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5. Introduction

This chapter contains the application and validatibthe spatial analysis model SEPRA
as introduced in Chapter 4. In the Figure 5.1 amaew of the phases that conforms the
proposed model is presented. In general it is #meesflowchart as shown in Figure 4.2
expanded and completed by the analysis criteriaalbfthe environmental features
involved in the analysis. Also, first and final uéis to be obtained have been included.
Therefore, this graphical version of the spatialgsis has been structured according to
the following five spatially differentiated inforrtian levels:

. Map of geostructural stability

. Map of hydrogeomorphological stability — instalyilit

1

2

3. Map of erosion susceptibility

4. Map of fragility of the vegetation cover
5

. Map land-use intensity

The subsequent combining of these results areasis bor the following final maps:

1. Physiographic restrictions
2. Landscape sensitivity
3. Landscape suitability

Consequently, by means of the analysis of thesesrmawnation of land uses is derived.

It is at the same time the basis for the final tefuroposal of the land use-plan.

The chapter is divided into the following threetsmts 1) Methodological framework, 2)

Rivas Davila case; 2) Quibor valley case.
5.1 Methodological framework (Outputs)

This section explains the results reached throygtliGation of the proposed spatial
analysis. The outputs of the model, the appliechowd of analysis and the subsequent
results are shown. All processes are organizedrdiogpto the above indicated five
information levels. Afterwards, the combinationtioése data produces a subsequent and

integral category of information which is the bdsisthe proposal of the land-use plan.
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Figure 5.1: Model of spatial analysis SEPRA.
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5.1.1 Geostructural stability

The first part of SEPRA includes the evaluatiorthe geological characteristics of the
study area in order to identify the basic condsiai geostructural stability-instability
(Figure 5.2).

Component { Geology
A 4 A 4
Geological .
Parameter Earthquakes faults Lithology
Analvsi A 4 A 4
nalysis . Instabilit .
criteria { { Intensity > @r 50(ym >  Fragility>
\ 4
Result { "ﬂGeostructuraI stability
Figure 5.2: Analysis of basic conditions of geostaual stability-instability.

The epicenters of the earthquakes recorded in tthay sareas throughout the last two
centuries were plotted, considering their intensityaccordance with the Modified
Mercalli Scale (MM). Geological faults were idergd by means of previous geological
studies of the area. Consequently, buffers arobedaulting zones were built in order to
identify the more intensively affected areas bydbkelogical faults, e.g. rocks fracturing
or landslides. Finally, the fragility of the rocksas deduced from the lithological
characteristics described by each geological faonaiThese layers were processed by

means of several ArcGis 9.1 tools suchediting”, “buffer” and ‘identify”.

The geological layers created in vector format, limes, points and polygons, were
converted into raster format using the spatial ymsltool ‘feature to rastér The
resulting raster layers were reclassified by meahsthe ‘reclassify” tool. The
reclassification allowed quantitative values to dmsigned to the qualitative classes
previously obtained. For the favorable environmeotaditions, i.e. stable conditions,
values of 1 and 2 were assigned. For the unfawerabl/ironmental conditions more
high values, 4 or 5, were assigned. In each cas&ighest assigned value depended on

the number of classes determined in the specifityais.

97



5. Results: SEPRA application and validation

After this, the faster calculator” tool was utilized in order to generate a combined
analysis of the considered geological aspectscdéordance with the established classes
and the mathematical operations of the raster lzdbm) the resulting raster layer
summarizes the general behavior of the geologicaiponent. In general, the obtained
lowest values indicated conditions of lowest indityh while the largest values indicated
conditions of highest instability. Thus, the resgtlayer shows, for example, that areas
affected by high seismic intensity, located witthe buffer area of geological faults and
with very fragile lithology are classified as highhstable. In the other sense, those
sectors of the studied areas with the lowest le¥edeismic intensity and lithological
fragility as well as those located far from a gegwdal faults, are catalogued as

geostructurally stable.
5.1.2 Hydro-geomorphological stability

The term hydro-geomorphology designates the stddiamdforms as caused by the
action of water. Water is one of the most impori@gents in the shaping of land forms
(Scheidegger, 1973; Babar, 2006). In accordanclk this assumption, in the SEPRA
model an integrated evaluation of the geomorpholdgand hydrological features is

performed. The process follows the steps showngurg 5.3.

Componer { Hydrology Geomorphology
A 4
| Relief |
< \
(| s v
< x 2 DEM
o9 o
2 % 3 4 v v
Parameteq 5 c £ =
> ] [ = o ©
T @ o © o o
AR | |85
3 <
\
A 4 A 4 A 4 y
Analysis Buffer Density Land forms units
criteria 100 m.
|
— *
Result { Hydro-geomorphological stability
Figure 5.3: Analysis of hydro-geomorphologicallslisy-instability.
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The analysis of the hydrographic aspect is basetherstream network, digitalized as
part of the base maps of the study areas. Intespiasial analysis it is considered that the
dynamic of the stream flow and its relation witke theomorphological processes can
generate conditions of instability e.g., regressawel lateral erosion of the channels,
landslides and floods. Therefore, it is assumed tthe areas located in the nearness of
the stream channels are potentially more affectethb dynamic of the stream flow,
especially in conditions of overflow. Thus, arouoidthe principal streams are buffer
zones established in which those zones more vdileeta being affected by landslides
and floods as a consequence of fluvial dynamicsrenleded. To generate these layers

bufferandidentifytools were used

Geomorphological and relief aspects were also derlun this analysis. In one sense, the
geomorphological map was analyzed in order to iflethe areas where mass
movements could occur with higher intensity. Thuas,layer with spatial units
characterized by its risks of mass movements w#airad. Next to this, a map of the
geomorphological units or land-form units was aedabased on the analysis of the
Quaternary deposits and the several derivativaeeoDEM, i.e. slope, slope aspect and

relief curvature.

These three layers: buffers of the streams, masements risk and land forms units,
were converted into raster format and reclassiiiiedrder to build a final result which
integrates all of these geo-hydrological aspects.atcordance with the selected

classification, maps on the hydro-geomorphologstability were obtained.

In general, the areas classified as hydro-geomdwgloally stable are those in which the
analyzed parameter shows behavior that can befigdads low risk, i.e., located far
from stream channel, less affected by flood pracessited in areas of relatively plain
relief, but also with low potentiality of mass mavents. In this sense, the hydrological
and geomorphological risks play a decisive funciiorthe determination of the hydro-
geomorphological stability. Consequently the riskKsflooding, mass movement are
considered as expressions of hydro-geomorpholomistdbility.

5.1.3 Erosion susceptibility

Erosion is a natural process resulting in a rdégeling. As a consequence, erosion of
hill slopes is one of the major sources of sedimgatd in rivers and downslope
sedimentation (colluvial deposits, alluvial depssfan deposits). The amount of surface
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runoff available and the potential energy giverteduines the intensity of the erosion

processes (Schatt and Thiemann, 2001).

Although erosion is a natural process, its nattatds are altered by a variety of human
activities that disturb the land surface (Toy andtEr, 1998). Soil, topography, climate,
vegetation cover and human activities are the fomesdal factors that intervene in the
soil erosion risk (Paez, 1984; Delgado, 1997; Reérelr al., 1997), which interact
intensively, with a varying load of factors duethe local conditions of the landscape.

In the proposed spatial analysis, an approachsdéethe multifactorial causes of the
erosion process is the basis, for the erosion ptibdgy assessment. The various steps

that compound the proposed model are showed iné-g.
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Result { Erosion susceptibility

Figure 5.4: Analysis of erosion susceptibility.

<

Three physical factors that intervene in the emgoocess have been considered in the
analysis of erosion susceptibility i.e., geomorpiggl soil and climate. For each of them,
different parameters and criteria of analysis westablished according to several
approaches explained more widely in the Chapter 4.

There derivatives of the DEM are considered indhalysis of the relief: slope, slope
aspect and relief curvature. The slope analysishaaed on the premise that the more-
inclined terrain units have a higher erosion riSk. the contrary, those lands with lower
inclination offer more possibilities of anthropogemterventions and better conditions
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of geomorphological stability as well as lower @oosrisk. In accordance with the local
conditions of the relief of each study area, sliand different classes were established

for this parameter.

The aspect estimates the exposition of the sldpess considered in order to determine
the slopes with orientations to the east and towbst. East-exposed slope, in tropical
zones receives the highest daily radiation (suriages). Unless local factors dictate
otherwise, a sunny slope will be frequently warntgyer, covers by scarcer vegetation
than a sheltered shady slope. Instead, a shadg slitigbe potentially fresh, humid, and

covered by denser vegetation. Due to its favorebielitions for erosional processes it is
expected that sunny slopes will be more affectedséy erosion than shady slopes
(Zamora, 2002; Ayala et al., 2007; Martinez, 2008).

With respect to the curvature of the slopes, tredyars considered the references which
indicate that convex forms are subjected more tsienal processes, while concaves
forms are more subjected to accumulation. Lineast@ight slopes curvatures present
high runoff levels as well as a moderate and higisien process (Di Stefano et al.,
2000; Siepel et al., 2002; Reike and Zapp, 2005).

In order to obtain the indicated layers the comesiing tools of the 3D analyst
extension (ArcGis 9.1) were used. The resultingerasayers were reclassified in

accordance with suitable classes for each stugy are

Soil conditions of the area were analyzed in acwocd to elaborated soil maps. Taking
into account bibliographic references about thespay characteristics of the described
soil units, maps about the natural erosion rislsafs were created for the two study
areas. These vector layers were then convertedsterrand reclassified as explained
before.

Rainfall conditions were also involved in this ayss. In accordance with the available
precipitation data, the Modified Fournier IndexrfréArnold (1980) cited in Pascual et al.
(2002) and Andrade (2007) is chosen as the methadalysis. This method allows the
aggressiveness of the rainfall to be determinedm®ans of the monthly average
precipitation and the annual average precipitatidme values were plotted in a vector
layer in accordance with the localization of theteoeological stations. In order to

estimate the values for the whole area, the vdai@r was processed by means of the
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Kriging interpolation technique, with twelve neigithoods, which is available on the

Spatial Analysextension of ArcGis 9.1.

Finally, the five raster layers obtained in thislgsis, slope, aspect, curvature, erosion
risk and MFI, were combined by meansraéter calculatorin order to obtain a final
map which summarized, in accordance with the astadd thresholds, the soil erosion

susceptibility of the study areas.
5.1.4 Fragility of ecological units

As already indicated, vegetation cover builds arpdrtant indicator of general
environmental conditions, because it is the prodafcecological characteristics and
anthropogenic interventions. Vegetation can beidensd as an indicator of ecological
units because it integrates several environmergpéds like climate, relief or soils
(Atarrof and Sarmiento et al., 2004). In this wdnk conditions of the natural vegetation
have been identified as ecological units in theecak Rivas Davila Municipality or

vegetal formations in the case of Quibor Valleygufé 5.5 contains the steps of this

analysis.
Component { Vegetation
Parameter { Vegetation cover
Analysis Density an
criterion developmer
v
—
Result { Fragility of ecological units

Figure 5.5: Analysis of fragility of ecological ugi

Once the types of vegetation cover of each teraitoinit are identified, a reclassification
was performed taking into account the charactesstf density, evolution and
development of each unit. Thus, for example, thasggetation types located in areas of
climatic stress (very cold or very dry), e.g. paoanor semi-arid ecosystems, are
considered as highly fragile. In general, theseetatgn formations are the product of
complicated and very long processes of evolutidreyT after interventions, alterations

or destructions, will have a practically null reeugtion, due to the restrictive ecological
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conditions. Due to the same reasons, the vegetaitits highly developed in either

density, size and ecological complexity are catadbgs highly fragile.
5.1.5 Intensity of land-use

The intensity level of the land-use is establisagdn indicator of the human impacts of
on the ecological conditions. It is recognized tlaaid-use constitutes the main human
trigger of alteration of ecological conditions. Bhuby means of identifying the
affectation levels that represent each land-use, typgatives or positives impacts on the
environmental stability can be assessed (Figure 5.6

Component {

Parameter { Land-use type

v
Analysis
criterion

Intensity
and cove
Result { Intensity of land uses

Figure 5.6: Analysis of intensity of land uses.

Those land uses that implicate an intensive usenatfiral resources, with high
transformations of environmental conditions, am@ssified as highly intensive. This is
the case, for example, of intensive agricultureitian settlements. Other activities such
as natural conservation or some types of tradititarening of low intensity integrate the

group of activities of low intensity.

5.2. Rivas Davila Municipality

The application of the model of spatial analysitatkled in this section. The processing
is according to the sequential phases establisihédei flowchart of the model (Figure
5.1)
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5.2.1. Geostructural analysis

In order to create a seismicity map, the earthgaiakgistered during the last two
centuries with intensities larger than 4 MM, weletted (Map 5.1). The map shows the
high seismicity risk of the region, because sixhaf sixteen considered earthquakes had

intensities larger than 9 MM.
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Map 5.1. Intensity of the recorded earthquakesigaet800-2007.

Additionally, seven earthquakes had intensity leva@tween 7 and 9 MM. This means
that more than 75% of the considered earthquake® wealified as very strong,

destructive, ruinous or disastrous (see Table #aKing into account this high seimicity
and the relatively small area of Rivas Davila, ismdecided that the whole area is
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subject to a high seismicity risk. Consequentlgidt not seem appropriate to establish a
zonation in accordance with this parameter. In $kisse, seismicity was only considered

as a basic reference for the analysis, but wasinebtded as a spatial layer in the

analysis, as had been originally formulated.

The buffer zones along geological faults (Map 5v&)e built with a distance of 500 m
around the faults as defined by Gokceoglu et &I0T2 By means of this map marked
spatial differences can be pointed out. Thus, ¢fteslope is predominantly affected by
faults and, consequently, a more geomorpho-stralctiynamic can be expected there,

e.g., rocks fracturing, landslides or even erosioim. accordance with this layer, a

classification of the stability level, due to gegilmal faults, is determined.
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Map 5.2: Instability due to geological faults.
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It is defined that the zones inside the buffer Q@-5n) have very high instability, while
the remaining areas have high instability, becahey are not sufficiently far to be

considered unaffected by the faults.

The assessment of the susceptibility or fragilitytree bedrocks to the weathering was
also included in this analysis. The rocks of theat@rnaries deposits, located in the
valley bottom and conformed by unconsolidated comglrates of low weathering grade,

were considered as low fragility.
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Map 5.3: Fragility of the rocks.
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The Precambrian rocks of the Sierra Nevada formatymeisses, schists and granites
were classified as having moderate fragility duehiir stronger condition than young
rocks. Since their most susceptible characteristits two Paleozoic formations of the
area were evaluated as highly fragile. Therefdre, ghyllites, shales and limestone of
the Mucuchahi formation were classified as highifitg, while the shales, phyllites and
schists of the Tostés formation belong to the Vvegh fragility class.

The resulting raster layers where processed byaster calculatorto generate the map
of geostructural stability. The product (Map 5.4pas it to be concluded that the west
slope of the valley presents the highest geostraictnstability in accordance with the
predominance of an extended faulting zone anditftefhagility of the lithological units.
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Map 5.4: Geostructural instability.
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5.2.2 Hydro-geomorphological stability

This analysis implicates the identification of tiek areas associated to the hydrological
network. It is considered that the nearness oftleams is more subjected to instability
as a consequence of the hydrological dynamicspverflows, floods, undermining or

landslides among other processes. In this senséytirological network is processed by

means of théuffertool with a distance of 100 m around the streavies(5.5).
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Map 5.5: Hydrological risk areas.

This vector layer was rasterized and reclassifisdigning values of 4 to the buffer and 1

to the remaining areas. Thus, the instability efbuffer zones is emphasized.
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Geomorphological analysis is carried out focusingcpsses and forms. For the
geomorphological processes the identified landslale the different land units allowed
a zonation about the mass movement risk to be lettadd. Thus, the zones with the
most quantity of landslides were defined as théésgrisk and vice versa (Map 5.6).
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Map 5.6: Mass movement risk.

This map indicates that the valley bottom presembslerate risks to mass movement,
caused by its low inclination. Some specific slopesnot only dominated by landslides,
but also by a high risk of gully erosion. The ksgparts of the study area, integrated by
summits and hill slopes, were identified as higBkriand very high risk areas,

respectively.
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Additionally, geomorphological analysis is referrem the landscapes forms. In this
sense, from the topographic map (1:25,000) witkerual contours of 20 m, a DEM
digital elevation model was constructed. For this tespective tools of the 3D Analyst
extension of the ArcGis 9.1 were used (Map 5.7).
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Map 5.7: Digital elevation model.

From this DEM the layers of slope, slope aspectslage curvature were derived. The
resulting maps are presented in section 5.2.3.Becaf Rivas Davila is a relatively high
intermountain valley, its relief significantly inénces on the behavior of many other
environmental aspects, such as climate, geomorgholand even anthropogenic
interventions. There various types of landform simén be identified. Thus, a map of
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geomorphological units was elaborated (Map 5.&jntpinto account the localization of
the Quaternary deposits, as well as the inclinatfaihe slopes and slope curvature.
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Map 5.8: Geomorphological units.

By means of this map, the physiographic restrigioh Rivas Davila can be estimated.
More than 60% of the hillsides are characterize@ lmgh inclination grade. The second
largest land units are the scarped and gentle stanpwihich make up about 26% of the
whole area. Sectors of relatively low slopes aeelthw hills and the valley bottom which

represent about 3% and 9% of the surface area.
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Finally, the three layers, which were originallytaibed as vector data, were rasterized
and reclassified. In this classification lowestued (1 or 2) were assigned to the
favorable conditions and highest values for unfalteg conditions (3 or 4).
Subsequently, these raster layers i.e. streamrsufigass movement risk and land-form
units were summed by meansrakter calculatorwhich produced the map of hydro-
geomorphological stability (Map 5.9). In this lay#re lowest values indicated stable or

more stable areas and the highest values indidadtble or more instable areas.
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Map 5.9: Hydro-geomorphological stability.
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5.2.3 Erosion susceptibility

The analysis of erosion susceptibility constitutes of the most important components
of the spatial analysis model SEPRA because hasproduct of the integrated analysis
of geomorphologic, soil and climatic aspects. Tist fsection of this analysis is the
analysis of the DEM and its derivatives, i.e. slagglepe aspect and relief curvature.

The slope map was constructed from the DEM withubke ofslopetool (3D Analyst
extension ArcGis 9.1) with a grid cell of 20 by @0and generated in percentage (%).
The result (Map 5.10) indicates the predominany gézep slopes of the relief.
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Map 5.10: Slope.
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About 55% of the area is covered by slopes withenthan 50% of inclination. Sectors
with inclination lower than 10% are basically loadton the lowest section of the valley,
covering only about 4% of the whole area. The mntervened sectors of this study
area, mostly located on the valley bottom have latdd, rolling and hill steep relief
with inclination rates between 10 and 30%, whicpresent 17% of the Rivas Davila.
Taking into account that the potentiality of th@sve process could increase with the

increase of the inclination a suitable classifamatvas defined (Map 5.10).

A curvature layer was also built by using the resipe tool of ArcGis 9.1 (Map 5.11).
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Map 5.11: Curvature.
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In order to avoid very detailed results of sma#lize cells, this layer was computed with
a cell grid of 70 by 70 m. The map delimits thefgygoconvex and plain convex relief

where the energy of surface runoff is increased emmkequently increases erosion
processes. In contrast, in profile concave andnptaincave relief the energy surface
runoff decreases and leads the accumulation ofregds (Thiemman, 2006). The values
were reclassified by assigning the highest valjed4convex relief and the lowest (1)

value to concave relief. For profile and plain onih mean values were assigned.

The relief analysis concluded with the evaluatibthe slope orientation (Map 5.12).

71°540"W 71°520"W 71°500"W 71°480"W 71°460"W
1 1 1 1 1

Rivas Davila Municipality
Mérida - Venezuela A

8°180"N
1
)
8°180"M

8°16°0"N
1

1
8°160"M

8°140"'N
1
I
8°14'0"N

8 120'N
1
)
8°120"N

Slope Aspect

 Vvest
mm Northwest & Sothwest

[ Northeast & Southeast

—East
— Rivers

8°100"N
1
1
8°100"N

Kilometers

Source: Cartografia Nacional Hojas 5840-1V-NE, 5840-1V-SE, 5040-1V-50. Scale 1:25000

1 ) ) 1 1
71°540"W 71°520"W 71°500"W 71°480"W 71°460"W

Map 5.12: Slope aspect.
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As a fundamental premise, it was accepted thagdlseexposed slopes (sunny slopes) in
tropical regions are warmer and dryer than wests&g slopes. Subsequently, it is
assumed that the sunny slopes conditions inducernbson processes, because of its
dryer microclimate and, consequently, more limtasi for the development of dense
vegetation cover. In accordance with the valuesvshm Table 4.2 (Chapter 4), the
aspect layer was reclassified. The east-exposee slas classified as 4, while the west-
exposed slope was classified as 1. North and sexplsed slopes were classified as
mean values.

A map of agricultural soil suitability was also &red (Map 5.13).
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Map 5.13: Soil suitability.
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The map elaborated by Castillo (1972) establishedaigro-ecological suitability of the
soils by means of seven soil classes, considemvgral factors such as soil depth,
texture, inclination and susceptibility to erosiorhus, taking into account this last
factor, the original soil units were reclassifieslvaas shown in Map 5.13. The resulting
vector format map is converted to raster and reiflad. Moderate restriction was
catalogued as 2, which means moderate susceptitnlierosion; high restrictions and
very high restrictions were catalogued as 3 andii¢ch mean high erosion and very

high erosion, respectively.

The analysis of the erosion susceptibility is costgd with the assessment of the
aggressiveness of the rainfalls, according to thediféd Fournier Index. For this
process, annual average precipitation and montigrage precipitation of nine
meteorological stations are utilized. The resuluga are interpolated by means of the
Kriging technique, with 12 neighborhoods, available the 3D analyst extension of
ArcGis 9.1 (Map 5.14).
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Map 5.14: Modified Fournier Index.
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The five raster layers prepared in this analysesspgocessed by means of the addition of
the layers with theaster calculatortool. According to the established classes foheac
considered layer, the results can be understoallaws: highest values indicate highest
susceptibility to soil erosion processes. Contaribwest values indicate lowest

susceptibility to the soil erosion processes (Mdph
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Map 5.15: Erosion susceptibility.

Areas classified as having very high susceptibiidyerosion are constituted by those
predominantly located on very steep slopes, sutmyes or those where the rainfall
aggressiveness shows the highest values, likedhbaast of the valley. Areas with the

lowest susceptibility to erosion appear basicailythe valley bottom.
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5.2.4. Fragility of vegetation units.

For the analysis of the vegetation cover a maghefdcological units of Rivas Davila

was utilized. This map, constructed by Ataroff éddrmiento (2003) establishes the
predominant vegetation units of the area takingatic and physiographic aspects into
account. In spite of theoretically all vegetatianits can be defined as vulnerable to the
intervention process. However, some indicatorsritesd by these ecological units allow

several grades of fragility to be established,, elgnsity, height, diversity and ecological

complexity. Thus a map of the ecological fragiligis constructed (Map 5.16)
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Map 5.16: Ecological fragility.
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The extremely fragile vegetation is integrated bg paramo unit, which represents a
type of vegetation developed in elevations abov@03® and cold and humid and sub-
humid conditions. Due to the restrictive ecologicharacteristics, frequently, once this
vegetation has been disturbed it has very few pibisigis of recuperation. In the second
place the high montane cloud forest was definedichwitan be qualified as the

vegetation cover that is most dense, diverse amdatigest forest of the area. Due to its

ecological complexity, after alterations the reaagien is very limited.

In contrast, other vegetation units located in sreath more favorable ecological
conditions, once intervened could be recuperatedl lielatively shorter period of time.
This could be the case of the montane semidecidtmrest, qualified as moderately

fragile or the low montane dry evergreen forestingel as fragile.
5.2.5 Land-use intensity

The human impact on the physical and ecologicalditmms of the environment is
assessed by means of the evaluation of land usethel case of Rivas Davila, the
elaborated layer of the land-use types is usettabdsis for this analysis. To carry out
this assessment it is assumed that land uses rtidicate high disturbances on the
natural resources are classified as high intensityther sense, those land use where
natural resources can be maintained unalteredascedy altered, are considered as low

intensity.

In accordance with these basic references, a mait dbe intensity of the land uses is
obtained (Map 5.17). In this map, the areas subgjettt intensive croplands are classified
as those most affected by anthropogenic use. Taeses are basically located on the
valley-bottoms where due to the favorable cond#johuman activities have been
traditionally carried out. However some hills, suitsnand other areas with steep slopes

are included in this category due to the incredseyocultural land in these zones.

In contrast, the most inaccessible areas, charaeteby very steep slopes, especially
located on the east side of the watershed, wessitikd as low intensity. In these zones
only incipient human uses have been carried outseguently the natural conditions

have been maintained.
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Map 5.17: Intensity of the land uses.

5.2.6. Physiographic restrictions

The last five obtained maps are the basis for argkanalysis level. Thus, a map that
summarizes the restrictions for human interventioms accordance with the
physiographic conditions of the area, is produddap 5.18). The generation of this
layer is embedded into the sequential processas$ida making on which this model of
spatial analysis is based.

In this case the maps 5.4, 5.9 and 5.11 are caesidee. geostructural stability, hydro-
geomorphological stability and soil erosion susitegly. The result (Map 5.18) is the
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product of the addition of the values containethim attribute table of every layer. This
process was computed by means of the already eeplaaster calculatortool. In
accordance with the utilized evaluation system,dbtined high values indicate high
restriction levels, whereas the low values indi¢ate restriction levels.
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Map 5.18: Physiographic restrictions.

A suitable classification is defined with five nestion level: moderate, high, very high,
severe and very severe. The very severe restrictawa found around the principal
hydrographical network, where the flow dynamicdha flow determine a high level of
restriction adjoining to the channels (100 m acocwdo the established threshold).

Lands of severe restrictions ware located on thet wpe of the valley, along the
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faulting zone, dominated by very steep slopes, higiiro-geomorphological instability
and very high susceptibility to erosion processcakding to the previous results, most

of the valley bottom is identified as having modernahysiographic restrictions.
5.2.7. Landscape sensitivity

Based on the physiographic restrictions (Map 548) the ecological fragility (Map
5.16), a new layer is processed. In this casepHjective was to produce an integrate
analysis of the physiographic and ecological isgiep 5.19).

71°540"W 71°520"W 71°500"W 71°480"W 71°46°0"W
i 1 [l 1 |

Rivas Davila Municipality
Mérida - Venezuela

&°180"N
1
T
8180\

&16'0"N
1
T
8 160N

&°140"N
1
T
8 140"N

& 120'N
1
T
8°120"N

Landscape sensitivity

mm Moderate
[ High

1 Very high
Severe

I Very severe
—— Contour (m a.s.l) =
— Rivers

&*100"N
1
8°100"'N

Kilorneters

Source: Maps of National Cartography: 5840-IV-NE, 5840-1%-SE, 5040-1%-50 Scale 1:25000

I 1 1 1 1
71°540"W 71°520"W 71°500"W 71°480"W 71°460"W

Map 5.19: Landscape sensitivity.
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As in previous cases, the addition of the layersnieans of theaster calculatorwas the

applied method.

The principal results obtained by the map of physiphic restrictions were maintained:
the hydrological network is valuated as very sdesitvhereas elevated and relatively
plain areas of the valley bottom are valuated hth lowest sensitivity level. However,
some specifications could be found, especially ery steep slopes. For example, some
slopes that had been classified with very high moyaphic restrictions are divided into
two classes: very high and severe sensitivitycttuored as consequence of the different

levels of fragility assigned to the vegetation aoeat characterizes these terrains.
5.2.8. Land-use suitability

Finally, a last layer was generated by means ofritegration of the layer’s landscape
sensitivity (Map 5.19) and the one of intensitytied land uses (Map 5.17). The objective
of this analysis is to compare the physiographid &cological conditions of the

landscapes.

This layer was generated by means of a suitableepsoadding the respective attribute
table and applying theaster calculator(Map 5.20). The map offers an overview of what
intensity the land uses have on each level of leaquks sensitivity. Thus, the land units of
Rivas Davila classified as having very severe laags sensitivity and are currently used
by very high intensive land-use types can be lataldese zones will be the most
problematic areas in which very strong measuresnefronmental control need to be

applied. In contrast, those areas classified amgdow sensitivity and occupied by the

lowest land-uses intensity, are precisely the landls where the lowest environmental

problems are expected. By means of this layentbst important references needed to
produce a land-use plan can be obtained.

In this case, the map indicates that a large plath® Rivas Davila, about 35%, is
characterized by forest and natural uses, locateddas of severe landscape sensitivity.
It suggests that these areas, due their naturtaictems, are used by the most indicated
land-use type: natural protection, which needs ¢onmaintained in order to avoid
negative consequences that could be caused by lathéuse types. Secondary it is
found out that 17% of the study area is coverediobgst, located in zones of moderate

landscape sensitivity. This also seems to be thst rsoitable use of these areas for
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preserving the natural resources and guarantee itimosd of environmental
sustainability.

The more critical conditions, in the relation betweanthropogenic uses and landscape
sensitivity, occur in c. about 5% of the area. Ehedensive uses, such as intensive
cropland, are developed on areas classified angaavere sensitivity. Most of these
sectors are integrated by intensive agricultureiedmout on the nearness of riverbanks
and in their floods plains. All of these considemas are taken into account in order to
produce a final proposal of land-use planning foraR Davila Municipality, which is
finally presented in Chapter 6.
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Map 5.20: Land use suitability.
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5.3 Quibor Valley

The application of the model of spatial analysishi@ case of Quibor Valley is presented

in this section. The analysis follows the sequend&ated in Figure 5.1.

5.3.1. Geo-structural analysis

A seismic map was constructed taking into considgetihe intensities of 24 earthquakes
registered during the period 1800 to 2007 accordinghe Modified Mercalli scale
(MM) (Map 5.21). The earthquakes, larger than 4 MiMlicate the high seismicity risk
of the region. About 40% of telluric movements welassified as larger than 7 (MM),
which means that they have been very strong omuwdste. The other 60% of the

earthquakes reached classified as rather strosgang.
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In accordance with the relatively small surfacettos study area, it was decided that

Quibor Valley is wholly affected by high seismicity

The second aspect involved in this analysis isrredeto the geological faults. As was
explained in Chapter 3, this study area is strongfluenced by the faulting zone
associated with the Bocon¢ fault (CIDIAT, 2004).s fault, the most active geological
fault of the Venezuelan west, is located only al®Wm from southeast of the valley
(Ecology and Environment, 2004). For this analysidfer zones were built around the
geological faults with a width of 500 m on bothesdf the fault line (Map 5.22.).
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Map 5.22: Instability due to geological faults.
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Thus, the areas within the buffers were cataloggebaving high instability, whereas the
remainders were classified as having moderate hitisya The areas more directly
affected by the fault are also the zones with niackned relief of the valley, constituted
by the low hills around the alluvial flat. In theseeas, processes of rocks fracturing,

landslides or even erosion with more intensityexgected.

The fragility of the rocks of the geological fornmats was also identified. The
Quaternary deposits were valuated as of low fitggliecause their rock materials,
constituted by unconsolidated conglomerates, aredan the subsoil, below the surface

materials constituted by clay and silt.
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Map 5.23: Fragility of the rocks.
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5. Results: SEPRA application and validation

The bedrock of the Eocene formations Moran and tdegaconstituted by sandstone and
lutites were classified as highly fragile due ®high grade of softness and weathering.
The Barquisimeto formation (Cretaceous) composdadrafstone, lutites and marlstones
were classified as moderate fragility, due to logiade of metamorphism.

The resulting raster layers were processed byakter calculatorin order to generate
the map of geo-structural stability. The produdbvaed it to be concluded that the hill
zones of the valley present the highest geo-stralkctnstability in accordance with the
predominance of the extended faulting zone andhighk fragility of the lithological

units. By means of combining the two last layess, instability of the geological faults

and rock fragility, a map of geo-structural stabilvas constructed (Map 5.24).
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Map 5.24: Geostructural instability.
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5. Results: SEPRA application and validation

The results indicated high geo-structural instgbif the hills in the area because of the

fragility of the rocks as well as the faulting stture that were identified there.
5.3.2 Hydro-geomorphological stability

The hydrological network of the valley was procelsby means of the buffer tool in
order to identify the area subjected to conditiohkighest instability around the stream.
This instability is determined by the larger risk averflows, floods, undermining or
landslides due to the hydrological dynamic. In ttése, the buffers were built with a
width of 150 m around the streams (Map 5.25).
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Map 5.25: Hydrological risk areas.
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5. Results: SEPRA application and validation

Due to the semiarid conditions of the area, thenplgief of the valley bottom as well as
the intensive use of the surface water, severgl me@ermittent streams are identified in
only some stretches of the alluvial flat. Normaltiiese streams conclude in natural
depressions or lagoons, where they lose their atiomewith the hydrological network
Geomorphological aspects were analyzed in reldtidhe process and land forms. Thus,
the predominant mass movements were identifiedderao establish a zonation of the

mass movement risk (Map 5.26).

69°42'0"W 69°39°0'W 69°36°0"W 69°33°0"W 69°30°0"W
1 1 1 1 1

Quibor Valley
Lara - Venezuela

L\7

10°3'0"N
1
T
10°3'0"N

9°57'0"N 10°00'N
1 1
T

10°00"N

T
9°57'0"'N

9°54'0"N
1
T
9°54'0"N

Mass movement risk

JLow

[ Moderate

I High

— Contour (m a.s.l.) -
Stream

9°51'0"N
1
9°510"N

0051 2 3 4 5
Source: Sistema Hidraulico YacambU-Quibor - FUDECO, Kil ¢
1990. Scale 1:25000. Funvisis, 2004. Jegat, 2005. ometers

T ) 1 T L
69°42°0"W 69°390'W 69°36°0"W 69°330"W 69°30'0"W

Map 5.26: Mass movement risk.

The largest risks were identified in the hills ahd alluvial fans where slopes, lithology

and the structural instability are the principaiders of these processes.
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5. Results: SEPRA application and validation

Land forms were analyzed in accordance with théaliglevation model DEM that was
built by means of the 3D Analyst extension of thre@is 9.1 (Map 5.27).
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Map 5.27: Digital elevation model.

From this DEM, and using the respective tools eifleby ArcGis 9.1, the derivatives
slope, slope aspect and slope curvature were @oktairhe resulting maps are presented
in section 5.3.3. According to this DEM the predoarice of plain relief in the valley
bottom can be observed. Besides the lowest ancs$tigiections of the area most of the
valley bottom varies between 600 m a.s.l., in toethwest, and 700 m a.s.l. in the

southeast: this is the area more intensively oetlpy agricultural activities.
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5. Results: SEPRA application and validation

According to the land forms, three geomorphologigaits were identified: alluvial flat
which covers about 66% of the area; alluvial faomsering about 14%; and low hills,

covering about 20% of this study area (Map 5.28).
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Map 5.28: Geomorphological units.

Finally the above three layers, which were oridinabtained in vector format, were
converted to rater formatd@nvert to raster and reclassified in accordance with the
indicated thresholds. These raster layers whetesesently, summed by means of the
raster calculatortool. The highest values indicate unfavorable domts of hydro-
geomorphological stability, whereas the lowest galundicated the more favorable
conditions of hydro-geomorphological stability (M&29).
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5. Results: SEPRA application and validation

The map indicates moreover that the stable areasa@rstituted by about 25,000 ha
(56%) of the area; the zones with instable hydrorgarphological conditions represent
about 5,000 ha (11%). The remaining 14,400 ha (3¥%)e area were classified as very
instable. These areas are constituted by the zohesore inclined relief in the hills

around the valley, and the nearness of the str@athg alluvial flats.
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Map 5.29: Hydro-geomorphological stability.

5.3.3 Erosion susceptibility

This analysis integrates geomorphological, soits @mmatic aspects which are the some

of the most important physiographical features oesgble of the erosional processes.
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5. Results: SEPRA application and validation

The first step was the analysis of the DEM dernxegti slope, slope aspect and relief

curvature.

The slope map, constructed using st@petool (3D Analyst extension ArcGis 9.1) with
a grid cell of 10 by 10 m, is show in Map 5.30.
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Map 5.30: Slope.

The plain relief with slope less than 2% dominatesst of the surface of the valley,
covering about 58% of it, while only 6% of the esllhas a relief inclination larger than
15%. Taking into account that the potentiality loé erosive process could be the largest
in those more inclined areas, the largest erosaia rs expected in those sections
constituted by hills and alluvial fans.

A curvature layer was also built using the respediol of Arc-Gis 9.1. (Map 5.31).
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Map 5.31: Curvature.

This second derivative of the DEM delimits the geotonvex and plain convex relief
where the energy of surface runoff is increased @amsequently the erosion processes
increased. In profile concave and plain concaviefréie energy surface runoff decreases
and leads to the accumulation of sediments (Thiem@@06). Here, as was done in the
other study case, the values were reclassified 9sygaing the highest value (4) to
convex relief and the lowest (1) value to conceesleet. For profile and plain straight
curvature mean values were assigned. Due to the imamogenous relief forms, the
most of the valley has a straight curvature ané@cicordance with the grid cell used (10
by 10 m) only concave and convex curvature wer@dau the hills and alluvial fans of

the valley.
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5. Results: SEPRA application and validation

As the final part of this relief analysis the slopeentation was also evaluated (Map

5.32).
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Map 5.32: Slope aspect.

This analysis was based on the premise that incabpones the east-exposed slopes are

frequently warmer and dryer than the west-exposgoks due to these slopes receiving

more radiation. In accordance with the scale ofuateon shown in Table 4.2 (Chapter

4) it was assumed that in the sunny slopes comditomuld increase erosion, because of

their dryer microclimate and, consequently, higheritations for a dense vegetation

cover. Thus, larger value (4) was assigned to #st-exposed slopes, while the west-

exposed slopes were classified as 1. North- anthsogposed slope were classified as

mean values.
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5. Results: SEPRA application and validation

The intrinsic conditions of erodibility of the seilwere also analyzed. MARN (2007)
classified the soil of the Quibor Valley as aridés@ntisols, and inceptisols. A map of
soil erodibility was built taking into account tgeneral characteristics of these soils, as
well as several soil assessments carried out ibdMalley (Map 5.33).
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Map 5.33: Erosion risk.

The soils of the valley are characterized as bhigply affected by erosional processes
(Ecology and Environmental, 2004). Thus, the sailsthe hills have a very high
erodibility. They are shallow, very fine texturesdarelatively impermeable, with
problems of calcite salinity; and are considereduitable for agriculture or ranching

use. These soils are covered by an associatioheotalumnar cactus cardo@dreus
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5. Results: SEPRA application and validation

deficiens) and cuji P. juliflora), and a practically non-existent ground cover. &As

result, soil erosion rates are extreme, with veonpunced gully erosion (UPND, 2005).

In the valley bottom -despite it being deeper-, $bés constituted basically by entisols,
present important limitations as they are locatedhie hills and are considered very
susceptible to degradation (UPND, 2005). Here,sthiés vary between clay and clay

loam, presenting a silt fraction larger than 50%niost part of the area. This determines
a low structural stability and a high susceptipilip the water and wind erosion

(Villafafie, 1999). In spite of them being likelyfedted by erosion processes, the
aridisols located mostly in the northeast weresifeexl as of moderate erodibilty, due to

its sensible higher grade of development and aecomf organic matter.

The map obtained in vector format was convertecster and subsequently reclassified
assigning a value of 2 to those catalogued as ratelerodibility, and 3 and 4 for those

considered as high and very high erodibility, resipely.

Finally, the Modified Fournier Index (MFI) was emgkd as an indicator of the
aggressiveness of the rainfalls. For this processjual average precipitation and
monthly average precipitation of nine meteorolobistations were utilized. The
resulting values were plotted on a digital layed,asubsequently, interpolated by means
of the Kriging technique, with 12 neighborhoodsaitable on the 3D analyst extension
of ArcGis 9.1 (Map 5.34).

The results indicate a predominant low aggresss&é the rainfalls in Quibor Valley.
However, it should be taken into account that @ ktructural stability, the scarce
organic matter and the very sparse vegetation comeld increase the condition of the

erodibility of the soils.
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Map 5.34: Modified Fournier Index.

The final step of this partial analysis consistedhie addition of the five raster layers by
using theraster calculatortool of ArcGis 9.1. In accordance with the esttiid classes
for each considered layer, the results indicatet th& largest grade of erosion
susceptibility is related to the soil located ie thills and alluvial fans of the study area.
However, some lands of the valley bottom were idetlin this class as a consequence
of their slope, slope aspect and their physicaldimns of erodibility. Values of
moderate erosion susceptibility were obtained foroat the whole valley bottom. The
result allows a summarized overview of the potéityiaf this natural or induced process

of soil degradation
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Map 5.35: Erosion susceptibility.

Areas classified as having very high susceptibtltgoil erosion are constituted by those
predominantly located on steep slopes, sunny slopesere the rainfall aggressiveness
shows the highest values, such as those of thésest of the valley. Areas with the

lowest susceptibility to soil erosion are integdatssically by the lands of the valley

bottom.

5.3.4. Fragility of vegetation units

The vegetation cover was analyzed by means oftife® tdominant vegetation types of
the area. Due to the limited conditions of atmosighteumidity, which determine a very
high deficit of soil moisture, the natural vegetatis composed by thorny shrub and very
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5. Results: SEPRA application and validation

dry forest which are highly vulnerable to the dibances. In spite of some zones of the
area presenting vegetation cover in relatively ratconditions such as some sections of
the hill around the valley, most of the valley lbott lacks of natural vegetation. When
this vegetation is present in these zones repr@senaries or secondary successions as a
result of ancient processes of disturbances. B sbnse, the analysis of this parameter
was oriented to determine priorities of conservatibhis means that the areas where
natural vegetation can still exist were identifesl the highest priority for conservation
(Map 5.36).
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Map 5.36: Priority of conservation of the vegetatmover.

According to this map the highest priority for censtion should be given to the very
dry tropical forest, located in the southwest @& #nea, where more favorable bioclimatic
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5. Results: SEPRA application and validation

conditions allow its development. This is the mo@tplex and dense vegetation cover
of the area. The dense thorny shrub located irhilleearound the valley was classified

as high priority. In the valley bottom the vegesathas less ecologic importance, due to
its high grade of disturbance and the predominasfcagriculture lands. However,

particular relicts of natural vegetation that canfbund in small scale, basically around
the streams, lagoons or in abandoned areas, ceulgrdiected by means of specific
projects which could be conceived as part of a pfaenvironmental management of the

agricultural areas.
5.3.5 Land-use intensity

The anthropogenic impacts on the physical and gadbconditions of the environment
were assessed by means of the evaluation of thdeulses. To carry out this evaluation, it
was concluded that the land-use types developddrtipdicate intensive affectations of
the natural resources, would be classified as imtgnsity. At the same time, those land
uses, in which the natural resources can be maadaiunaltered or scarcely altered,

would be considered as low intensity.

In regard to these premises the land uses wergzauhaln order to generate a map of
intensity of the land uses (Map 5.37). The mapdatdis that areas subjected to intensive
croplands are classified as those with the higpetntiality of alteration of the physic-
natural conditions. These areas are constitutdatidse in which agricultural activities by
intensive processes of land exploitation are caraet, frequently without measures to
prevent potential environmental impacts are notsiared. There, the agriculture use
irrigations systems which do not consider rationak of the water, such as drop
irrigation, and with an over-exploitation of theusf@r. This causes a lowering of the
water table and salt-water intrusion which has beeoved through an increased
electrical conductivity (an indicator of salt comfeUPND, 2005.

Areas occupied by human settlements as well asdaipad land without vegetation
cover or cropland, were classified as of high isign In the towns, the environmental
impacts are related to the generation of noisetevasd wastewater, as well as the
frequent anarchical forms of urban expansions. Abard lands represent frequently
degraded areas as a consequence of intensive lagatwses. Actions of natural

recuperations must be developed in these areas.
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5. Results: SEPRA application and validation

The least affected areas are constituted of thosehich vegetation cover can still be
found in conditions of relative naturalness. Thizsels are basically located on the hills

around the valley as well as in some particulatises of the valley bottom.
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Map 5.37: Land-use intensity.

5.3.6. Physiographic restrictions

The first five results of the proposed spatial madere used for further analysis in order
to achieve global results. The first analysis latezl to the physiographic restrictions of
the area. For this integrate analysis the geodstraic stability, the hydro-
geomorphological stability and the erosion susbdfyi were considered. These three
raster layers were processed by means of addiuthsthe raster calculatortool. The
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results indicate the general restrictions of thgspigraphic aspects involved in this

spatial analysis (Map 5.38).
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Map 5.38: Physiographic restrictions.

In accordance with the earlier results, in thislay can be identified that the areas of the
highest physiographic restrictions are locatechantiills and the alluvial fans. These are
precisely the lands affected by the instability -géwoictural, with the highest relief

inclination and extremely vulnerable soils. Priradip the areas potentially affected by
the hydro-geomorphological dynamic of the streanerewdefined as having high

restrictions. Finally, the lands of the valley toot were identified as having moderate
restrictions. This means that, in spite of the gioetural characteristics, relief and soil

allowing anthropogenic uses to be carried out wifie most favorable conditions.
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However the interventions need to be developed idensg its moderate level of
physiographic stability.

5.3.7 Landscape sensitivity

The assessment of the landscape sensitivity isn@atahrough the integrated analysis of
the physiographic restrictions (Map 5.38) and jies of conservation (Map 3.36). The

objective of this evaluation is to produce a laiyewhich the dominant landscape issues,

i.e. physiographic and ecological features, casyim¢hesized (Map 5.19).
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Map 5.39: Landscape sensitivity.

This layer was also computed by means of the axhdaf the basic layers with tmaster
calculator. The landscape sensitivity maintainsipres results. Thus, the sectors of the
valley located in the southwest, where very higlyspbgraphic restrictions with very
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high priority of conservation of the vegetation ammnbined, were classified as having

severe conditions of sensitivity.

Very high sensitivity areas were found in the loilshand alluvial fans of the valley.
Previous analysis had identified the restrictivggpgraphic conditions as well as high

priority of preservation of the natural vegetatiorihese zones.

Sections of the hydrographical network in the walb®ttom as well as the lowest zones
of the alluvial fans resulted in landscapes witghhsensitivity. Finally, most of the
valley bottom was classified as landscapes of natdesensitivity.

5.3.8. Landscape suitability

As a final product of the proposed spatial analgsiayer for the landscape suitability
was generated. This map integrates the layersnafst@ape susceptibility (Map 5.39)
with intensity of the land uses (Map 5.37). Theeahliye of this analysis was to compare
the physiographic and ecological conditions of lHr@scapes with the intensities of the

land uses.

The technical process implicated the addition ef lyers using theaster calculator
The product is presented in Map 5.40. By meankisfrhap it can be located which land
unit of Quibor Valley, classified as landscape @fywsevere sensitivity, is currently used
by land use types of very high intensity. Theseesoare constituted of the areas in
which the largest environmental problems such gsmots, damages, hazards and risks
could be expected. There, strong measures of emagatal control need to be
implemented in order to control current and potntegative effects. In another sense
those areas classified as having low landscapetiségsin which land uses with the
lowest intensity are located, are those land umitsvhere the lowest environmental
problems would be expected. Potentially these arealsl be selected for anthropogenic
uses, embedded into the principles of environmesiiatainability or, also could be
selected as areas of natural preservation. By mefhiise use of this layer the most

important references needed to produce a landiasecpn be obtained.

The obtained layer indicates that about 34% ofQ@uébor Valley is characterized by
forest and natural uses, located in areas categbag severe and high sensitivity. These
comprise the hills around the valley, as well adifferent sections of the valley bottom,
especially in the north of the area. In these argasgrams of environmental

management in order to maintain their natural recsssushould be implemented.
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Map 5.40: Land-use suitability.

Another important zone which covers about 34% ef\thlley constituted of those lands
of moderate landscape sensitivity, where curramlgs are developed with low intensity.
Most of these are lands that were used by agri®yltwt currently are in a condition of
fallow. These areas, embedded into programs ofisiadile agriculture, could be used
has the expiation areas for the future irrigatigstam which have been projected for the
Quibor Valley.

The larger environmental problems are represenjedrbas of severe and very high
landscape sensitivity in which very intensive agjticre is developed. Programs of
environmental management addressed to recuperainoh conservation should be

applied there. This must be considered in the ftatran of the land-use plan.
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