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6. Discussion

The results of the developed model of spatial @amsl{SEPRA) proposed as part of the
process of the sustainable environmental plannihgual areas, is in this Chapter
discussed. This section has been structured inr@ecce with the different issues

tackled in the thesis.
6.1 Theoretical framework

Regarding the last five decades, several approashasegies, measures and technical
methods about environment and its management, lbees developed. Among them the
concept of sustainable development (Brundtland,719%as become the principal

reference framework for the current worldwide eammental management. In this

approach the importance of the different managenseiategies in order to achieve

conditions of sustainability for local and globaVéls is recognized.

The processes of environmental planning, as a fued#al strategy addressed to
achieving the sustainable development of countreggpns and local communities, have
had progressively significant importance. Thesecgsees assess the physic-ecological
and socioeconomic limitations and potentialitieshef territory, in order to establish the
appropriated strategies of environmental manageniBnmeans of the environmental
planning strategies to maintain the natural resssiend improve the quality of life can

be formulated.

According to the above several requirements of renmental planning and land use
planning have been included into the Venezuelaal ltgmework. Therefore, at local

levels, the process of environmental planning néeds applied by means of technical
tools which, in one sense, guarantee the succesiseofustainability and in another
sense, can be applied by using friendly methodgtadato the very frequently scarce
basic information. Thus, the designed model ofiapahalysis constitutes an instrument
that can be applied at local levels, in order taegate a territorial analysis as a basic
reference for the formulation of a sustainable {aed plan. It is emphasized that the
subsequent plan must consider the participatiall gocial actors.
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6.2 Importance of the environmental planning in thestudy areas

Rural Venezuelan areas require the technical imgnis of spatial analysis which could
serve as a guideline for its sustainable developnieihis sense the selected study areas
represent two different zones with not only sigraht environmental differences but also
very different agricultural systems. The successioplication of the model on these
cases demonstrated the high possibilities of thayais to be applied in others rural

areas.

Rivas Davila municipality comprises a sub-humid hhigntermontane catchment
dominated by a very steep relief. The narrow Quatgr deposits of the valley bottom
represent the most suitable lands for anthropogesds, most of which are croplands
and cattle breeding. However, in the last few desadery steep slopes and the high
headwater have been occupied by agricultural uBas. threatens the permanency of

natural resources, triggers natural hazards amdases the socio-environmental risk.

Quibor Valley, located in a semiarid region, canstis a low intermountain depression,
characterized by an extended and plain valley bogarrounded by low hills. Intensive
agricultural activities are developed there usmgnsively the scarce surface water and
groundwater. The aquifer, after five decades oérnsive use, has been significantly
reduced. In order to support the agriculture, i8B3,%he National Government declared
the valley as anArea of agricultural use’ In the area a very important hydraulic project
(Sistema Hidraulico Yacambu Quibor) is currentlydein construction to supply the
water requirements for agriculture that will bergase the current irrigated surface of
3,500 ha to 26,000 ha. Thus, it is expected treatthrent environmental problems could
be increased with the future operation of this grbj

The application of the proposed model in these wery different areas allowed the
suitability of the designed model to be testedsThmaintaining the principles on which
approach was based, could at the same time, in@iegpadaptations in accordance with
the different conditions of the two areas, e.galesof the base information, surface area
and different sources and types of information.

With the obtained results it was possible for bartas, Rivas Davila and Quibor Valley,
to reach appropriated references in order to gemenadelines for the sustainable land

use plan.
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6.3 Spatial analysis model: Sustainable Environmeat Planning of Rural Areas
(SEPRA)

Several aspects related to the concept, desighicaippn and results of the proposed
spatial analysis model are discussed in the foligwi

6.3.1 Conceptualization of the model

The model of spatial analysis (SEPRA) was develapedan holistic conception of the
environment, which is dominated by dynamic and dempnteractions between the
factors and processes. Consequently, the concaepngel was constructed by means of
the integration of the principal environmental caments which determines the
conditions of stability—instability of the lands&p For this conception, basic references
of different approaches about environmental asseissmiere considered. Among these
approaches are, for example, landscape sensitigggmorphological instability and
ecological vulnerability (Buckley, 1982; Thomas020 Villa and McLeod, 2002; Luers,
2005; Schutt, 2006).

As was established in the graphical concept (Figufe Chapter 4) environmental
conditions are defined by the behavior of triggevegesses, i.e. earthquakes, rainfall and
land uses, which influence the other environmerftadtors causing, potentially,
environmental instability or damage. The estimatidrthe possible behavior and the
thresholds of the trigger processes as well asagsessment of the capacity of the
landscapes to resist to the forces of changes {$@tD6) represent some of the most

important objectives of the environmental assesssngisher, 2001).

Embedded into these premises, it was defined higabbjective of the proposed analysis
model would have to evaluate the behavior of therenmental components in order to
determine the conditions of environmental sensgitiv@s a basic reference for a

sustainable environmental plan of land uses in areas.

The model was technically designed to be developgdmeans of computational
Geographic Information Systems. In this case thRIEEScGis 9.1 software was utilized,
widely applying several extensions and tools otdsponents ArcMap and ArcCatalog.
The development of the model by means computatisofilvare allowed a very large

guantity of information for the two studied areabi® processed. Although some basic
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data was obtained in digital format, most were aalgilable in analog format, which

needed to be scanned and digitalized.
6.3.2 Outputs

Apart from the basic layers generated e.g., geolggpmorphology, DEM and their
derivatives, etc.; eight final layers were obtaif@devery study area (Chapter 5). They
were the products of different processes by mednwhich the basic layers were

analyzed. Some discussions about of them are pgessenthe following.
6.3.2.1 Geo-structural stability

The analysis of the geo-structural stability wagyioally designed as the combined
analysis of the geological aspects, i.e. earthaqgjakenlogical faults and lithology. In the
earthquakes analysis it was found that the whaygons in which the study areas are
located are dominated by a high seismicity. Takimg account the relatively small
surface of the study areas, it was not possibfetbdeferent levels of seismic risk in the
analysed zones. Thus, it seemed appropriated widarthe whole areas as having very
high seismicity, such as declared by studies likbuBert and Vivas (1993), Vivas
(1994), Escobar and Rengifo (2001), CIDIAT (200d4Aademard et al. (2008).

Consequently, the combined analysis of the gewtsiral stability referred to the
generated layers of faulting zones, obtained bjebsiaround the fault lines (Gokceoglu,
2007), and the fragility of the lithology which wasnstructed according to the condition

of fracturing, weathering or collapse of the rocks.

The resulting layers indicated important spatidledgences in the analyzed zones to be
considered as a fundamental reference for the etkgnvironmental planning. It is
recognized that these layers have an importantribatibn in the integral analysis
included in this model. Additionally, the resultsn¢ained in this layer can partially be
used for other assessments with different objestimewhich the geo-structural issues
could play an important function. This could be tase, for example, for selecting the
zones for allocations of roadways, water reservoirsven the application of measures

of environmental control.
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6.3.2.2 Hydro-geomorphlogical stability

The hydrological network and the geomorphologicapexts like process (mass
movements) and land forms were involved in thistipaanalysis. The hydrological
network was obtained from the base map and proddsseneans of buffers, in order to
determine the potentially more affected area duthéostream dynamics, i.e. overflow,
channel erosion, undermining and landslides. Themgephlogical aspects were
analysed in two senses: 1) determining of potergiahs of mass-movement risk in
accordance with the prepared geomorphological raad, 2) determining of the land
forms of the terrain in accordance with the relibg elaborated Digital Elevation Model

and its derivatives, principally slope and curvatur

By means of the results, a fundamental overviewhef current and potential hydro-
geomorphological risk zones was obtained. The lmgdicates that those areas located in
the nearness of the streams are subjected to arhigldro-geomorphological instability
level, but also those zones with very steep sld@a® high instability. The changing
behaviour of the environmental processes and fadhwolved in this analysis increases
the importance of the obtained results. Additionathe results can be considered
partially, especially in the design of measuresw¥ironmental control, or as a basic

reference for institutions related to environmehtaards management.

6.3.2.3 Erosion susceptibility

Soil erosion susceptibility was analyzed by meahghecee aspects: relief, soil and
rainfall. As analysis parameters of the relief,pgloslope aspect and curvature were
utilized. Soil evaluation referred to the physichlaracteristics of the soils types. The
Modified Fournier Index was used as an indicatoradffall aggressiveness. The results
offered a summarized and integral overview of tbeptial soil erosion susceptibility of

the studied areas.

In accordance with the premises that emphasizevbgiding influence of the slope on
the landscape sensitivity toward erosion (Li et2807; Schitt et al, 2007) it can be
concluded that most of Rivas Davila have a higtsiero susceptibility, due to its very

steep relief. There, about 55% of the area is cibeniaed by slopes with more than 50%
of inclination. Inclinations between 20% and 50%nsidute about 32% of the

catchment, while only a 13% of this study area ¢més slopes with less than 20%
inclination. Thus, only sectors of the valley battowhere even predominate rolling
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relief with slopes between 10 and 20%, were defaedhaving moderate susceptibility

to erosion processes.

Additionally, the results indicate that sectorsai®d on the sunny slope (east-exposed
slope) are more susceptible to erosion, becausésohigher dairy radiation and,
consequently, its dryer and warmer microclimateddions (Mejia and Vera, 2001;
Martinez, 2008) and its scarcer vegetation. In eespo this, Ataroff and Sarmiento
(2003), identified the montane dry evergreen foreshe sunny slope while, in the more

humid shady slope, the high montane cloud fore=ti@mninates.

In the case of the Quibor Valley, the extendednptalief indicates a reduced incidence
of this variable on the erosion processes. 58%uwb@ Valley has a slope less than 2%,
while 22% shows a slope inclination between 2% %%d However, the low hills and

alluvial fan located around the valley bottom, walope between 10 and 15%, present

more susceptibility to the erosion process as dedlay UNDP (2006).

The erosion susceptibility in Quibor Valley seembé¢ then very influenced by the low
structural stability of the soils because of itaycland clay loam texture with a silt
fraction larger than 50% in the most of the vallttom as considered by Villafafie
(1999) and Ecology and Environment (2004).

The Modified Fournier Index showed moderate and taimfall aggressiveness in the
two study cases. Its influence on the soil erosiasceptibility is more significant in the
case of Rivas Davila, whose northeast side presemgsy high erosion susceptibility as

a consequence of the larger grade of rainfall egpiwveness.
6.3.2.4 Fragility of the vegetation cover

Vegetation cover contributes to maintaining thebiityg conditions of the landscapes

because it configures a protector layer for théssagainst the rainfall’s aggressiveness
and the soil degradation (FAO, 1995). Soils arafoeced by the roots system (Van

Westen et al. 2008) and the organic matter cortggotio the control of the erosion

process, by means of the percolation and retewtigoil water, reducing the runoff and

improving the soil structure (Hill and Schitt, 2000

The fragility of the vegetation units was evaluamghsidering its characteristics of
height, density and grade of intervention. Duehi® appreciable level of disturbance of
the original vegetation in the valley-bottoms of thnalysed areas, the vegetation

described in these lands is indicated as a referehthose that could be found in natural
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conditions. Most of the hillsides of the two arga®sent pristine vegetation units,

although some sectors have been disturbed by qutenic uses.

In Rivas Davila, the most fragile unit corresponwith the Andean Paramo, which
covers the upper lands of the area, above 300G ia.the coldest climatic conditions
of the area, with an annual average temperatuabaiit 7°C. Between the shrubland and
grassland of these units there are some endentesp® high ecologic importance such
as theEspeletia schultzior frailejon. Also, the high montane cloud forgsteponderant
in the shady slope, was catalogued as highly &adile to its ecological complexity.
Once disturbed its recuperation is only possiblerav very long period of time. Other
types of vegetation more resistant to alteratioesewclassified as moderately fragile.

This is the case of montane semi-deciduous forest.

Because of its high grade of disturbance the aizabfsthe vegetation in Quibor Valley
was oriented to identifying priorities of conseigat In this sense the typical vegetation
of the southeast of the area constituted by veyytrdpical forest was defined as having
very high priority. In some sections this unit gaesent relicts of the original vegetation
especially where the undulated relief has limited anthropogenic uses. The dense
thorny shrub of the hills around the valley wasimed as having moderate priority,
while, in the valley bottom the scarce natural vatien was identified as having
moderate priority, especially that which still da@ found around the streams, lagoons or
abandoned lands. In these lands ecological suorssplay an important function in the

control and of soil degradation processes.

6.3.2.5 Land-use intensity

Intensity of the land uses was employed as an atalicof the human impacts on the
environment. In this sense, the land uses of tdysareas were analyzed in accordance
with their incidence on landscapes. Thus, the vahg was taken as reference: those
land uses that implicate intensive affectationsatural resources would be classified as
high intensity, whereas those land uses in whicturah resources are maintained

unaltered or scarcely altered would be considesddwa intensity.

The highest intensity level was assigned, in bases -Rivas Davila and Quibor Valley-
to intensive croplands. These agricultural acegitcause strong environmental impacts
due to factors such as complete disturbance oh#teral vegetation of the occupied

areas, use of agricultural machinery, intensiviggation which reduces the stream flow
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and increases the soil erosion, or even intenseeotipesticides and chemical fertilizers.
Others land cover as natural vegetation predominaterast zones of Rivas Davila were

classified as low intensity because of its unattereslight alteration grade.

Quibor Valley, as a consequence of ancient andsite human intervention, presents
zones with a high level of disturbance. Thus, nudghe valley bottom is constituted by

agriculture lands. One important part of thesecadfiire lands is currently occupied by
intensive croplands; other parts vary between fiadl@nd abandoned lands. Intensive
croplands, due to the intensive use of channegation, agricultural machinery,

pesticides and fertilizers, were classified as Maigh intensity. Abandoned lands and
human settlements were classified as high intenshg areas where natural vegetation

can still be found -principally the hills arouncetiaalley- were classified as low intensity.

6.3.2.6 Physiographic restrictions

As an integral analysis of the physiographic caodg of the analysed areas, a map of
physiographic restrictions was elaborated. It wessgroduct of the three first results of
the applied SEPRA model, i.e. geo-structural stgbilwhich refers to geological
conditions; hydro-geomorphological stability retsir to the combined elements
hydrology and geomorphology; and finally, erosiosceptibility, produced as a result of
the integral analysis of relief, soil and rainfall.

This analysis in both study cases orients arouedctinditions of fragility of the geo-
physical parameters analysed by means of SEPRAhdncase of Rivas Davila, for
example, the results indicate that the nearessaeghe principal streams present the
highest restrictions for the anthropogenic occupesti This is a consequence of the
overflows, floods or even landslides potentially oguced by the hydro-
geomorphological dynamic. Other areas with seves&ictions are constituted of sectors
of the left slope dominated by a severe faultingezd'he valley bottom, due to its lower
restriction level, was considered as the area wiibre potentialities for the

anthropogenic uses.

In the case of Quibor Valley, it was found that thighest restriction grades are
represented by hills and alluvial fans. This iguahced by their more inclined relief and
their high level of erosion susceptibility. Therejs necessary to carry out actions of
environmental management in order to guarantegeitsiperation and permanency.

These areas represent the zones with more naturditions of the valley. In the valley
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bottom, in spite of its lower restrictions, anthogenic interventions must be made
considering its moderate physiographic restrictidiigese restrictions basically refer to
sheet erosion and, potentially, gully erosion psses, as consequence of the fragility of
the soils in accordance with Villafafie et al. (1p88d UNDP (2005).

6.3.2.7 Landscape sensitivity

A layer of landscape sensitivity was produced assalt of the combined analysis of
physiographic restrictions and fragility of the eégfion. The first, as was explained,
concerns the imposed physiographic limitationsh® anthropogenic uses; the second

summarizes the ecological conditions indicatedhgmMegetation units.

For Rivas Davila, the principal results of the gbgsaphic restrictions were maintained:
the hydrological network was valued as very sensiblhereas elevated and relatively
plain areas of the valley bottom were valued agdahest sensitivity level. On very steep
slopes it was found that some sections, which hadnbclassified as very high

physiographic restrictions, were here divided iht@ classes: very high and severe
sensitivity. This was a consequence of the diffetewels of fragility assigned to the

vegetation cover that characterize these terrains.

In the case of Quibor Valley, very high sensitiaigas were found in the low hills and
alluvial fans of the valley, where previous anayshad identified restrictive
physiographic conditions as well as high priority jreservation of the natural
vegetation. Some sections of the hydrographicalont in the valley bottom as well as
the lowest zones of the alluvial fans resultedaasl$capes with high sensitivity. Most of

the valley bottom was classified as landscapesanfarate sensitivity.

6.3.2.8 Land-use suitability

This represented a comparison between landscapéigénand the conditions of land-
use intensity. This results offer an overview abth#& current and potentially conflict
established in the study areas between anthropogseas and landscape sensitivity.

The obtained layer indicates that about 34% of Quiktalley, is characterized by forest
and natural uses, located in areas with severdigdandscape sensitivity. These areas
are located in the hills around the valley, as vasllin different sections of the valley
bottom, especially in the north of the area. Prograof environmental management

aimed at maintaining their natural resources shbaltnplemented in these areas.
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In the case of Rivas Davila about 35% of the aseahiaracterized by the forest and
natural uses, located in areas defined as havwvgreeensitivity. It suggests that these
areas of severe landscape sensitivity are occupyeitie most indicated land-use type:
natural protection. It is obvious that the permayenf these natural zones not only
guarantees the conservation of ecosystems of hagilify, but also guarantees the
sustainability of the water resource, which ish& $ame time one of the basic resources

needed for carrying out the necessary agriculusas in valley bottom.

Also, 17% of this study area is covered by fordstated in zones of moderate
sensitivity, which seems the most suitable useheté areas in order to preserve the

natural resources and guarantee conditions ofinabilty.

The most conflictive conditions between anthropaogerses and landscape sensitivity
are represented by about 5% of the area, wherasinte uses, such as intensive
cropland, are developed on areas classified agesesemsitivity. Most of these sectors
are integrated by intensive agriculture carried @mutthe near to riverbanks and in their

flood plains.

About 34% of the Quibor Valley is characterizedfbsest and natural uses, located in
areas having severe and high sensitivity. Thesasaaee located in the hills around the
valley, and in different sections of the valleytbat, especially in the north. Programs of
environmental management aimed at maintaining theiural resources should be
implemented in these areas. Also 34% of the valegresents land of moderate
landscape sensitivity, where the current uses aveldped with low intensity. Most of
this is agriculture land that is currently in fallocondition. In these areas the future
irrigation system, which has been projected forbQuiValley, could be carried out
embedded into programs of sustainable agriculture.

Larger environmental conflicts were identified neas of severe and very high landscape
sensitivity used by very intensive agriculture. fichealso programs of environmental

management must be applied that are addressedujperation and conservation.

160



6. Discussion: Land use planning

6.4 Proposal of land-use plan

As a fundamental goal of the environmental planrpngcess and, in this case, of the
designed spatial analysis model, a proposal ofath@-use zonation must be formulated.
In this zonation the land uses are defined thatdcba carried out in the study area, in
accordance with the sustainability principles. Hoaation must take into consideration
the conditions of environmental sensitivity of teas in order to prevent and mitigate
on one hand, the environmental damages causec@nthronmental conditions, and on
other hand, the environmental impacts due to aptigenic uses.

In general terms, degrading land uses should blaaeg by environmentally friendly
uses, such as natural conservation, organic atmeul agrotourism or ecological
tourism. Suitable uses should be maintained, andaps improved, in accordance with
sustainable principles.

In this thesis, the formulated plans are the resfilthe sequential spatial analysis
developed by means of the SEPRA model, in whichntlest important environmental
components, factors and processes were partiatlyiraagrally analyzed. Basically, the
spatial analysis model allowed, by means of a sstee and combined analysis and
decision-making process, to identify the environtakrconditions of stability and
instability. The produced plans definitively repgata guideline or a very advanced draft
plans which can be the basis for a definitive lasd-plan which, as was expressed in
Chapter 1, needs to be discussed and agreed widotial actors.

The final zonation proposed as a consequence o5HRRA model is the result of the
analysis of the generated layeBsitability of the land usefMaps 5.20 and 5.40).
However, qualitative checks and confirmations af gartial products obtained by the
model were carried out at the same time. In accmelavith the sensitivity of the
landscapes and the intensity of the current lams,uthe proposal of land-use plans for

both study cases Rivas Davila and Quibor Valleypaesented in Maps 6.1 and 6.2.
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6.4.1 Proposal of land-use plan. Case Rivas Davi\dunicipality

The recommended units of land uses are integrajedhdse in which the natural
resources must be preserved in their current rlatoraditions. These areas represent
about 35% of the Rivas Davila. The proposed laritsuwhere could be developed with

more potentiality anthropogenic activities accofortabout 17% of the whole surface.

Most of these zones are located in the valley bo@ad in low hills.
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Map 6.1: Proposal of land-use plan, Rivas Davilariipality.
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6.4.2 Proposal of land-use plan. Case Quibor Valley

Seven land-use types integrate the proposed pl&@udior Valley. In this proposal it
was considered that the current agricultural aotividefine the area as one of the most
important of the country, because of its productiemels of onions, paprika and
tomatoes. Additionally, the project carried outthg National Government in order to
increase the farm production and the irrigated dawds also taking into account. The

referred plan is shown in Map 6.2.
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According to this, intensive sustainable-agricwdtgovers a surface of about 5,200 ha,
which is 12% of the Quibor Valley, while semi-insére sustainable-agriculture covers
about 4,700 ha (11%). The largest land-use typmrnstituted by those areas in which
enlargement of the irrigation systems and the Biten sustainable-agriculture are
possible, which have been proposed by the futuezadipn of the “Sistema Hidraulico
Yacambu — Quibor” hydraulic project. This land-uspresents about 15,000 ha (34% of
the Quibor Valley). The proposed intensive and sew@nsive agriculture must be
embedded into environmental production systems hiclwcan be employed efficient
technology of irrigation and mechanization of tlidssand integrated pest management.
Social organization which allows the advantageoartigpation of small farmers and

workers and the improvement of their quality oé lifeeds to be also strengthened.

Some sectors defined as high landscape fragilitychwvare used by intensive agriculture
must be subjected to programs of environmentalpe@tion and sustainable agriculture
of very low intensity. About 40% of the Quibor &}l was proposed as natural areas in
which programs of environmental management mustdbeeloped addressed to

recuperation, maintenance and improvement of degradtural resources.

It is emphasized that the land use proposed a# rdshe applied spatial analysis model
represents a guideline which must be discussed théhall social actors in order to
achieve a final land-use plan. This plan needs tmelyzed by the consensus and
compromise of local administration and communiitresrder to enhance its possibilities

of fulfillment by both important social sector aathies and communities.
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