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Abstract 

Farmers living in the Kenyan highlands are exposed to the risk of being affected by landslides and 

they are vulnerable because of lack of resources. Vulnerability can be reduced by increasing 

knowledge and awareness of the risk. This thesis aims to increase knowledge of landslide-related 

problems. The first objective is to investigate topsoil development and to assess land cover changes 

in landslide scars over time (paper I). Topsoil samples were taken in previously investigated landslide 

scars, and analysed for chemical and physical characteristics. The results show that soil has recovered 

well during the 20-30 years that have passed. However, there are still higher levels of total soil 

organic carbon in reference topsoil than in scar topsoil. The short time for plants to produce organic 

material, in combination with low pH, which inhibits decomposing microorganisms, may be the 

explanation for this. Previous research, including photographs of the landslide scars, forms the basis 

for comparison over time regarding land cover changes. The results show changes in land cover 

where forests have been replaced by cultivated land and thereafter by plantations of Eucalyptus sp. 

trees or cultivation. Secondly, this study investigates the applicability of GIS-based analysis for 

landslide assessments in this part of the World (paper II). Commonly used data were collected and 

analysed in ArcGis 10.0. Documentation and field measurements from historical landslides were used 

as reference. The results show that (1) much information was unavailable, (2) the resolution of the 

Digital Elevation Model (DEM; 30 m) was too coarse to capture relevant morphometric terrain 

parameters and (3) land use changes were difficult to map because of low quality historical air 

photos, and because of lack of information about the precise timing of landslide events. Hence, 

landslide prone areas could not be recognised. However, we could with reasonable certainty identify 

sensitive conditions: landslides are most likely to occur in slopes with a gradient of 25° or more, 

within 80 m from roads, and during the rainy seasons. 
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SAMMANFATTNING 

Endogena och exogena krafter påverkar varaktigt vårt jordklot och geografiska förhållanden avgör 

vilken typ av förändring som kan komma att ske. Extrema naturhändelser som påverkar människor 

negativt kallas naturkatastrofer. I bergig terräng kan massrörelser äga rum och i den här studien 

behandlas en typ av massrörelse, jordskred. Jordskred sker över hela jorden och beror på försvagade 

mothållande krafter i förhållande till den gravitation som påverkar material i sluttningar. De 

vanligaste utlösande faktorerna är jordbävningar eller långvarig nederbörd som gör jorden 

vattenmättad, vilket leder till minskad skjuvhållfasthet. 

En ökad befolkning på jorden ökar kravet på matproduktion vilket har lett till att sluttningar i perifera 

områden har börjat utnyttjas för odling. Detta gäller i allra högsta grad i utvecklingsländer, där 

befolkningen i flera fall har dubblerats på kort tid. På grund av begränsade ekonomiska tillgångar, på 

allt från nationell till individuell nivå, påverkas människor i dessa områden hårt om en naturkatastrof 

inträffar. De har ofta svårt att hantera situationen, att anpassa sig till densamma eller att återhämta 

sig efteråt vilket gör dessa människor sårbara. Människors sårbarhet kan minskas bland annat genom 

ökad kunskap, eller genom att öka utsattas medvetenhet om de faror de exponeras för. Det 

övergripande syftet med den här studien är därför att öka kunskapen kring jordskredsrelaterade 

problem i ett tätbefolkat tropiskt höglandsområde. 

Studieområdet är beläget strax söder om ekvatorn i de centrala delarna av Kenya i den sydöstra 

delen av Aberdare Range. Området, som omfattar delar av Muranga och Nyeri Counties, 

karaktäriseras av ett undulerande landskap med korta, branta sluttningar som på grund av sina 

produktiva jordar dessutom är tätbefolkade. Sluttningarna i området bär spår av historiska såväl som 

nutida jordskredsärr. 

Artikel 1: För att öka kunskapen kring förändringar i marken efter att ett jordskred skett i området 

undersöks i den här studien hur återhämtningen i marken skett över längre tid tid, sett ur ett 

jordbruksperspektiv. Dessutom har marktäckningen i skreden dokumenteras. Studien skall ge svar på 

följande frågor (1) Hur ser återhämtningen ut i jordar i området efter att ett jordskred skett? (2) Hur 

har marktäckningen förändrats i skredärren över tid? För att undersöka jordens beskaffenhet togs 

jordprover i sju jordskredsärr och i anslutande omgivande mark. Kemiska och fysiska parametrar 

analyserades i laboratorium i Nairobi. Resultaten jämfördes med resultat från tidigare 

undersökningar i samma skredärr gjorda på 1980- och 1990-talet. Resultaten visar på en varierande 

positiv och negativ utveckling över tid. Jämfört med referensvärden från omgivande mark är dock 

skillnaderna efter > 20 år små, utom vad gäller organiskt kol som fortfarande visar lägre värden i 

skreden än i omgivande mark. Samtal med jordskredsdrabbade bönder i området i februari 2013, 

litteraturstudier och dokumentation i form av fotografier har gett en bild av hur marktäckningen och 

vegetationsutvecklingen i skredärren har sett ut över tid. Resultaten visar att markanvändningen har 

förändrats och att skogsmark ersatts av odlingsmark och därefter återigen planterats med, till stor 

del, eukalyptusträd. Studien bidrar med ökad kunskap om hur mark i området återhämtar sig efter 

att ett jordskred skett och hur marktäckningen förändrats över tid.  

Artikel 2: I andra delar av världen har kartor utformats för att visualisera skredkänsliga områden med 

hjälp av GIS. I Kenya är användningen av GIS fortfarande begränsad, då verktyget är dyrt och kräver 

data av hög kvalitet. I den här studien undersöks i vilken omfattning GIS är möjligt att använda för 

bedömning av skredrisk i ett tropiskt höglandsområde. Frågan är om relevanta data finns att tillgå 
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och om data är av tillräckligt hög kvalité för att göra en tillförlitlig analys? Eller kan man på andra sätt 

identifiera de viktigaste orsakerna till jordskred och därmed medvetandegöra människor om riskabla 

faktorer? Parametrar som ofta använts i tidigare utförda undersökningar antogs även i denna studie. 

Data insamlades, dels från myndigheter i Kenya, dels genom fältarbete och dels från kommersiella 

företag. Vi har erhållit och arbetat med följande data; (1) en digital höjdmodell ( 30 m upplösning), 

(2) Google Earth (högupplösta bilder från Digital Globe, 2012), (3) nederbördsdata, (4) flygfoton från 

1959, (5) beskrivningar från historiska jordskred från vetenskapliga artiklar, (6) fältobservationer och 

(7) samtal med bönder och jordbrukskunnig personal från distriktet. 

Datahanteringen och analyserna genomfördes i ArcGis 10.0. Beräkning av morfometriska faktorer 

som sluttningsvinklar, sluttningsriktningar, sluttningars konvexitet och konkavitet utfördes med hjälp 

av höjdmodellen. Markanvändning, vägar och vattendrag karterades i Google Earth och satellitbilder 

från 2012. Dessutom karterades skog i ett begränsat område utifrån flygbilder från 1959. Avstånden 

mellan befintliga skredärr och vägar och vattendrag uppmättes i satellitbilden, varvid en bedömning 

också gjordes av huruvida skreden troligen var orsakade av väg- eller vattendragsrelaterade faktorer. 

Analyserna jämfördes med uppmätta värden från 36 tidigare dokumenterade skred i området. 

Jämförelsen visade att höjdmodellen inte var tillräckligt noggrann för att fånga de branta sluttningar, 

sluttningsriktningar och konkaviteter som de flesta gamla skred utbildats i. Avsaknaden av 

information om när avskogningen skett och när de gamla skreden ägt rum gör att det inte heller går 

att använda markanvändningsförändringar som en parameter i vidare analyser av känsliga områden. 

Utifrån parametrar som kunde karteras i satellitbilder och med hjälp av information som samlades in 

under fältarbetet kan vi visa att jordskred i undersökningsområdet mest sannolikt sker under 

regnperioderna på sluttningar med en lutning på ≥ 25°, och som ligger nära en väg. Resultaten ökar 

dels medvetenheten kring datakvalitet vid analys av jordskredskänsliga områden i tropiska 

högländer, dels kunskapen om under vilka förhållanden skred kan ske. 
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INTRODUCTION 

Background 

Earth´s surface is changing through both endogenous and exogenous forces, causing movements in 

the earth´s crust and on its surface. Along plate boundaries people can be exposed to earthquakes or 

volcanic activity, people who live near the coast may be exposed to floods or tsunamis, and people 

who live in mountainous regions may be affected by mass movements. Mass movements occur 

naturally in all parts of the world and are termed differently depending on factors such as material 

composition and speed of movement (Hutchinson 1988). Crozier (1986 p.6) defines mass movements 

as “the outward or downward gravitational movement of earth material without the aid of running 

water as a transportational agent”. When the shear stress, caused by gravitation, becomes greater 

than the shear strength, the sum of resisting forces, material begins to move downwards (Roy et al. 

2006). This requires that land slopes and that a moveable material is available. Landslides are a type 

of mass movement defined as “downward and outward movement of slope-forming materials 

composed of natural rock, soils, artificial fills or combinations of these materials” (Varnes 1958 p.20). 

This is today the most accepted definition and therefore adopted in this thesis. Varnes (1978) 

changed the term landslide to slope movement and created a classification based on parent 

materials (Table 1). Slides (Figure 1) are characterised by the shape of the sliding surface and the 

degree of cohesion in the sliding material. Rotational slides (slumps) move along a concave-up, 

curved slip surface, typically developed in deep, cohesive soils. Unlike rotational slides, translational 

landslides move along a relatively planar surface, for instance the boundary within regolith layers. 

Table 1. Modified and abbreviated classification of slope movements by Varnes (1978). 

 

 
Figure 1. Translational and rotational landslides. Modified after Potter (2007). 
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Slope movement impact and human vulnerability 

As the population on Earth continues to increase, more land is colonized. Therefore, previously 

rejected areas are being occupied. This applies for instance to steep slopes that have been rejected 

because of the difficulty to colonize and cultivate. In the East African highlands soil erosion has 

become a problem on these steep slopes (Rowntree 1989, Davies 1992, Westerberg 1999), and 

intense rainfall and deforestation are factors that can activate landslides (Malmström 1997). The 

habitation and cultivation of steep terrain expose people to higher risk of being affected by 

landslides.  

Wisner et al. (2005) argue that people are exposed to various types of natural disasters and in 

various ways depending on where they live, how they live and how they make their living. Landslides 

can affect humans in several ways: lives can be lost, houses and other buildings can be destroyed, 

fertile land can disappear, crops may be ruined, the economy may be affected, and water can 

become undrinkable. Each of these examples can be devastating, and in combination they are even 

worse. In highly developed societies there is an access to financial resources, and basic research and 

strategies have been developed for handling emergencies. Much research has been conducted and 

knowledge about landslide processes has thus increased. This knowledge can be applied to research 

on landslides in less investigated areas where the population is often especially vulnerable because 

of lack of resources.  

There are several attempts to define vulnerability (Cutter 1996). Wisner et al. (2005 p.11) define the 

term as “the characteristics of a person or a group in term of their capacity to anticipate, cope with, 

resist and recover from the impact of a natural hazard”. Inherent in the concept is thus knowledge; 

on the processes, and on preventive, adaptative and mitigative strategies. However, it is not just the 

lack of knowledge and economy that determines degree of vulnerability. Other variables that affect 

vulnerability include gender, age, ethnicity, health status and access to a social network (Wisner et al. 

2005). Human beings who are impacted from natural hazards have to develop different strategies to 

cope with them. Fact is that farmers in the Kenyan highlands are affected by landslides and they have 

to have strategies to cope with the consequences. During interviews in February 2013 many farmers 

reported that the soil in landslide scars still seems poorer than it was before the landslides occurred 

(Nylund et al., unpublished). In their view, crops are of inferior quality and the harvest is poorer in 

the scars than in the surrounding farmland. Low harvests affect farmers negatively because of their 

limited resources and soil quality influences agricultural yields and by extension economy (Scherr 

1999). 

Recovery in topsoil 

As a consequence of disturbance, either by natural processes like mass movements or by human 

activities like cultivation, the normal pattern and function of the soil change (Godron and Forman 

1983). As the weathering immediately starts in the exposed subsoil, the chemical and physical 

characteristics of the soil change as part of a natural recovery phase, controlled by floral and faunal 

activities together with climate and its influence on weathering and continued disturbance (Seybold 

et al. 1999). Soil recovery is twofold, in rate and in degree of recovery (Herrick and Wander 1998). 

Soil recovery rate is measured as the time within which the soil has reached its original state or has 

stabilized at a lower potential. The degree of recovery is defined as the stabilized potential relative to 
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the state before the disturbance. Major disturbances may make the soil recovery slow and the soil 

can undergo irreversible degradation, i.e. the degree of recovery is low.  

Few studies have been conducted on textural and chemical changes in topsoils in the tropics, and 

those that have been made have focused on surface erosion- induced loss of land productivity 

(Blaschke et al. 2000). Furthermore, there is a gap in research regarding “the subject of mass 

movements as a cause of lost land productivity” (Blaschke et al. 2000 p.26). Some notable examples, 

however, are studies in Puerto Rico (Zarin and Johnson 1995; Walker et al. 1996), Nepal Himalaya 

(Singh et al. 2000), Tanzania (Lundgren 1978; Westerberg and Christiansson 1999), and Kenya 

(Westerberg 1999). An investigation conducted in temperate New Zealand by Rosser and Ross (2011) 

aimed to investigate grass production on landslide affected sites during a 25 year long period. The 

study showed that carbon (C) and nitrogen (N) slowly increased but also that magnesium (Mg), 

sodium (Na) and pH decreased with time after a landslide. Another investigation made in New 

Zealand by Lambert et al. (1984), with the aim to show the effect by soil slip erosion, confirmed 

increased levels of C and N over time after soil erosion events. In a study in Tanzania (Lundgren 

1978), chemical and physical changes in soil in landslide scars were investigated and the result 

showed that topsoil development in landslide scars can be a slow process. Lundgren´s (1978) 

investigation showed increasing levels of C and available potassium (K) over time, but also decreasing 

clay content in the soil. This investigation continued for seven years and during that time other 

parameters, such as available phosphorus (P), pH and bulk density, showed weak changes in the 

topsoil. 

Landslide susceptibility analysis as a tool to reduce vulnerability 

By linking data, we get a better view of the conditions that exist in a certain place at a certain time. 

GIS (geographic information system) is a tool for combining data layers and making it possible to do 

geographical analysis, which can be presented as designed maps (Heywood et al. 2011). Risk or 

susceptibility maps are created in many countries with similar conditions as those in the Kenyan 

highlands, for example in Malaysia and in Brazil. Attempts to implement GIS in Kenya to manage 

issues with landslides have been made during the past years (Kipchumba 2011). In countries, like 

Kenya, however, which lack resources and suffer from rain-induced landslides a better method to 

reduce vulnerability may be to produce general information about hazards (Glade et al. 2005).  

Aim 

The overall objective of this thesis is to increase knowledge about landslide-related problems in the 

Kenyan highlands. 

Firstly, the thesis aims to increase knowledge about topsoil recovery and assess changes in land 

cover in landslide scars (paper I).  

Secondly, the thesis aims to explore the possibilities to carry out GIS- based landslide susceptibility 

assessments in the study area (paper II).   
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Study area  

Landslide events are common in the Central highlands of Kenya, especially during the two rainy 

seasons. The highlands are densely populated because of fertile soils and favourable climate for 

cultivation (Westerberg 1999), and tea and coffee are the most widely grown crops. The research 

area is situated, north of Nairobi (Figure 2) at the eastern flank of the Aberdare Range, and is part of 

two counties, Muranga and Nyeri. 

The bedrock is of volcanic origin originating from the development of the Great Rift Valley during the 

Tertiary period (Thompson 1964). The Aberdare Range has since been exposed to erosive forces 

resulting in a hilly landscape with ridges intersected by west to east running rivers. The altitude 

decreases from about 2300 m above sea level (a.s.l.) in the western part of the study area, to about 

1400 m a.s.l. in the east. Also slope characteristics change, from narrow valleys and steep slopes in 

the west to comparatively wide river valleys with moderately steep slopes in the east.  

Two soil types dominate the area, Andosols in the high-altitude western part, and Nitisols in the 

lower, eastern part (Sombroek et al. 1982). Andosols are dark soils formed by weathering of volcanic 

material. Andosols have a good physical structure, high available water capacity and are well drained. 

They have a high cation exchange capacity, but there are sometimes problems with phosphorous 

fixation, which may lead to fertility problems. Intensive weathering of basalts and basaltic 

agglomerates results in Nitisols (Ngecu and Ichang’i 1998). Nitisols are red, iron-rich soils, with high 

clay content, a good physical structure with a low bulk density in the topsoil, and a moderate to high 

cation retention. These characteristics make Nitisols receptive to fertilisation, making them highly 

valuable agricultural soils (Driessen et al. 2001). 

 

 
Figure 2.  The map illustrates survey area including investigated landslide scars A-H and the survey 

area location in Kenya.  
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METHOD 

Paper I 

Fieldwork was carried out in February 2013 and in February 2014. Seven previously examined 

landslide scars (B-H) and one recent landslide scar (A) were investigated. To examine soil conditions, 

samples were collected in the centre of the exposed subsoil. Each sample contains one litre and was 

taken by a shovel at a depth of 5-15 cm in topsoil. In addition, one undisturbed sample was collected 

in each scar using a core ring and a hammer. For control purposes one disturbed and one 

undisturbed soil sample were collected outside the scar, above the main scarp of each landslide. 

Where possible, the same methods were used in this investigation as in previous studies (Westerberg 

1999). Textural and chemical analyses were carried out at Kenya Agriculture Research Institute (KARI) 

and the water retention capacity analyses were carried out at Jomo Kenyatta University of 

Agriculture and Technology (JKUAT). Examined parameters are listed below and sources or methods 

are indicated in brackets; (1) soil texture (Hinga et al., 1980; Klute 1986) and classification by USDA:s 

classification chart, (2) water retention capacity (pF meter with a centrifuge chamber), (3) soil 

chemicals; potassium (K), sodium (Na), calcium (Ca) and magnesium (Mg) (Hinga et al., 1980), (4) 

total soil organic carbon (Anderson and Ingram 1993), (5) pH (H2O) (Hinga et al., 1980; Mehlich et al., 

1962), (6) cation exchange capacity (CEC) in soil (Landon 1991). For detailed method descriptions see 

Paper I. 

Visual observations of land cover in the scars and in the surroundings were noted and the scars were 

photographed when possible, for comparisons with previously taken photographs.  For historical 

information, landowners and or farmers were contacted. Photos from years in 1985, 1991, 1994, 

1995 and in 1997 form the basis of comparison over time (Westerberg 1999, Westerberg and 

Christiansson 1999).  

Samples collected in 2013 were analysed separately, and mean values of each parameter from all 

slide scars were calculated (Wahlstrand et al., unpublished). These mean values were compared with 

mean values from the scars analysed in previous studies (Westerberg 1999). Three strongly deviant 

values were excluded in the calculation of mean values. Two of these values were from 1991, and 

consisted of extremely high levels of organic carbon, aberrant for newly exposed subsoil. The third 

deviant sample was taken in 1995 and consists of an extremely high content of calcium. This may be 

a result of a measurement error, or of local soil improvement measures (liming).  

Beside averages the following calculations were made: 

 Base cations =  sum of the bases Na, K, Mg and Ca 

 Base saturation = sum of base cations/CEC Soil 

 CEC Clay = CEC Soil/ 
% clay

100
 

 Bulk density = 
Weight of dry soil 

Volume
  

 

The methods used in this study have limitations. The number of landslides with documentation of 

physical and chemical soil characteristics was limited in previous studies. Also, in previous studies 

only one sample per landslide was collected. Furthermore, there are differences in the size of the 

data sets for different years of survey. Year 8 after the first investigation is represented by only three 
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scars, while year 0 and 20-30 years are represented by seven scars. Hence, the results give a general 

picture of landslide development in the study area, and numerical values should be seen as relative 

rather than absolute levels.  

Paper II 

Commonly used factors in previous landslide susceptibility analyses are slope angle, aspect and 

curvature, bedrock and soil character, land use, precipitation, and proximity to rivers and to roads. 

These factors were considered appropriate also in this study. Data was obtained from the authorities 

in Kenya but also acquired from commercial companies.  

We have worked with the following data; (1) a digital elevation model (DEM; Shuttle Radar 

Topography Mission (SRTM), 30 meters resolution), (2) Google Earth (showing high resolution images 

from Digital Globe, 2012), (3) precipitation data, (4) digitised air photos from 1959, scanned with 

eight grey levels, no stereo cover, (5) descriptions of 37 historical landslides from scientific articles , 

(6) field observations and (7) interviews with farmers and the District Agriculture Extension Officer. 

 

We explored and analysed the data using ArcGIS 10.0. Detailed information about geology and 

precipitation proved to be difficult to obtain, but these parameters were assumed to be uniform in 

the area. Slope, aspect and curvature analyses were made using the DEM. Land use, roads and rivers 

were mapped using Google Earth and satellite images from 2012. A limited area was mapped 

regarding change in forest coverage using air photos from 1959 and the satellite image from 2012. 

Distances from roads and rivers to previous landslides were manually measured in the satellite 

image. The results were evaluated with statistical analyses in ArcGIS 10.0 and visual analyses using 

the historical landslides as reference. For detailed method descriptions see Paper II. 
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RESULTS 

Below are summarised results from paper I and paper II. Thereafter, additional results, not presented 

in the attached papers, are presented. 

Summary results paper I 

The results from this investigation, complemented with results from studies of the same landslides in 

1987 and in 1995 (Westerberg 1999), form the basis for comparison over time. Over 20-30 years, the 

clay fraction has increased, at the expense of sand fraction, probably a result of weathering 

processes. Bulk density has decreased, which has led to an increase of available water. CEC has 

decreased, possibly a result of changes in clay mineralogy and the variable charge of allophane. The 

decrease in CEC has led to an increase in base saturation, although the absolute levels of 

exchangeable bases remains relatively stable, apart from Ca which has increased > 200% during the 

c.20 years. pH shows a slight decrease, probably depending on leaching of neutralizing nutrients and 

planting of acidifying Eucalyptus sp. The results also indicate an initial increase in total soil organic 

carbon, but during the last period of examination (8 to >20 years) the level is decreasing. The initial 

increase is expected, as organic matter is introduced by plant succession. The later decrease may be 

a result of low pH, which leads to less decomposing microorganisms, thus a reduction of the release 

of carbon to the soil by humification. Changes in texture distribution and in chemical content in 

landslide-affected soils are a slow process. The results in this study are general, but can be used to 

inform farmers in the area how to adapt to the current situation, and how to mitigate the impact. 

Furthermore, the results can help authorities to give advice about fertilisation, liming, and suitable 

plants to cultivate. Studies of this kind are important for the optimisation of soil treatment, so as to 

increase yields in a sustainable way. This in turn decreases the vulnerability of the people affected by 

landslides.  

The photographs show that there is a rapid succession by vegetation in the area. Before the sliding 

events, the affected slopes had in most cases been subject to logging and excavation activities. These 

activities are all known to reduce shear stress. Regarding changes in land cover, four of seven slopes 

were covered by forest before the landslides occurred. In 2013, four of seven scars were again 

planted with trees, mostly Eucalyptus sp.; in two of the scars tea was planted; and in one scar fodder 

grass and vegetables were planted. 

Summary results paper II  

Previous research documents 36 historical landslide scars in the area. The documentation includes 

information about landslide positions, size ratios, slope conditions, hydrological conditions, aspect, 

plan and profile curvature, and land use.  

Comparisons between the results from the morphometric GIS-based analysis and the field-based 

measurements of historical landslides shows that the DEM is too coarse to capture the terrain 

variations with the accuracy required for landslide susceptibility analyses. Among other things, the 

DEM cannot not capture steep slopes, which is the most important attribute of the landslides, 

according to field-generated data. 

Forest coverage has changed extensively over time in the comparatively small area analysed. The 

proportion of sparse and dense forest has been reduced from 42% in 1959 to 24% in 2012 and largely 

replaced by tea. In 2012, habitation areas, tea and other cultivated land covered more than 79% of 
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the investigated area. In conversation with landowners, who have landslides on their properties, we 

received information that land use changes may have caused the landslide events. However, our 

dataset does not support this information. There is a lack of information both regarding 

deforestation activities and land use when the landslides occurred. This makes the land use 

parameter impossible to use in the susceptibility analyses.  

29 of the 36 historical landslides were considered possibly affected by a road. Most of these were 

situated within 80 m from a road, with an overrepresentation around 40 m. The road sites were 

probably affected by drainage from roads or overload close to roads. Only six of 36 landslides were 

considered possibly affected by a river. Most of them are located within 80 meters from a river and 

probably caused by river overflow or undercutting. 

Additional results  

The results below show the comparison of soil characteristics in the landslide scars and their 

reference sites. 

Chemical and physical characteristics 2013, in scars B-H and in reference sites 

Figure 3 shows averaged chemical and physical characteristics in topsoil of the old landslide scars 

(>20 years) and in reference sites located in the vicinity of the scars. The results show negligible 

differences in contents of K, Na and Ca, between topsoil in scars and topsoil in reference sites (Figure 

3a), but the Mg content is higher in scars than in surrounding land. Total soil organic carbon is higher 

in reference sites than in scars (Figure 3b), while pH and CEC (soil) show only marginal differences 

between scar and reference soil (Figures 3c and 3d). Clay and silt contents are marginally higher in 

scars than in reference sites, while the sand fraction consequently is lower (Figure 3e). The difference 

in bulk density between scars and reference sites is negligible (Figure 3f), while there is higher level 

of freely drained water in scars than in references sites (Figure 3g).  

  a   b 

  

  c   d 

                   



13 
 

 e   f

                                 

 g 

Figure 3. Chemical and physical characteristics 2013, in scars B-H and in reference sites; (a) 

exchangeable cations, (b) total organic carbon, (c) pH, (d) cation exchange capacity, (e) texture, (f) 

bulk density and (g) water retention characteristics. 

 

Chemical and physical characteristics 2013, in scar A and in reference site 

Figure 4 shows the chemical and physical characteristics in the newly exposed subsoil of scar A and in 

topsoil of the reference site. The results show negligible differences in contents of potassium, sodium 

and calcium between soil in the scar and in the reference site (Figure 4a), but the magnesium 

content is in this case higher in the reference than in scar. Total soil organic carbon is considerably 

higher in reference soil than in scar soil (Figure 4b), while pH is lower (Figure 4c). CEC (soil) is higher 

in the reference than in the scar (Figure 4d), and in terms of texture (Figure 4e) there is a negligible 

difference in clay fraction, while the silt content is higher and, consequently, the sand content lower 

in the scar than in the reference site. Bulk density (Figure 4f) is higher in the scar than in the 

reference. This affects the available water content (Figure 4g), which is higher in the reference site 

than in the scar.  

  a   b 
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Figure 4. Chemical and physical characteristics 2013, in scar A and in reference site; (a) exchangeable 

cations, (b) total organic carbon, (c) pH, (d) cation exchange capacity, (e) texture, (f) bulk density and 

(g) water retention characteristics. 

 

Summary and analysis of results from 2013 

In general, the results presented above show small differences between soil in old landslide scars and 

in reference sites. There are negligible differences in exchangeable cations but the highest levels are 

found in scars. Mg differs from the other cations, with a significantly higher level in scars than in the 

references. This difference may depend on weathering of Mg-rich minerals in the basaltic saprolite of 

the study area. Total soil organic carbon is higher in reference samples with an average of 3% 

compared with 2% in the scars. Longer term succession by plants, without disturbance, in reference 

sites is a possible explanation of this. Levels of pH, CEC (soil) and bulk density are approximately the 

same in scars and in reference sites. The result from the texture analysis shows that scar topsoil 

contains more fines than reference site topsoil. This may be a result of eluviation, which, in scar 

topsoil, has not yet had the same effect in scars as in the undisturbed reference sites. Gravitational 

(free draining) water is higher in scars than in reference sites, while hygroscopic (unavailable) and 

capillary (available) water are on similar levels. This is possibly a result of lack of human activities, 

such as trampling and ploughing, in the scars. This has given the soil the opportunity to aggregate, 

thus increasing the volume of macro-pores. 
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Results from the recent scar A shows a similar pattern regarding the exchangeable cations Ca, K and 

Na, as the old scars. The Mg content, however, shows an opposite pattern to the old scars. In the 

recent scar there is a significantly higher content of Mg in the reference site than in the scar. This 

difference may be due to the short time that has passed since the slide occurred – weathering has 

not yet had time to release Mg in the scar subsoil. On the other hand, the absolute level of Mg in the 

single soil sample from the reference site, is possibly erroneous. Total soil organic carbon is higher in 

the reference site, with nearly 4% compared to 1% in the scar. This relation is expected, as the 

topsoil has recently been lost in the slide event. pH is higher in the scar with 4.8 compared to 3.7 in 

the reference soil. This is also an expected pattern, as topsoil is generally more acid than subsoil, 

owing to leaching. CEC (soil) is higher in the reference soil than in the exposed scar subsoil, probably 

an effect of the high level of organic matter in the reference topsoil, although clay mineralogy 

differences cannot be excluded. Bulk density is slightly higher in the scar than in the reference site, 

possibly a result of lack of penetrating roots, low carbon content and lack of aggregate structure in 

soil, all these parameters being dependent on time to develop. In reference soil the bulk density is 

lower, probably related to the development of aggregates and the high content of soil organic 

matter. A low bulk density would generally imply high porosity, but in the reference site the porosity 

is in fact lower than in the scar subsoil. This is likely to be an effect of trampling and compaction on 

the reference site, while the high content of organic carbon still keeps bulk density on a 

comparatively low level. A high content of organic carbon may also explain the comparatively high 

level of capillary water in the reference soil in comparison with scar soil. 

DISCUSSION 

Earlier research has shown that soil recovery is a slow process (Lundgren 1978, Rosser and Ross 

2011), which is confirmed in the present study. During the >20 years that have passed since the 

investigated landslides occurred, topsoil has developed through both chemical and physical 

processes. Most investigated parameters reach similar levels as reference topsoil. The most 

important exception is total soil organic carbon, which has not reached reference levels. This fact can 

be explained by the short time for plants to produce organic material after the event in combination 

with the low pH, which inhibits microorganisms that can decompose organic matter (Mahilum 2004). 

In terms of agricultural potential, the landslide scars would not give substantially lower yields than 

plots outside the scars. There are other parameters, however, which have not been included in this 

study, for example vital nutrients like nitrogen and phosphorous, and physical parameters such as 

soil depth. When a landslide occurs, there is also a reduction of soil thickness, which may lead to a 

lowered available water capacity (Young 1989). Therefore, deep-rooted crops are difficult to cultivate 

in these locations.  

Possibly the main constraint to cultivation in this area is pH, which in all soil samples is below 5 and in 

a third of the samples below 4. The difference in pH between landslide scars and reference sites is 

not large, however, and the change in pH with time is insignificant. The low pH in topsoil is probably 

caused by excessive leaching, and by the positive feedback of pH decrease caused by dissociation of 

H+ from Al-hydroxides. The effect of Eucalyptus sp. cannot be excluded, as litter tends to suppress 

soil pH (Leite et al. 2010). Low pH has several consequences. Firstly, aluminium and other metal 

compounds are soluble under acid conditions (Marschner 1991; Harter 2002). Aluminium is toxic to 

plants, and both H+ and Al3+ occupy the exchange complex of soil particles and humus, which leads to 
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exacerbated leaching of nutrients. Secondly, the variable charge properties of Andosols cause 

substantial depression of CEC, which further sensitises base cations to leaching (Driessen et al. 2011). 

Thirdly, low pH inhibits earthworm and bacteria activity (Mahilum 2004), i.e. fewer decomposers in 

the soil and a possible blockage of humification of organic matter. Interestingly, these problems 

appear to be general for the area. That is, they relate to any soil, whether disturbed by landsliding or 

not. Increasing pH, by adding highly humified manure and crop residues, and by liming, would 

probably have major positive effects on agriculture in the study area.  

Available data failed to be able to assess landslide prone areas. A high resolution DEM would have 

given information about steep slopes, aspect and curvature. Instead we used more or less manual 

methods with satellite images, historical information and information collected in field, and 

evaluated the results using the historical landslides as reference. The results show, with reasonable 

certainty, in this area landslides are most likely to occur in slopes with a gradient of 25° or more, 

within 80 meters from roads, and during the rainy seasons. Inadequate management of drainage 

from roads and over-flooding water tanks located close to the roads, are probable landslide triggers. 

Our method is somewhat biased by the fact that previous studies may have focused on landslides 

that were easily accessible from the roads. On the other hand, the information from landslide-

affected landowners is unambiguous; drainage from the roads, roadside water tanks and overloading 

during road construction create mass movement problems during the rainy seasons. 

Will the farmer’s vulnerability be reduced by the results of this study? Yes, yields can increase if the 

right action is taken at the right time. Agricultural advisors can help farmers to adapt to the new 

situation after a landslide has occurred, by advising about fertilising, liming, choice of plants to 

cultivate, crop rotation, and how to treat the land in different stages after a landslide event. 

Regarding making landslide susceptibility assessments in the area, the results show that available 

data are of insufficient quality and quantity to make reliable assessments. The study also shows the 

importance of using accurate data when making susceptibility analyses to avoid that people get a 

false sense of security due to poorly substantiated information. In countries like Kenya, which lack 

resources and suffer from rain-induced landslides, a better way may be to distribute general, non-

site specific information about slope stability, drainage and landslides, e.g. in the form of a simple 

hand-outs. This may lead to increased knowledge and preparedness, and thus to reduced 

vulnerability.  

Advices to landslide-affected farmers  

After a landslide has occurred the residual soil is affected in several ways. The levels of nutrients and 

carbon, and the clay content are probably lower in the exposed subsoil than in the topsoil that has 

been lost during sliding. This lowers the viability of cultivation, and the slope surrounding the 

landslide scar may be unstable. Hence, it is wise to leave the land idle during the first years after a 

landslide event. This has the additional value of letting weathering processes and the natural 

succession commence the soil recovery by (1) enhancing soil thickness and releasing nutrients from 

the exposed bedrock or saprolite and (2) reducing the compactness, increasing the porosity and 

decreasing the bulk density. 

The results from this study show that after >20 years, there are negligible differences between soil in 

the investigated landslide scars and their nearby references sites. To speed up the natural recovery 

process, nutrients may be added, preferably in the form of manure and plant residues. Apart from 
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supplying nutrients, this helps to restore soil structure, and increase pH, thus limiting the leaching of 

nutrients. 

CONCLUSION 

The conclusions in this thesis are firstly that topsoil in the study area recovers slowly, from an 

agricultural perspective. After 20-30 years only total soil organic carbon has not yet reached 

reference levels. Low pH is a major and general soil problem in the study area, not unique for 

landslide-affected slopes. 

Secondly, there is not currently possible to conduct reliable GIS-based susceptibility assessment in 

the Kenyan Highlands, mainly due to the lack of relevant data, but also due to many uncertain 

parameters regarding human behaviour in using the land and managing drainage from roads and 

water tanks. 
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