ground Cover + 36.11 
21 – 50 mm:  Runoff (% Rainfall) = – 0.70 * Ground Cover + 65.36 
 
Fig. 56 – Bare Enclosed 
0 – 20 mm:  Runoff (% Rainfall) = – 0.48 * Ground Cover + 39.10 
21 – 50 mm:  Runoff (% Rainfall) = – 0.42 * Ground Cover + 63.74 
Fig. 56 – Perennial Open 
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0 – 20 mm:  Runoff (% Rainfall) = – 0.15 * Ground Cover + 25.96 
21 – 50 mm:  Runoff (% Rainfall) = – 0.33 * Ground Cover + 61.48 
 
Fig. 56 – Perennial Enclosed 
0 – 20 mm:  Runoff (% Rainfall) = – 0.02 * Ground Cover + 3.61 
21 – 50 mm:  Runoff (% Rainfall) = – 0.38 * Ground Cover + 30.29 
 
Fig. 56 – Runon 
0 – 20 mm:  Runoff (% Rainfall) = – 0.19 * Ground Cover + 15.55 
21 – 50 mm:  Runoff (% Rainfall) = – 0.86 * Ground Cover + 56.66 
 
Fig. 57 – Bare Open 
0 – 25 %:  Runoff [mm] = 0.74 * Erosivity + 2.10 
26 – 50 %:  Runoff [mm] = 0.58 * Erosivity + 2.10 
51 – 75 %:  Runoff [mm] = 0.20 * Erosivity + 0.06     
76 – 100 %:  Runoff [mm] = 0.00 * Erosivity + 1.18 
 
Fig. 57 – Bare Enclosed 
0 – 25 %:  Runoff [mm] = 0.82 * Erosivity + 2.13 
26 – 50 %:  Runoff [mm] = 0.52 * Erosivity + 0.03 
51 – 75 %:  Runoff [mm] = 0.38 * Erosivity + 1.68     
76 – 100 %:  Runoff [mm] = 1.13 * Erosivity + 1.18 
 
Fig. 57 – Perennial Open 
0 – 25 %:  Runoff [mm] = 0.75 * Erosivity + 1.16 
26 – 50 %:  Runoff [mm] = 0.62 * Erosivity + 1.75 
51 – 75 %:  Runoff [mm] = 0.46 * Erosivity + 0.21     
76 – 100 %:  Runoff [mm] = 0.33 * Erosivity + 0.78 
 
Fig. 57 – Perennial Enclosed 
0 – 25 %:  Runoff [mm] = 0.48 * Erosivity – 0.58 
26 – 50 %:  Runoff [mm] = 0.23 * Erosivity – 0.25 
51 – 75 %:  Runoff [mm] = 0.08 * Erosivity + 0.38     
76 – 100 %:  Runoff [mm] = 0.01 * Erosivity + 0.01 
 
Fig. 57 – Runon 
0 – 25 %:  Runoff [mm] = 0.76 * Erosivity – 0.07 
26 – 50 %:  Runoff [mm] = 0.20 * Erosivity – 0.00 
51 – 75 %:  Runoff [mm] = 0.43 * Erosivity – 0.33 
 
Fig. 58 – Bare Open 
0 – 25 %:  Soil Loss [t/ha/event] = 0.17 * Erosivity + 0.34 
26 – 50 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity + 0.10 
51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.00 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.01 
 
Fig. 58 – Bare Enclosed 
0 – 25 %:  Soil Loss [t/ha/event] = 0.13 * Erosivity + 0.15 
26 – 50 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.00 
51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.03 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.00 
 
Fig. 58 – Perennial Open 
0 – 25 %:  Soil Loss [t/ha/event] = 0.14 * Erosivity + 0.02 
26 – 50 %:  Soil Loss [t/ha/event] = 0.06 * Erosivity + 0.38 
51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.00 
76 – 100 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.00 
 
Fig. 58 – Perennial Enclosed 
0 – 25 %:  Soil Loss [t/ha/event] = 0.05 * Erosivity – 0.09 
26 – 50 %:  Soil Loss [t/ha/event] = 0.01 * Erosivity – 0.02 
51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.03 
 
Fig. 58 – Runon 
0 – 25 %:  Soil Loss [t/ha/event] = 0.05 * Erosivity – 0.03 
26 – 50 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity + 0.04 
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51 – 75 %:  Soil Loss [t/ha/event] = 0.00 * Erosivity – 0.00 
 
 
 
 
 
     
 

 
 

 

 

 

 

 

 

 


