
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Landscape sensivity to erosion in three semi-arid Central Andean geo-
ecosystems

Coppus, R.

Publication date
2002

Link to publication

Citation for published version (APA):
Coppus, R. (2002). Landscape sensivity to erosion in three semi-arid Central Andean geo-
ecosystems. [, Universiteit van Amsterdam]. UvA.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/landscape-sensivity-to-erosion-in-three-semiarid-central-andean-geoecosystems(e2abaa26-81c1-42e9-8eb1-080ef2ded523).html


-- CHAPTER 7 -

LANDSCAPEE SENSITIVITY TO EROSION IN THREE SEMI-ARID CENTRAL ANDEAN GEO-

ECOSYSTEMSS -SYNTHESIS AND FINAL CONCLUSIONS 

1.. Introduction 

Thee Southern Andes counts among the mountainous areas, which are relatively untouched 

byy land degradation as a result of human impacts, because of their remoteness and limited 

historyy of intensive land use. However, they are generally considered to be fragile ecosystems 

underr the present day land use, because of a number of characteristics e.g. their semi-arid 

climate,, steep relief and increasing population pressure. Moreover, this fragility is reflected in 

landd degradation in the form of badlands and other degradation phenomena. In view of the 

expectedd global changes in climate and presumably further increasing human pressure on still 

existingg fragile ecosystems, studies on the nature of and human impacts on these ecosystems 

aree generally considered as essential to predict potential impacts of changing land use and 

climatee and to support policies aiming at prevention or mitigation of negative impacts. 

Additionally,, studies on these relatively well-preserved geo-ecosystems might provide 

informationn on the early degradational stages and processes therein in currently highly 

degradedd geo-ecosystems of the Old World. A recent development in such studies is the 

emphasiss put on landscape sensitivity, rather than on land degradation, i.e. focusing on the 

sensitivityy of geo-ecosystems to erosion. The concept was shown to be very suited for studies 

onn the potential impacts of global changes and changes in land use. 

Givenn the nature of these southern Central Andean geo-ecosystems, their study has to cope 

withh severe limitations regarding the available basic information on abiotic physical 

characteristicss such as its geology, soils, climate and hydrology, as well as with logistic 

problems,, preventing application of sophisticated methods in process studies. Furthermore, 

studiess on landscape sensitivity at regional scale (reconnaissance) requires an equally detailed 

insightt into patterns in geology, soils and other relevant phenomena. In other words, a balance 

hadd to be found between inventory studies at the reconnaissance level and detailed process 

studiess at catchment or even smaller scale, providing information regarding the sensitivity of 

thee geo-ecosystems concerned. 

Thee approach in this research was a combination of bottom - up and top - down aiming at 

understandingg the main processes active and responsible for land degradation, as well as an 

inventoryy study of those objects, which are considered as relevant for degradation and its 

processes,, i.e. vegetation, soils and erosion features. The question arises what results this 
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approachh has produced and whether the information allows for answers to the more 

fundamentall  questions described in the introduction, which are listed below. 

Thee general aim of this thesis was to elucidate the controversy concerning the relative 

importancee of natural and human-induced erosion. This was translated into the question: "To 

whatt extent is land use change responsible for the high erosion rates inferred for South 

Boliviaa specifically, and the Central Andes in general?". In order to answer this question, the 

keyy processes of erosion had to be understood. To achieve this, the following sub-objectives 

weree determined: 

i.. To characterize the major physiographical units and to identify their sensitivity to erosion 

onn a landscape scale 

ii .. To identify indicators for landscape sensitivity to erosion in the Central Andes 

iii .. To study the erosion processes acting at hill slope scale within the most sensitive erosion 

units s 

iv.. To understand the linkages between hill slopes and channels during normal and extreme 
precipitationn events 

AA short explanation of the methodology will be given and the results of the sub-objectives 

wil ll  be discussed in the following headings. The relative importance of human induced versus 

naturall  erosion and the consequences for landscape sensitivity in the study area will be 

discussedd separately. Finally, some general conclusions with respect to landscape sensitivity 

too erosion in the three studied geo-ecosystems will be presented. 

2.. Methodology 

Too understand the sensitivity of different landscapes to erosion in the Central Andes, three 

representativee geo-ecosystems in south Bolivia were studied namely the Mediterranean like 

sub-Andeann valley, the Arctic high altitude (semi) desert of the Altiplano and the arid 

mountainouss desert of the inter-Andean valley. A top - down, bottom - up approach was 

used.. The top - down approach included the study of aerial photographs and satellite imagery 

too select representative physiographic units. These units were visited during a reconnaissance 

fieldfield study where vegetation characteristics and soil properties were studied. The results of the 

studyy were interpreted in terms of sensitivity to erosion and gave insight in the distribution of 

Erosionn Sensitive Areas. Indicators were used to characterize the sensitivity to erosion of the 

units.. On the basis of the top - down approach, two catchments were selected for detailed 

erosionn studies using a bottom - up approach. The bottom - up approach focused on the 
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erosionn and infiltration processes at patch, hill slope and catchment scale of the most sensitive 

physiographicc units of the sub-Andean valley (the badland system) and the catchment of an 

ephemerall  stream of Quebrada Grande on the Altiplano that includes nearly all physiographic 

unitss of the Altiplano. 

AA major problem encountered during this study was the inaccessibility and remoteness of 

thee study area. As many rivers had to be crossed by foot and electricity was not directly 

available,, refined modern techniques could not be used. This put a serious constraint on the 

applicablee methods and methodology and therefore, common sense, easily recognisable 

indicators,, endurance and simple methods were to be used. Another constraint was the lack of 

goodd basic data on geomorphology and soils, not only for the study area but also for the 

completee Central Andes. Therefore, it was very difficult to compare the results of this study 

withh other findings and to extrapolate the results to other areas of the semi-arid Central Andes. 

Thee problems described before were particularly relevant for the rainfall experiments, 

whichh are limited in number and therefore provide indications for trends rather than 

statisticallyy significant and precise data on the hydrological behaviour of the various soils. 

Rainfalll  experiments require good quality water in large quantities. For the areas concerned 

logisticss formed a serious limitation with transport being highly problematic. Given these 

logisticc limitations, a decision had to be taken on whether to expand the number of 

experimentss using only one rainfall intensity or reducing the number of experiments but 

applyingg several rainfall intensities allowing for the establishment of infiltration envelopes, 

providingg more information on the soil hydrological behaviour. A decision was made to focus 

onn the latter thereby paying less attention to the spatial variability, which evidently was 

considerablee but would require a much larger effort to be established quantitatively. 

3.. The distribution of Erosion Sensitive Areas in three semi-arid Andean geo-

ecosystemss in south Bolivia 

Thee application of the environmentally sensitive area concept in land degradation studies 

hass recently been demonstrated by Kosmas et al. (1999). The notion of sensitivity is important 

inn geomorphology because it explicitly introduces concepts of resilience and persistence. In 

otherr words, the sensitivity depends on the relative rates of weathering, the credibility of the 

parentt material and the depth or volume of the soil available for erosion. The rate of erosion in 

grazingg lands is influenced by the ability of the vegetation to recover after disturbance or to 

resistt the impact of grazing. 
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Althoughh main erosion features such as the badlands in the sub-Andean valley, the dunes 

onn the Altiplano and the stripped bedrock hills in the sub- and inter-Andean valley suggest 

thatt severe erosion is widespread in the Central Andes of south Bolivia, such areas are 

relativelyy localized. While the badlands are actively being eroded, the stripped bedrock slopes 

inn the sub-Andean valley are believed to be associated with erosion under former wetter 

climaticc conditions during the Holocene (Warburton et al., 1998). The dunes are also very 

likelyy to have their origin in former drier climatic conditions, as was concluded by Mann et al. 

(2002)) who studied sand dunes in an arctic environment. The badlands are situated in the 

driestt part of the sub-Andean valleys. The sand dunes are located in the centre of the 

Altiplanoo right east of a lake, in the direction of the prevailing winds. Unlike the stripped 

bedrockk slopes in the sub- Andean valley, the stripped bedrock slopes in the lower parts of the 

inter-Andeann valley are believed to be the result of the present dry climatic conditions where 

soill  formation is limited and all weathered rock is directly removed by erosion after each 

intensivee rainfall event. 

Besidess the physiographic units with spectacular erosion features, more areas are sensitive 

too erosion, though to a lesser extent. Stream upwards in the sub-Andean valley, relatively wet 

climaticc conditions prevail and vegetation cover is higher but nevertheless, strongly eroded 

hilll  slopes occur dissected by many rill s and some gullies. The presence of well-developed 

soill  profiles such as Luvisols suggests a long period of stable conditions prior to the start of 

erosion.. On the Altiplano in gently sloping plains near the lakes, some wind erosion occurs as 

thee low vegetation cover of dwarf shrubs cannot protect the soil from wind erosion. 

4.. Indicators for landscape sensitivity to erosion 

Thee indicators that were used in this study are based on the concept given by Mouat 

(1992),, which was tested and elaborated in field studies by e.g. Cammeraat and Imeson 

(1998)) and Imeson and Cammeraat (2000). Indicators can be used to quantify the magnitude 

off  stress (e.g. presence of rill s and/or gulies, presence of truncated soil profiles) or to 

characterizee and interprete geo-ecosystems conditions {e.g. by the use of vegetation 

characteristicss and chemical and physical soil properties). 

Givenn the complex relation between geology, lithology, geomorphology, soil properties 

andd biomass, no uniform set of indicators for erosion sensitivity were found for the study area. 

Instead,, every single geo-ecosystem had its own set of indicators. 
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4.1.4.1. The sub-Andean valley 

Inn general, favourable soil (surface) conditions such as low stone and crust cover, 

relativelyy thick Ah horizons, high OM and N content and high water availability indicate a 

loww sensitivity in the sub-Andean valley. The opposite (high stone and crust cover, truncated 

Ahh horizons, low OM and N content and low water availability) indicates a high sensitivity to 

erosion.. The gradient of a slope cannot be regarded as an indicator as not all areas with a steep 

slopee are sensitive to erosion. For example, the slopes of the mountain front are steep but due 

too the high vegetation cover, erosion is limited to north-facing slopes. Despite the differences 

inn lithology and parent material within the catchment of the sub-Andean valley, texture does 

nott change very much and ranges from sandy loam to sandy (clay) loam and loam and hence 

doess not serve as an indicator. The stripped bedrock slopes and the badlands have the lowest 

andd highest biomass of the sub-Andean valley, respectively, so neither biomass serves as an 

indicatorr for sensitivity to erosion 

4.2.4.2. The Altiplano 

Onn the Altiplano, differences in soil surface characteristics within units are larger than 

differencess between units. Therefore, it is very difficult to use it as an easy recognisable 

indicator.. To some extent, a low OM and N content can be used to serve as an indicator for a 

highh erosion sensitivity but here again, differences within units can be large thereby making it 

difficultt to use directly in the field. Low biomass of short grasses combined with a low 

biomasss of tussock grasses and shrubs might be used as an indicator for sensitive areas though 

withh some caution. In general, on the Altiplano, a combination of above mentioned variables, 

togetherr with soil surface characteristics, should be used to determine whether an area is 

sensitivee to erosion or not. Apart from the dunes, being very different and specific, no 

physiographicc unit can be regarded as being sensitive or not due to the large heterogeneity 

withinn the units. 

4.3.4.3. The inter-Andean valley 

Inn the inter-Andean valley, soil properties such as OM, N and available P could be used as 

indicatorss though with caution. Only slope and biomass of shrubs serve as reliable indicators. 

Inn general, the inter-Andean valley is very susceptible to erosion due to its (semi) arid climatic 

conditionss and very shallow or absent soils. The dissected alluvial terraces are the sole stable 

surfacess within the catchment where OM, N and available P are relatively high, the slope is 
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nearr level to moderate and the biomass is the highest of the complete study area. The soil 

surfacee is covered with ventrifacts indicating long periods of stability. 

5.. Hydrological response, erosion processes and connectivity within catchments during 

simulated,, normal and extreme precipitation events 

Rainfalll  simulation experiments in two catchments (the badlands in the sub-Andean valley 

andd the Altiplano) gave insight into the hydrological response of the soil at the patch scale. As 

bothh systems are completely different, they will be discussed separately. In the badlands, open 

erosionn plots and simple rain gauges were installed to monitor the impact of natural rainfall 

events. . 

5.1.5.1. The sub-Andean badlands 

Althoughh badland systems by some authors are regarded as homogeneous (e.g. Nogueras 

ett al., 2000), this is not the case in the badlands in the sub-Andean valley of Tarija where 

vegetationn cover, soil properties and responses to simulated and natural rainfall vary largely 

betweenn topographical positions, which is in line with several other studies (López-Bermüdez 

ett al., 1998; Puigdefabregas et al., 1998; Vandekerckhove et al., 2000; Martinez-Mena et al., 

2001).. Whereas on the vegetated upper and lower slopes most of the rainfall (simulated and 

natural)) infiltrates and no or littl e runoff is produced, the strongly eroded badland slopes 

producee large amounts of runoff, even during relatively low intensities of simulated rainfall or 

minorr natural rainfall events. The mid slopes react intermediately. Consequently, the mid 

slopess are regarded as transportation zones of runoff and sediments. When the runoff reaches 

thee lower slopes, it will infiltrate and the sediments will be deposited. However, when the 

runofff  drains into the badlands which cut through all topographical positions the runoff and 

itss sediment will finally reach the channel as the badlands are directly connected with the 

mainn channel and soil will be removed from the catchment. 

Onlyy during extreme precipitation events, all topographic positions contribute directly to 

thee main channel as Horton overland flow occurs everywhere, even on the densely vegetated 

lowerr slopes. During such events, soil erosion takes place on a massive scale and can 

correctlyy be regarded as the main landscape forming process. Soil losses during an extreme 

event,, including the devastating power of hail erosion, are many times higher than that during 

moree regular heavy thunderstorms. 
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5.2.The5.2.The Altiplano 

Erosionn processes on the Altiplano are mainly associated with wind erosion under present 

climaticc conditions. Nevertheless, hydrological responses to simulated rainfall were studied in 

orderr to quantify water availability for vegetation after rainfall events. Unlike the badlands in 

thee sub-Andean valley where differences between topographical units are clear, the Altiplano 

showss a very complex relation in terms of the hydrological response in relation with 

vegetationn or geomorphological units. A cluster analysis was needed to distinguish between 

sitess (not units) with high and low infiltration characteristics. The main problem was that 

severall  aspects of the hydrological response that were measured (cumulative infiltration, mm 

too ponding, mm to runoff, depth of wetting front) reacted in contrasting ways. 

Itt can be concluded that overall infiltration is high and that cumulative infiltration is as 

highh as 73% or more of the applied rainfall, even when intensities of 60 mm hr"' are used. At 

sitess where ponding or runoff starts after few mm of applied rainfall, the slope is such that 

mostt water infiltrates within the 40 by 60 cm plot. Hence, connectivity at slope level is very 

low,, partly because of the nearly level slopes, partly because of the high infiltration capacity. 

Initiall  infiltration is very high and ponding only takes place when the subsoil is saturated. 

Whenn all depressions in the micro topography are filled, saturated overland flow occurs. In 

contrastt with the badlands system and many other semi-arid areas (Yair and Lavee, 1985), 

Hortonn overland flow was of minor importance in the flat areas. 

Organicc matter content and aggregate stability do not seem to influence infiltration 

characteristicss which is discordant with many geomorphological text books {e.g. Hudson, 

1995;; Morgan, 1986). Although this discordance is not fully understood, local discrepancies 

inn soil surface cover (bare surface, crust surface and type and vegetation cover and type) 

mightt explain a part of it (Böhm and Gerold, 1995; Bromley et al., 1997; Bochet et al., 1998; 

Cammeraatt and Imeson, 1999). 

Thee depth of a compact layer {e.g. Bt or petrocalcic) is the only studied environmental 

variablee that differed significantly between sites with a low and high infiltration. At sites 

wheree the compact layer lies close to the surface, the infiltration was low and vice versa. A 

logicc explanation would be the fact that soil water saturation occurs faster at places where the 

compactt layer lies close to the surface. However, the depth of the wetting front after a rainfall 

experimentt of 30 minutes never reached the depth of the compact layer and only the first few 

cmm were saturated with rainfall. As stated before, there was also no relationship with 

aggregatee stability. 
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6.. The concept of landscape sensitivity to erosion and its implication for south-Bolivia 

Accordingg to Thomas (2001), landscape sensitivity may be interpreted as being the 

responsee of geo-ecosystems to disturbances at different temporal and spatial scales. The 

disturbancess may be natural (climate change) or human (grazing) induced or a combination of 

both.. As it is difficul t to quantify response without a long-term monitor program, the 

followingg discussion is based on measured indicators and field observations. Hence, an 

interpretationn of all available data is presented, which should be used as a starting point for 

furtherr discussion and research. 

Thee Central Andes has been subjected to continuing climatic change since the late 

Pleistocenee (Thompson et al., 1985; Thompson et al., 1998; Baker et al., 2001). This is 

reflectedd in the presence of former lake levels, paleosoils with buried horizons with high OM 

contents,, Bt horizons and erosion features (e.g. stripped bedrock slopes) that do not reflect the 

presentt semi-arid conditions. 

Ass stated above, the main drivers that influence the landscape sensitivity to erosion in the 

Centrall  Andes are climatic change and land use. The parent material, the soil properties, the 

vegetationn characteristics and the present climatic conditions control the response to these 

drivers.. These controlling factors finally determine the sensitivity of a landscape to erosion. A 

schematicc diagram of the above hypothesized relation is given in Figure 7.1. 

Dr r 
Climate e 

 Change Geology Land use 

Controlling g 
Factors s 

Magnitudee of Response 

A A 

Vegetationn Soils 
Present t 
Climate e 

Landscapee Sensitivity M-

Figuree 7.1: Schematic presentation for the drivers and controlling factors influencing landscape 

sensitivity y 
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Inn the study area, it was found that although the current grazing intensity is generally low, 

somee areas are nevertheless affected by severe erosion. This is due to the high erodibility of 

thee parent material and the semi-arid climatic conditions. The response to grazing is complex 

duee to the interaction with land use history, geology and climate. Moreover, the nature and 

intensityy of grazing have changed continuously over the last 500 years, especially in the sub-

Andeann valley. It is very difficult to obtain quantitative information about past grazing 

intensities.. An apparent recent reduction in grazing intensity does not seem to have resulted in 

lesss erosion in the affected areas. This suggests that former grazing intensity has changed the 

ecosystemm vulnerability to erosion to such extent, that erosion rates are high despite current 

loww grazing intensity. But not only former grazing intensity can be held responsible for the 

presentt erosion. The causes are a mixture of a geomorphic adjustment to base level change or 

ann increase in sediment supply during former wetter conditions (Maas et al., 2000) and a 

reactionn to changes in grazing that accompanied the arrival and management of exotic 

domesticc animals. 

Ass grazing is strongly correlated with soil texture in the sub-Andean valley, it is believed 

thatt grazing takes place in those areas where conditions for vegetation growth are favourable. 

Thesee areas have relatively high vegetation cover and the vegetation species have good forage 

quality.. López-Bermüdez (1998) reported a similar conclusion for grazed hill slopes in semi 

aridd south-east Spain where vegetation recovery after grazing was sufficient to maintain the 

presentt vegetation type and cover. The same holds true for the Altiplano where erosion by 

runningg water is of minor importance as the infiltration is generally very high. A large part of 

thee precipitation is available for the vegetation thereby maintaining the vegetation type and 

coverr after grazing. 

Inn the inter-Andean valley, grazing pressure is very low and only in the neighbourhood of 

settlementss signs of vegetation degradation are present and some soil erosion is visible in the 

formm of rills and shallow gullies. In remote areas, biomass is high and reflects more or less the 

originall  vegetation, although its cover has diminished (Beck et al., 2001). 

Thuss it is in the drier part of the sub-Andean valley (the badlands and eroded hills) that the 

thresholdd for resilience has been trespassed and the system has become very sensitive to 

erosion,, which is translated into hill slopes being severely eroded. Simpson et al. (2001) 

studiedd historical grazing strategies in Iceland and its relation with landscape degradation and 

foundd a similar situation where the threshold values were crossed. In the remaining part of the 

sub-Andeann valley, the sensitivity to erosion is within the threshold of resilience and the soil 

iss being protected by vegetation that limits accelerated soil erosion. On the Altiplano, despite 
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thee presence of the dunes, the landscape sensitivity to erosion is low due the high resilience. 

Thee soil's ability to absorb water enabling vegetation re-growth after grazing is high thereby 

limitingg the negative effects of wind erosion. In the inter-Andean valley, the threshold for 

acceleratedd erosion is very high due to natural arid conditions and the protection of the soil by 

gypsumm crusts. So the human impact is largely negligible. 

7.. Final conclusions 

Althoughh erosion features such as badlands, dunes and stripped bedrock suggest that 

erosionn is a main problem in the three studied geo-ecosystems in southern Bolivia they are 

relativelyy localized. Moreover, they reflect different erosion scales in time, space and 

magnitude.. For example, remnants of non truncated well-developed soil profiles on steep 

slopess suggest stable conditions for long periods of time before the current erosion of these 

slopes.. The distribution of Erosion Sensitive Areas is clearly related to the geomorphological 

positionn and the climatic conditions. 

Whereass chemical and physical properties of the soils on the Altiplano suggest 

homogeneity,, hydrological responses differ largely between and within the Erosion Sensitive 

Areas.. Complex interactions between vegetation and crust determine the soil's ability to 

absorbb water which makes it difficult to interpret the results of the top - down and bottom -

upp approach and to make general conclusions about landscape sensitivity to erosion. 

Regardingg linkages between hill slopes and channels it can be said that present erosion 

processess and soil loss only take place in certain areas in the sub-Andean valley and even 

withinn small catchments that are affected by erosion, differentiation in erosion occurs. For 

example,, in the badland system, erosion is progressing continuously in the badlands and mid 

slopess but in the upper- and down slope parts, stabilizing processes prevail. Regeneration of 

vegetationn and entrapment of sediments down slope limits overall soil loss within the 

catchment.. This proves the importance of studying erosion at different scale levels. 

Comparingg the data obtained during the extreme events with soil losses during less 

intensiveintensive storms it can be concluded that it are the extreme events that largely contribute to 

erosionn and sediment transport and that the majority of the rainstorms only play a minor role. 

Thee results also show how limited the values of rainfall experiments are in understanding 

geomorphicc events. 

Thee main conclusion of this study is that the three studied geo-ecosystems, despite their 

proximityy and (semi)-arid conditions, are very different, both in soils, geomorphology, land 

use,, vegetation and responses to environmental change. Consequently, the landscape 
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sensitivityy to erosion varies largely between the three geo-ecosystems and also within the geo-

ecosystems.. Usher (2001) states that the concept of landscape sensitivity is related to the 

magnitudee of change in relation with the magnitude of response. Whereas the magnitude of 

changee is more or less similar within the geo-ecosystems (i.e. human induced and climate 

change),, the responses vary widely within and between the geo-ecosystems. 

Itt can be assumed that climate change occurred in the same (relative) magnitude within 

andd between the ecosystems. Land use change will not have occurred at the same time at all 

placess as it will have started in the population centres and subsequently will have spread out 

too new centres. Nevertheless, the introduction of new Old World grazers has affected the 

variouss physiographic units within a relatively short time span. However, the magnitude of 

responsess within the geo-ecosystems differed largely. In all physiographic units, the 

vegetationn has changed but in the driest parts of the sub-Andean valley this had lead to severe 

erosionn resulting in badlands. Upstream in the valley, erosion occurs but to a lesser extent 

whereass near the mountain front, in sub-humid conditions, moderate erosion is limited to 

somee north-facing slopes. On the Altiplano, the (wind) erosion is limited to the sand dunes 

thatt exist because of the proximity of a regressing lake, supplying the sand for the dunes. In 

thee inter-Andean valley, erosion of weathered fine particles is common due to the (semi) arid 

climatee that limits vegetation growth. 

Inn conclusion it can be said that the sub-Andean valley geo-ecosystem is controlled by 

parentt material and climate, being the main factors in differentiating landscape sensitivity to 

erosion.. On the Altiplano, grazing is the controlling factor for the sensitivity to erosion of the 

physiographicall  units. And in the inter-Andean valley, climate and geology control the 

sensitivityy to erosion. 
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