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Abstract

Commercial and tourist activities including off-tbdriving have the potential to cause large scale
environmental changes to the fragile ecosystemthefwestern areas of Namibia. The aim of the
study was to develop a generic method to identifivdies and areas where off-road driving has been
taking place and to assess the environmental gétysifThe results were used to evaluate the long
and short term effects of environmental regulatiams spatial planning. Spatial Multi Criteria
Evaluation was used as a means to address thisleorhpman-environmental coupled issue by
combining spatial information and stakeholder’'s extige. Spatial data was collected, processed to
vector data and rasterized. The data was groupesbdip-economic and tourist activities, landscape
and ecology and integrated in two GIS models. @atereighting and group ranking was based on
expert knowledge and stakeholder’s interest. Th&t finodel was used to evaluate activities and
environmental sensitivity of the area, while them®l model generated off-road driving suitability
maps for alternative policy visions. The resultged that a number of socio-economic and tourist
activities were carried out in areas of moderatlagh environmental sensitivity, hereby resulting
negative effects on the environment. Priority afessature conservation were identified along the
coast and in proximity to towns where high, uncolhdid tourist activity was overlapping highly
sensitive environmental conditions. In contrasttoaled off-road driving activities within area$ o
low sensitivity were resulting in minor environmahteffects. Using spatial planning and
environmental regulations to restrict off-road driy areas leads to avoidance and mitigation of
negative effects. The results further showed thatial planning without strict environmental
regulation enhances the negative effects. Planmitigput environmental regulations is possible and
adequate in areas of low environmental sensitiitgwever, increasing environmental sensitivity
requires a planning approach that incorporatessisestance of environmental regulations to restrict
areas for off-road driving to less sensitive arbaseby channelizing their effects.
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1. Introduction

1.1. Off-road driving

Off-road driving (ORD) has experienced a rapid gtoawver the past decades. The trend can be partly
attributed to an increase in economic wealth amtlyp#o tourists desire to experience adventurous
activities in times of recreation. As tourism hattme worldwide a major source of income with a
predicted raise of 9.5 % in developing and of 4.t!%dustrialised countries (Abbott, 2006) the use
of off-road vehicles (ORV) within this sector wilbntinue to gain significancélthough the growing
number of tourists attracted to ORD contributesebmnomic development, it likewise exerts an
increasing pressure on the natural environment. tDuehigh population density and over regulation
of the do's and don'ts in most of the travellensntoes of origin, adventure and remoteness asriit
become more and more essential when choosing @alyafiestination. This leads to a susceptibility to
environmental changes in areas without or withtighiregulations where tourists may experience the
freedom and adventure they were looking for.

As North America was a precursor of ORV use foreaton since the beginning of last century
(Webb and Wilshire, 1983), it may illustrate how DRveruse may drive adverse environmental
effects. Until the sixties no damage was obserliediever this pattern changed in the seventies when
numbers of ORV increased dramatically and advergeacts became so severe that an executive
order was issued to control the use of ORV’'s (CéteytThompson, 1984). Although regulations
have been in place since, a significant number BV® is registered each year and ORD is still
affecting species distribution and abundance (Grebal, 2007).

Lacking or insufficient environmental legislatioroigen the situation in many countries around the
globe (Davenport and Davenport, 2006), as it resuitineffective planning and management to
confine ORD with the aim to protect vulnerable areln countries such as South Africa, the

implementation of recreational ORD zones provetddlifficult, as the new legislation has met with

criticism from ORV users. Planning and decision mgldid not consider the socio-economic effects
coupled to ORD (Cellierst al, 2004), but primary considered its direct impawighe environment.

ORD can further be related to socio-economic deraknt and military field exercises in training
areas. While the latter decreased in the pasintireasing population and demand for raw materials
drive prospecting and exploration activities ineafinaccessible areas. Scarcity of minerals airis
values on the stock market has driven mining imsuret considered as profitable only a decade ago.
The process of prospecting potential mining sitas im particular related to ORD, as infrastructure
development and restoration measures are ofterquisite of development and consequently reduce
ORD effects during exploration.
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The effects of ORD on biophysical aspects of theirenment have been studied extensively. For
example: special attention has been given to andr@nments and coastal dune areas (Greoml,
2007, Pickering and Hill, 2007, Priskin, 2003, Ridk et al, 1994), dune erosion caused by
vegetation loss in South Africa (Van Der Merwe, 898segetation degradation in Kuwait (Brown
and Schoknecht, 2001), soil loss and change indhgyaly (Priskin, 2003), and direct destruction of
ghost crabs in Australia (Moss and McPhee, 2008hofigh this research aims to target the subject
in a generic way, the reader’'s attention will bavan to Namibia, where the case studies will be
carried out.

1.2. Drivers of off road driving

1.2.1. Tourist activities

The rapidly growing attractiveness of Namibia awuarist destination, relies strongly on adventure
based tourism (Buckley, 2007). The national touaisival statistic (Namibia Tourism Board, 2008),
states an increase between 2005 and 2007 of apmtety 20 % travellers annually, from 777,890 to
928,912 in total. ORD as a recreation activity gsthx 4 vehicles, quad bikes or motor bikes and
wildlife watching tours using ORV’s as a meansafdmotion in otherwise not accessible areas, are
activities that can be regarded as adventure toufl$e principle attraction to adventure tourism is
related to an outdoor activity in natural terraihat generally requires specialised equipment and
where some excitement is associated to the patitifBuckley, 2007).

Among others, duration, skills and remoteness ferazfd safaris and wildlife watching has been
investigated during a research by Buckley (2007f-r@ad safaris tend to be integrated in tours
having a period between 1 and 2 weeks and a paingerbetween about 50 and 350 US$ per person
per day. In contrast wildlife watching ranged betwe and 7 to 8 days with a price range between
100 and 700 US$ per person a day. Being mediunyasd very specialist tours, this kind of activity
has a recognizable commercial signature (Buckl@®7®2 Thus it may also be related to consumer
behaviour during vacation planning (Kwortnik andsRo2007). Tourists described above are likely to
undertake their travels in changing environmentsane often crossing national boundaries. The goal
of such a travel may be a memorable experienceapesmovelty or just a change of scenery
(Kwortnik and Ross, 2007). As those tourists arpeeted to undertake ORD only during their
holidays, often once a year and as part of a taokgge, ORD impact is not likely to be limited list
group of visitors. In contrast, it may be furthesaciated to more frequent ORD activities and their
related interest groups.

Local stakeholders as the recreational fishermehtla@ ORD community (Celliers et al., 2004) may
have different reasons to go off-road. Beach acpegsts may be insufficient of absent, personal
interest to specific fishing spots or customizetayéour may influence driving patterns not confined
to an existing road network. Spending leisure timéhe dunes can be regarded likewise for people
living in the area as an activity that supportsaxation and gives time for oneself in a quiet and
peaceful environment. To be undisturbed and with@local community, those groups are expected
to go to areas not frequented by the tourist conitpumereby creating an own area of influence.
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1.2.2. Socio-economic activities

Prospecting and mining activities in Namibia areewdng in and close to the Namib Desert
(Coakley, 2000). This unique habitat (See Chapt&) Is home to rare and endemic plant and animal
species that are vulnerable to ORV. Access to tinehnmareas mean that the vehicles associated with
prospecting and mining need to cross areas prdyionslisturbed by human activities. Copper, lead,
zinc, gold, uranium, diamonds, gemstones and salimportant commodities (Coakley, 2000) and
drivers of the countries Gross Domestic Product BEC5and and gravel pits are only of regional
importance, as it is not economical to transpooséhlow price materials over a larger distance. As
mining in Namibia is diverse and widespread, a §finption was required to illustrate how
prospecting of potential mining areas is relatedOf®D. For the purpose of the study, uranium
deposits are used as one natural resource of gilwipgirtance and a commodity price at the stock
market that achieved historically record pricesthie past two years (The Chamber of Mines of
Namibia, 2008). In addition, Namibia is ranked las fourth largest uranium producer in the World
(Coakley, 2000) highlighting the current and futimgortance of uranium deposits in the country.
However, the overall occurrence of natural resodegosits has to be kept in mind, if the real exten
of ORD activity has to be estimated.

Environmental impacts created by movie productiamse also investigated by the University of
California, Los Angeles. The effect of filming ohet location was compared to moving an army
(Kamerick, 2008). Observations in Swakopmund coméid that production crews are often composed
of more than 100 people. Those do not only opénatewns but also in environmental sensitive areas
as river canyons, gravel plains and dunes. Thexetbe number of people involved in a large scale
film production is significant. When sites are lwxh in remote areas, ORD is related to moving
equipment and construction materials; or as tramafon as part of a film scene. A thriving
Namibian film industry is expected in the future, @ public-private sector partnership programme
between the German Development Service and fouatgribusinesses has just been launched (The
Namibia Economist, 2008).

ORD related to event operations as incentives, ymothunches, concerts or desert dinners was
comparable to the impact created when arranginggtiog for movie production sites. In addition,
ORD safaris are arranged for participants whilenev¢hat are taking place over various days. As
event operations are estimated to generate 60 % ,(Kan Wyk, pers.com. 2008) of the total tourist
revenue in the area, this has to be investigateded.

1.2.3. Importance

Disturbance of pristine and intact ecosystems doénly affect fauna and flora, but also human’s
perspective on the value of scenic areas withanddcape, causing further socio-economic problems.
Negative tourism experiences may be communicatexli¢in tourism operators, who, in response to
consumer satisfaction may shift their operationsdmparable less affected destinations in order to
keep the companies turnover constant and custasatisfied. In contrast, if the policy of a country
supports appropriate recreation activities undeirenment friendly conditions, it may enhance and
drive sustainable tourism in the area, if this wioloé not only profitable for the area, but alsotfair
businesses.
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A Namibian tourism article (tourbrief, 2008) stredshese points, based on observed ORD impacts
within the area of Swakopmund and Walvis Bay. Taisa has particular importance in socio-
economic respects, as the two towns are rankedimber 2 and 3 (Ministry of Environment &
Tourism, 2005) as the most visited locations byigds in the country, with 49,9 % for Swakopmund
and 36,7 % for Walvis Bay. A decrease in visitomfers in this area would directly affect the
economy and the average household income.

The broaderTravel & Tourism Economyas estimated to contribute approximately 16.0 f9the
country’'s GDP in 2006, employing around 72.000 peopequivalent to around 17.9 % of the
countries total job opportunities (WTTC, 2006).Hrongo 191,433 beds per night were sold in 2007,
as part of 765,104 beds in total for the countrgrfiibia Tourism Board, 2008), representing 25 % in
the District. If the forecasted annual growth d 66 for theTravel & Tourism Economghould be
achieved until 2016, hereby contributing 22.9 %the GDP (WTTC, 2006), ecologically and
touristically important areas have to be preseraed managed in a sustainable way. The World
Travel & Tourism Council (2006) states that a lakco-ordination within ministries is responsible
for delaying the approval of the Coastal Zone Mamagnt Plan for the Dune Belt area and its
following implementation. This would be the requient for both, the conservation of the unique
wilderness that so many people are attracted amdyétmeration of areas where visitors may find
adventurous experiences by ensuring a preservatitire physical environment.

1.3. Environmental impacts

The environmental impact of ORD may or may not &eese. This depends on the intensity of ORD,
the type of ORV used and the susceptibility ofébesystem. The impact is further influenced by type
and implementation of the legislation in place.tte following section of landscape level studies,
flora, fauna and ecosystem services the literatoreémpacts of ORD on various aspects of the
environment is reviewed.

1.3.1. Landscape level studies

A Geographic Information System (GIS) change daacstudy (Priskin, 2003) was conducted in
Western Australia with the aim to measuring thdedi#nce in ORD tracks for a 1 km zone between
1965 and 1998. A change from 526.5 km in 1965 @.8km in 1998 was observed, leading on an
increase of about 60% of tracks, hereby reducimisterbed landscape significantly. Similar findings
were obtained by Schlacher and Morrison (2008)ir tliredings reveal that up to 90% of the beach
area on an Australian barrier island had ORV tratke paper suggested that a considerable amount
of sand displacement and compaction may be caus@RY during a single day, hereby resulting in
widespread and substantial physical disturbancesamaly beaches. However it did not support the
observations from other studies that showed corpacaused by ORD may enhance erosion and
hence destabilization of landforms (Pickering antl, 2007, Priskin, 2003, Rickarét al, 1994).
Compaction and erosion were further regarded gsonsible for changes in hydrology and loss of
biomass (Pickering and Hill, 2007, Priskin, 2008)e authors highlighted that the ecological impacts
caused by ORD, are depending both on the natur¢hanidtensity of the impact and the sensitivity of
the species to disturbance. In addition to impactshe environment, the landscape value and the
scenic beauty of an area may be reduced significant
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1.3.2. Flora

Effects of ORV on plant biodiversity and vegetatitawve been studied in detail (Gro@tal, 2007,
Watts, 1998, Yorkset al, 1997, Priskin, 2003). Yorks et al. (1997) compadet44 individual
observations related to human impact by vehicletrampling. Both effects are considered as
comparable; just the impact caused by ORV’'s is meegere (Priskin, 2003). Based on the
observations the authors concluded that a gengeales and individual plant loss is already calised
ORV’s cross vegetations a few times. Four to firees fewer plants were recorded in a dune
environment in California open to ORV’s, compared dimilar sites that were closed for this
recreation activity (Groom et al.,, 2007). Differescin ecosystem productivity were attributed to
differences in driving pattern on microphytic crusiver (Watts, 1998); a general reduction in
vegetation cover was suggested to result (Jac@)dn a susceptibility to soil erosion. Impact of
vehicle and regeneration time of lichen fields e tNamib Desert were focus of a recent study
(Lalley and Viles, 2008). Based on a comparisonlictien cover and community composition,
different anthropogenic and mechanical disturbaleggmes on soil crust were assessed. Estimation
on recovery time ranges from 5 to 530 years, withglowest recovery rate were made for the study
site with the highest impact, in contrast to the siith the lowest impact type having the mostdapi
recovery rate. Lalley and Viles (2008) furthermgaiut that there was a significantly differentcpe
composition in recovery areas to those found in affected areas. A very contrasting finding was
made by Brown and Schoknecht (2001) in a severeaded ecosystem in Kuwait, where a ‘positive
track effect’ (annual vegetation was denser andenspecies rich in vehicle tracks as on unaffected
areas) was noticed in some parts of the countris mhticeable discrepancy was suggested to be
caused by very specific soil and climatic factorshie area. The paper stresses that this positigk t
effect is most likely only relevant for a limitecumber of desert environments with comparable
environmental conditions.

1.3.3. Fauna

ORD may affect animal specidgectly andindirectly. Moss and McPhee (2006) assessed the direct
impact of ORV'’s on ghost crabs. Species abundamsemeasured in areas accessible and confined to
recreational ORD on North Stradbroke Island, Adstrato measure the difference in species
abundance. Zones open to ORV’s had significant tagtwst crab abundance, than areas where no
ORD was allowed. The authors reasoned that ghabsdnave a high vulnerability to be crushed by
ORV’s during night, while feeding at their nestlirmites. This observation is similar to results
obtained by Boon et al. (1999) in South Africa. ORiight affect many more species in sandy
beaches; this however may only be speculated,tids tesearch has been undertaken so far on
macrofauna impact by humans.

ORD may also indirectly affect animal populatiomgile influencing their habitat. Watson and
Kerley (1995) investigatethe impact of human activity in sensitive dune area dune-breeding
birds in South Africa. Damara Teri&ernabalaenarumwas one of the bird species that has been
focused ormand its conservation status is defined\Esar Threatenedby the International Union for
Conservation of Nature (IUCN) red list (IUCN, 2008)o direct evidence has been found that ORD
directly affect nesting sites in the area. Howewewas recommended that sensitive dune areas are
excluded from vehicle traffic and that ORD in saradgas has to be controlled effectively (Watson
and Kerley, 1995).
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This links to Namibia, where aerial photographsed\serious damage to gravel plains indicating that
a severe threat to the breeding groundStefnabalaenarum(ICLEI, 2008, UNEP, 2008) is likely.
Similarly at risk is the habitat of many endemithaspods in the Namib Desert. Lichen morphotypes,
overall lichen cover and species richness showsifmificant correlation with arthropod species
richness and the representation of their subgrfLgiiey et al, 2006). Increasing recreation activities
with ORV’s in the Namib thus may impact ultimatalgo on arthropod populations in the area.

1.3.4. Ecosystem services

Indirect benefits to people may be obtained byratgons and feedback processes from ecosystems.
Ecosystem services are conditions and processesgthmwhich natural ecosystems, and the species
that make them up, sustain and fulfil human lifeRMand UNEP, 2005). Those ecosystem services
are influenced differently by recreational ORD; thervices and the intensity of the impacts is
depending on the type of environment the actidtgarried out. Coastal ecosystems as in Namibia are
providing services in form of protection to extremeather events, species and human habitat,
provision of employment, recreation and aestheteagure. Based on the previous review of
environmental impacts by ORD, a decrease of ecegyservice can be expected in areas frequently
used by ORV. Species habitat through vegetation, Idane stability and the aesthetic value are
directly affected (Cellierset al, 2004, Pickering and Hill, 2007, Priskin, 2003,hlacher and
Morrison, 2008), hereby reducing their servicesvigted. A reduction in carbon sequestration and
soil conservation benefits along riverbeds due tedaction in biomass might occur in areas with a
higher vegetation cover in the northern parts ofniitéa. In contrast, provision of employment
opportunities and recreation services are incrgasieir value. The trend is expected to changhgif
carrying capacity of an area to tourist numbergoorn recreation activity that affects this area is
exceeded and parts of the ecosystem including gloeids and services are degraded.

Impacts on vegetation and soil substrate are stggbby ground observations obtained in the field.

Legend Legend
Absent Absent
Low young/medium/old
Medium young/medium
High young
Towns Towns
Rivers Rivers

Figure 1: Off-road driving track density Figure 2: Off-road driving track age
(Primary datg (Primary datg
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Track density and track age (Chapter 2.6.2) istedldo tourist and socio-economic activities and
ecological and landscape characteristics of thdystmea. The sample points are captured as vector
data and overlaid on a false-colour composite dfaBdsat Enhanced Thematic Mapper (ETM)
images (See Chapter 2.4.1.) shown in Figure 1 &uté¢ 2. High track density was found along the
coast where fishing was taking place and in theewidhan area where prospecting of potential
mining sites was carried out. Low track density waserved in the Dune belt, while the river beds
showed a medium track density. The observationg fugther showing old track age in gravel plains,
while medium in riverbeds and low in the Dune B&hese differences are suggested to be caused by
variations in soil, precipitation and weatheringgesses.

1.4. Schematic representation

Landscape and ecological criteria of an area, begawith tourist and socio-economical activitiee ar
defining zones with variations of ORD impact. Tkismplex coupled system (Figure 1) required a
most reliable and efficient tool to analyse thetedl problems in a spatial-temporal context, ireord
to generate transparent and useable informationmfanagement and decision making. Spatial
Decision Support Systems (SDSS) were suggestedilfib these requirements (Hilet al, 2005,
Malczewski, 2004), by trying to capture the systemd its dynamics in a simplified way.

Landscape / [ Landforms, prominent features
/ - . .
Ecology ;; / ——> International protected areas, important species
: S ——> Commercial activities, urban development
Socio-economic activitie , ,
7 7 ——> Holiday makers, tourists
activi
/
/

Tou rist tie?f!
;*; rfl
e |

Figure 3. Schematic diagram showing the various componierfilisencing the socio-economic and
environmental impact caused by off-road driving

/

/
/
i;
|

;1

Within a deterministic model, spatial data can beduto combine bio-physical and socio-economic
constraints and criteria to generate new datai@g#t al, 2004, Hillet al, 2005, Malczewski, 2004,
Store and Kangas, 2001). One aim of system madelising a SDSS is to generate alternatives that
are predefined and reflect decision options (Linkdwal, 2006, Malczewski, 2004, Salgaeét al),

with varying weightings on the decision variableighim the system. The differences between the
alternatives may be major and hence may resuligimificant variations of data output. Therefore a
constant revision throughout the modelling process required that incorporated expert and
stakeholder knowledge, in order to optimize theunegl output.
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1.5. Spatial Decision Support Systems

Recently, considerable efforts has been undertakeevelop techniques that environmental scientist
may use to provide more usable information to suppell balanced spatial decision making (Jacobs,
2002, Liu et al, 2008). They may integrate an environmental s@epmblem, expert and local
knowledge, stakeholder’s interests and concernswel$ as spatial information for ecosystem
properties into their problem analysis. AlthoughS®has been suggested to meet their functional
specifications that were set at the beginning pfaect, they are still rarely used (Uran and Janss
2003). This research provided a link to this diseus by undertaking a case study on ORD in central-
western Namibia using a SDSS. Spatial-temporal rmé&tion for different policy visions was
generated related to ORD activities by using a i8ptulti Criteria Evaluation (SMCE) approach.
SMCE allowed the integration of stakeholder knowkednd decision makers’ preferences in order to
manipulate spatial and non-spatial data accordingdefined decision variables referred to as cateri
and problem constraints. Based on expert knowledueria were assigned a specific weight within
the SMCE. To maintain transparency during the aglyhe criteria are grouped together in terms of
themes. The definition of alternatives regardingisien variables (Malczewski, 2004) was linked to
preferences expressed by decision makers andaweiigoals and objectives. The method assisted to
understand the relationship between the differefindd themes and constrains to optimize spatial
planning including ecological and socio-economiuidas.

1.5.1. Stakeholders

The identified stakeholders that are suggested est melevant to ORD in the area are grouped
according to their interests and function (Table 1)

Table 1 Relevant stakeholders to off-road driving, theterests and functions

Ministry of Environment & Tourism
Ministry of Land & Resettlement Decision
Regional Councils makers
Municipalities
NACOMA
NGO'’s EEEN Experts
SAIEA

Quad bike rental

Tour operators and guides
Other related businesses
Mining Local actors
Fishing community (recreational)
Public ORD community

Public not involved in off-road

Tourists International and national tourists Consumers

National and
Provincial
Government

Business
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1.5.2. Spatial Multi Criteria Evaluation

Attempting to representing complex real-world sysewith GIS models is difficult and next to
impossible as the models at best only reflectskassti of the possible parameters of the possible
situation (Munda, 2004). A wide range of differaartid conflicting opinions has to be integrated
(Munda, 2004) in the evaluation process of publamg or projects. The same is valid when assessing
human caused environmental impacts, as ORD. Obgeatid subjective data and information has to
be combined in a correct way (Malczewski, 2004a¢hieve the most accurate representation of the
problem in a spatial-temporal way. Munda (2004)gesgs multi criteria evaluation as an appropriate
framework to address such complex issues. As aecoiesice, SMCE is suggested as a suitable tool,
when spatial information is to be generated. Variauthors (Celliergt al, 2004, Hill et al, 2005,
Jacobs, 2002, Makropoulos and Butler, 2006, Patarsal, 2008) have used his method for a variety
of different applications and have described itsdfiés and limitations in detail.

1.5.3. Why Spatial Multi Criteria Evaluation seems  a suitable tool

When assessing a human-environmental associatbteproa number of factors need to be taken into
account, not the least of there is human interastsconcerns (Linkoet al, 2006, Munda, Munda,
2004, Salgadeaet al). In the framework of sustainable developmentkettalder participation is
essential and local knowledge and interests mal/beeincorporated in SMCE. The method aims to
link expert knowledge and decision making in a wlagt appears more suitable for this study than
other ecosystem models. Ignoring the importancéocd! stakeholder and tourists’ interest would
only partly analyse the problem of ORD and is expedo cause less accurate final results, through
the omission of essential spatial information regghifor the analysis.

It may further lead to substantial opposition o€ thublic (Davenport and Davenport, 2006) as
recently observed in South Africa. Due to a laclsatntific and social research it was suggested as
nearly impossible to motivate (Celliers et al., 20vhy certain areas were included or excluded as
recreational use areas for ORV. Celliers et al0g2@mphasised the need to combine socio-economic
considerations with appropriate scientific and eowation expertise for an effective coastal use
strategy. This research tried to include the rammeal and fishing community, to reduce the
opposition and criticism of ORV users in the arBansparency through the process can be regarded
as another strong point of the SMCE approach. Todelts ability to analyse large data sets related
to complex human-environmental questions, to jgiatial and non-spatial criteria and to combine
environmental and socio-economic aspects in onlysisas of additional importance.

In seeking to formulate decision options for plamgniand development, the most common
denominator between the interest groups becomedothes. However, what may be lost in the
development of these plans are considerationshirsensitivity of the environment. On the other
hand, what maybe required is the need for a sivigien that takes into account environmental and
socio-economic aspirations of the interest groaps, the Convention on Biological Diversity. In an
attempt to answer these questions, SMCE was use dpatial planning approach with and without
strict environmental regulations.
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1.54. Spatial planning under Stakeholder Visions

Areas suitable for off-road driving were identifiéd line with decision maker’s preferences for

various policy visions. Those were integrated ia final model stage to determine the importance of
the different groups through weight assignmentdach decision option. Key interests of decision
makers and hence of government policies are unihfiiyenced the decision-making process. The
model parameters can be adjusted at the final sihgbe generated spatial alternatives do not
conform to future development plans at a higheran@hical policy level. If additional areas are

required for new socio-economic developments, theserl to incorporated into management plans
and zoning requirements. The integration of stakkdie at the final stage aims to produce an optimal
spatial planning solution for developments in areaarby combining socio-economic and

environmental interest. However, this procedure tinder strategic environmental decision as it
seeks to compromise environmental and consumeecosic

1.5.5. Spatial planning using strict environmental regulations

In contrast, the research proposed a BiologicakBity Convention Vision that takes into account
only one policy vision where suitability for ORD isubject to restrictions. Common goal is
sustainable development in the area under strigt@mmental regulations, following the Convention
on Biological Diversity. The approach may facilgatiscussions on one hand, as no alternative comes
into question and prioritisation of interest groupescomes less important. On the other hand, one
solution without alternative is likely to result gubstantial criticism of stakeholders, if the néad
nature conservation is not emphasised in-deptmarxt important no direct layout is suggested, how
socio-economic and tourist activities may take @lac

1.5.6. Aims, objectives and research questions

1.5.6.1. Aims

Target of this research was consequently; to devalgeneric method to identify areas susceptible to
environmental changes caused by ORD and furtheonapare a spatial planning approach with and

without strict environmental regulations. In thghli of observed ORD impacts in the past, such a
research seemed valuable and may assist futuraiptpand management processes in comparable
environments, to promote sustainable developmethtase areas.

1.5.6.2. Objectives

Identifying areas where ORD takes place (spatial)

Identifying activities that cause ORD (spatial)

Assessing the ecological and landscape sensitvi@RD (spatial)

Assessing the ORD suitability of the area unddiediit policy visions (spatial/temporal)
Assessing possible ways for ORD to avoid or miggatgative environmental effect (spatial)
Comparing short and long term effects between alpalthnning for ORD with and without
strict environmental regulations (spatial/temporal)
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1.5.6.3. Research questions

What are the current impacts of ORD?

To what extent could negative impacts be avoidetnaitigated by spatial planning?
To what extent could negative impacts be avoidetinitigated by regulations?
What are the short and long term effects of theseapproaches?

Based on this a number of hypothesis were develogedh were scrutinized and where possible
proved in the research.

Hypothesis 1 ORD caused by socio-economic activities leadegative effects on the environment.
Hypothesis 2 ORD caused by tourist activities lead to negatiffects on the environment

Hypothesis 3 Restricting ORD areas using strict environmenggjulations leads to avoidance and
mitigation of negative effects on the environment.

Hypothesis 4 Managing ORD without strict regulations leadsulsustainable social, economic,
cultural and environmental development.

Hypothesis 5 Managing ORD using strict environmental regulasiolead to social, economic,
cultural and environmental sustainable development.
The hypotheses were supported by the followingrdai

Claim 1: A number of socio-economic activities inducing @DRead to negative effects on the
environment.

Claim 2: A number of tourist activities inducing ORD letadnegative effects on the environment.

Claim 3: Restricting ORD areas using strict environmermgdulations lead to avoidance and
mitigation of negative effects on the environment.

Claim 4: Spatial planning for ORD without strict environmal regulations leads long term to social,
economic, cultural and environmental unsustaindblelopment.

Claim 5: Spatial planning for ORD with strict environmentagulations leads long term to social,
economic, cultural and environmental sustainableld@ment.
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2. Methodology

2.1. Study area

The study area was the central Namib Desert thelhasacterized by a hyper-arid climate and great
landscape character (Goudie and Eckardt, 1999).afé¢e was formed over the historical past where
plate tectonics and chancing climatic conditionsated a landscape of complex geological pattern.
The Namib Desert dunes, some exceeding 300 m, momdthe highest in the World. They are
bounded in the west by the Atlantic Ocean and astching more than 150 km inland. The annual
rainfall in this area ranges from about 10 mm atdbast and increases towards the east, wherg it ma
exceed 200 mm (Goudie and Eckardt, 1999). Exterepiemeral river catchments with gravel plains
transverse the Namib westwards (Botes et al., 200@ye their estuaries open out into the ocean.
Sand dunes, as well as river beds and estuariesuaceptible for ORD as highlighted in the previous
chapter. There are concerns that the aestheticeamnonmental value of the area may become
degraded (UNEP, 2008) by the extent of off-roaglidg caused during recreation activities.

2.1.1. Study area selection

The study area is the Erongo District in westermiga, with a virtual boundary in the eastern part,
defined at around 100 km inland. This limit was &ettoncentrate on the coastal, sensitive areas,
where most of the ORD is occurring, without omitithe Messum Crater and Brandberg area. Those
two locations are recognized as important locatifarsbiological diversity, cultural heritage and
tourism activities. The fieldwork was carried ootthe area between latitude 20° and 22° S, inctudin
the towns of Walvis Bay in the south and Swakopmimthe north. This site was chosen for its
importance to tourism industry at a national antermational level. Considering its richness in
biodiversity and its already observed impact of-rolid vehicles on the fragile dune ecosystem
(UNEP, 2008), this area seemed very suitable fstudy on ORD impacts. In addition, the results
may be integrated in the current assessment arelagewent for a zoning plan within the dune belt
area, which is targeted within the Dune Belt Mamagiet Plan and Regulations (ICLEI, 2008) and
therefore of use for the regional planning process.

Figure 4.1 Study area in western Namibia
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Figure 4.2 Detailed view of the study area and general mégrination
Projection Information :

Projection: Transverse Mercator False Eastin90680.000000
Geographic Coordinate System: WGS 1984 False Morth.000000

UTM Zone 33 S Central Meridian: 15.000000
Datum: WGS1984 Scale Factor: 0.999600
Linear Unit: Meter Latitude of Origin: 0.000000
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2.2. Generic Framework

Figure 5: Generic Modelling Framework

2.3. Conceptual diagram

Figure 6: Conceptual diagram showing the dynamics reladgdRD within the district system
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The conceptual diagram (Figure 4) focuses on ORDoamits irrelevant factors. It tries to explain the
dynamics within the district system that is drivienpart by foreign currency generated through the
tourism industry. ORD and the development of irthiacture and new tourist facilities are affecting
the ecosystem. Drivers are socio-economic anddbactivities and governmental policies that aim to
achieve their set goals during one legislative qaeriSocial, economic, cultural and environmental
sustainability would result in an equilibrium be®mesocio-economic and ecosystem requirements.
However, unsustainable use driven by socio-econamsioects would automatically result in a
negative feedback loop, as the services providedhbyecosystem would decrease. Hence, fewer
services would be gained form tourist site, lesgifm currency would flow into the system, leading
to less GDP generated and an unstable situationinnthe system. Such feedback loop would
therefore result in decreasing services not onhhonans, but also for the coupled subsystems fauna
flora and landscape. Based on the systems dynampesific attention were given during the
fieldwork period on the socio-economic factors tredeto ORD.

2.4. Data Description

24.1. Landsat ETM images

Since the year 2000, there were no more than 3darieilTM GeoCover images (Global Land Cover
Facility, 2008) available that combined covered $tiedy area. GeoCover images provide multi-
temporal high resolution images that are corredtmdterrain distortions and errors in image
geometry; they are resampled using a nearest-naightbethod. All images have a pixel size of 28.5
m and are projected in UTM/WGS84. The scenes aradcfree. Table 2 shows the details of the
selected images:

Table 2 ETM + image characteristics and acquisition date

World Reference
Satelitte | Sensor System Path| Row | Aquisition date Image
Landsat 7| ETM+ WRS-2 180 75 02.07.2000
Landsat 7| ETM+ WRS-2 179 76 06.04.2000
Landsat 7| ETM+ WRS-2 179 75 20.02.2001
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2.4.2. GIS data

Appendix 1 shows the essential primary and secgngzator data (Chapter 6.2.) that was integrated
in the SMCE. The data required was revised durrggresearch period based on new insights and
expert knowledge.

2.4.3. Pre-processing of data

Landsat ETM+ layers, representing the bands 1 taese stacked for each image and grouped
together to cover the study area. Raster and veletiar was projected to WGS84 UTM Zone 33S.
Bands displayed for on-screen digitizing were bdn® and 2 in Red Green Blue (RGB). Primary
data was generated using various techniques amdesotinat are shown in Table 3 and Figure 7.

Table 3 Techniques and sources used for the generatiprirofiry data

Technique Data Generation

On-screen digitizing | Dune Belt, Brandberg, Messum Crater, roads, rivaarean boundary,
using Landsat ETM+ | estuaries

Tour route, Living Desert route, sand boardingchesccess, ground

Mobile GIS control points (GCP)

Participatory mapping | Damara Tern breeding sites, Yamaha route, evest, gvent access,
(Appendix 6) recreation community, movie production, fenced srsand mining

Literature / printed

source (Appendix 5) IBA, lichen distribution, fishing, uranium deposits

Figure 7: Example for data generation using the variouBrigpies described in Table 3




SPATIAL PLANNING FOR OFF-ROAD DRIVING AREAS — PROS AND CONS OF ENVIRONMENTAL REGULATIONS

On screen digitizing of river distributaries wasfined to parts of the Swakop River and should only
give an example of the differences in sensitivigtween a main riverbed and its tributaries. The
Swakop River was chosen, due to the importancesfiveational and commercial tourist activities not
only within the main riverbed, but also in its uthAries. Uranium deposits are used as a repregentat

of exploitable natural resources in the area and tiwir deposits are related to ORD influence
through prospecting activities.

2.4.4. Software used

ArcGIS 9.3 was used for vector data generation|enthie raster data was processed with ILWIS 3.5.
The latter software was in addition used for madgland the analysis carried out.

2.5. Pre-Fieldwork

The pre-fieldwork phase was determined by geogcaphdata preparation (Appendix 1) and the
development of questionnaires for interviews (Appgra).

251 Data Preparation

Field data preparation required the processingeofyraphical data that lead to a preliminary zoning
map. The procedure was described in Chapter 2ntl Appendix 1. This map was used to define the
sampling areas for field data collection. As theliprinary SMCE was mainly based on assumptions,
their groups and criteria were as expected revisdtie field, due to new information acquired by
stakeholders. This revision resulted in modificasiof the defined sampling areas. A high degree in
uncertainty in the pre-field analysis was considexrd extra time scheduled.

2.5.2. Integration of stakeholders

A questionnaire was developed to generate infoomdtiom the public. The obtained feedback was
considered as important in terms of community andist needs. It focused on ORD behaviour and
preferential areas visited by ORV users (Appendixriividual interviews with experts and decision

makers were arranged beforehand. Those includedisamCoast Conservation and Development
Project (NACOMA), Desert Research Foundation of Néen(DRFN), a tour operation specialist and

governmental officers. The results were considaedssential in validating the defined criteriaduse

within the SMCE and the generated zone map.

2.6. Fieldwork

The fieldwork was carried out between tHedd September and the 29f October 2008. Interviews
with experts, decision makers and local stakehsldegre conducted in the towns of Windhoek,
Swakopmund, Walvis Bay and Gobabeb. Ground dateatimin was focusing on three different
areas, the Dune Belt, the coastal zone between &waknd and Cape Cross and the Swakop and
Khan Rivers. Data collection included qualitativedaquantitative, subjective and objective
information, social-economical and environmenté&bimation.
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2.6.1. Stakeholder interviews

Public associated to ORD was interviewed relatedhtir interests, preferences and concerns.
Interviews were carried out using a pre-prepareédstionnaire (Appendix 2). The local ORD and
fishing community, as well non ORD interest groupslifferent age ranges were targeted to obtain a
most wide range of respondents for this case stAdiotal of 60 questionnaire interviews were
conducted during 9 days. Where relevant, resposdieticated on an A2 Landsat ETM+ image
(Table 2) their areas of interest. In addition,i@@ividual interviews were carried out with decisio
makers, experts, businesses and public. 21 of tfexsesed on environmental and socio-economic
concerns that were suggested as important in #a &he results obtained during all interviews were
used to review the criteria and their weighting hivit the SMCE. During a meeting with the
governmental officers the predefined alternativesendiscussed and the group weighting for those
visions defined. Further, participatory mapping wasried out as part of the interviews. Appendix 3
shows the stakeholders, their function and the geerated as a result of the interviews.

2.6.2. Reconnaissance visits

Ground data was collected and reconnaissance wsits undertaken at 5 different locations. The
selection of the study areas chosen was justifiedugh the results obtained during the interviews.
The Dune Belt, the coastal zone between SwakopranddCape Cross, the Swakop River and the
wider Khan River area were identified as both, intgat in socio-economic and environmental terms.
An area close to Walvis Bay was visited, as the wsias expected to reveal insight in the longevity
aspect of ORV. The site was used as an experimezgaarch site for ORD in 1992 (Daneel). Table 4
highlights the importance of each area in relationeconomic and tourist activity, as well as

suggested environmental sensitivity.

Table 4 Importance of reconnaissance areas

Importance Dune Belt | Coastal ZongSwakop/Khan RiverKhan area Walvis Bay,
Ecology

Landscape

Economic activities No
Tourist activities No No
ORD longevity No No

Track age () and track density @) of ORV’'s was recorded at 54 sitemr comparison with the
expected environmental sensitivity to ORD, respetyi suitability of an area for ORD. Photographs
were taken for validation and better illustratiodntrack age and density. Time of the day and fixed
camera angles were not considered, as field sitelsl ©nly be visited once due to time constrairits o
the study. The images were taken from the site angle that were regarded as most suitable to
capture the features of the track at the given tinthe day. Track age was based on track contours
and to what extent they had changed through weathprocesses (Figure 8).

8.1.Young 8.2.Medium 8.3.0ld
Figure 8: lllustration of track age definition in the field
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Track density was estimated as percentage coverfage area 100 x 100 m. The following classes
were differentiated and shown in Table 5. Figurde 22 illustrate the manner in which ground data
was collected in the different areas of varyingie@conomic importance. In addition, they show the
variations in track density and age at those looati(Table 5). For a better understanding of track
longevity a site was visited, where an experime®8D study was conducted. Figure 13 shows one
track from the bottom and the top of a slope, destrating the importance of climatic variability in
the coastal area and its relation to landscapeatians and ORD impact.

Table 5 Track density classes

Class| Track coverage in % | Description

1 0 Absent

2 0-10 Low

3 10 - 30 Moderate

4 >30 High
Ta young T old/medium/young
Ty low Ty medium to high

9.1.Sands 14°33'15.348"E 22°43'15.102"S 9.2Gravel plain 14°33'02.658"E 22°42'14.784"S
Figure 9: Dune Belt (Tour operations, quad biking, pubkcreation, events, movie production)

Ta old/medium/young a4 old/medium/young
Tq medium T high

10.1.Lichen fields 14°06'05.736"E 21°53'30.066"80.2River estuary 14°16'12.750"E 22°05'11.346"S
Figure 10 Coastal Zone (Recreational fishing, beach aatisitquad biking)
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Ta medium/young Jd old/medium/young
T4 medium T medium
11.1.River bed 14°48'040"E 22°39'664"S 11.2. Tributary 14°52'778"E 22°39'958"S

Figure 11 Swakop River (Recreation, tour operations, eyents

Ta young T old
Tq high Ty medium

12.1.Gravel plains 14°54'40.320"E 22°33'59.760"R.2.Gravel plains 14°55'387"E 22°33'338"S
Figure 12 Khan Area (Mining, tour operations, recreation)

Ta 16 years T 16 years
Visual appearance young Visual appearance medium

Figure 13 Experimental ORV track by Daneel (1992)
13.1 Bottom 13.2 Top
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2.7. Post-Fieldwork

The collected field data was combined and analgsetithe preliminary SMCE revised accordingly.
The following subsections describe the data andge®used to generate the required ORD suitability
Visions. It further elaborates on the method us$ed weight criteria, groups and alternatives within
the SMCE. Figure 14 is illustrating the data inputhe models and process flow, while Figures 15
shows the final comparison of the two spatial plagmpproaches used.

2.7.1. Data Description, process flow and model str  ucture

Figure 14: Flowchart of geographical data preparation

Figure 15 Flowchart showing the comparison of the two spp@ianning approaches used
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After rasterizing the vector files, the followingmary data was used to create distance maps esjuir
for the later analysis; towns, rivers, roads, tawute, Living Desert route, sand boarding, evetetssi
uranium deposits, sand mining, fishing sites, mderareas, Yamaha route, beach access, ocean
boundary. The Spatial Multi Criteria Evaluation smoin Figure 14 is broken down in the four main
groups of Socio-Economic activities, Tourist adtes, Landscape and Ecology shown in the criteria
tree (Figure 16). Those groups are combining tlieeri@ sensitive to changes within the system
(Figure 6). Due to integration of expert knowledgesach group and an extensive revision process
throughout the modelling period, a sensitivity gse was omitted and low to non sensitive criteria
excluded prior the analysis.

Table 6 Criteria function within Evaluation and Suitabiligodef

Definition:
Nominal Qualitative data / identity of things
Ratio Quantitative data with an absolute zero
Spatial Constraint A Constraint is a binding criterion, where no substitution liswed
Spatial Benefit A Benefit contributes positively to the output; thereyou have (the
higher the values), the better it is.
Spatial Cost A Costcontributes negatively to the output; feesyou have (the lower
the values), the better it is.
! Constraints in the suitability model have adjugteslr function regarding
their Measurement Scale within the evaluation m@8ppendix 8)
Criteria Measurement Unit Function Group
Scale
Movie Area is classified as non suitable for
. Nominal ORD, as it should be preserved for
production . : o
movie production activities
Spatial cost. Within 2500 m, the closer
Distance to . ORD areas are to sand mining locations
L Ratio Meter : -
sand mining the more economic the mining takes
place.
. Spatial cost. Within 20000 m, the closer
Distance to : :
. . ORD areas are to uranium deposits the
uranium Ratio Meter . : . .
. more economic future prospecting will Socio-
deposits

be. economic

Spatial Constraint. Fencing should | activities
Fenced Area| Nominal prevent uncontrolled access to the Dune
Belt and Damara Tern Breeding Sites

Distance to Spatial cost. Within 500 m, the closer
Living Ratio Meter | the ORD area will be to the tour
Desert route operation route, the better it is.

Spatial cost. Within 500 m, the closer
Ratio Meter | the ORD area will be to the tour
operation route, the better it is.

Distance to
tour route
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Criteria Measurement Unit Function Group
Scale
SD;tgnce 2 Spatial cost. Within 500 m, the closer
. Ratio Meter | the ORD area will be to the tour
boarding . L
) operation route, the better it is.
sites
. Spatial cost. Within 500 m, the closer | Socio-
Distance to . . .
event site Ratio Meter | the ORD area will be to the tour economic
operation route, the better it is. activities
Spatial cost. The closer ORD areas are
Distance to . to the riverbeds the more economic for
: Ratio Meter ; i
riverbeds commercial tour operators; no entrande
licences needed
Distance to Spatial cost. Within 2500 m, the closer
Ratio Meter | ORD areas are to existing roads the
roads Lo
better the future accessibility.
Spatial cost. The closer ORD areas aie
Distance to to towns the less time involved for
Ratio Meter | tourists to go there and the more
towns I )
economic it is due a shorter distance for
transportation.
Distance to Spatial cost. Within 2500 m, the closer
o Ratio Meter | ORD areas are to fishing spots the better
fishing spots . I~
their accessibility
The higher the number of consumptive
catch fish, the higher the attractiveness .
of the fishing spot, the higher the Tourist
Fishing spots| Nominal necessity for ORD. Spots including | activities
sharks are ranked highest, as sharks are
regarded lion species indicating an
abundance of fish in the area.
grlzgasngfe e Spatial cost. Within 10000 m, the closer
- Ratio Meter | ORD areas are to areas of specific
specific .
) interest, the better.
interest
Distance to Spatial cost. Within 5000 m, the closer
riverbeds for | Ratio Meter | the riverbed to the ORD area the better
leisure for leisure activities
Distance to Spatial cost. Within 1000 m, the closer
Yamaha Ratio Meter | ORD areas area to the Yamaha route
route the better.
Distance to Spatial benefit. Highest sensitivity
estuaries Ratio Meter | within the estuary. Within 2000 m,
the closer the ORD area is the worse.
Distance to ' Spatial benefit. Highest sensitivity along_andScape
ocean Ratio Meter | the beach. Within 1000 m, the closer the
boundary ORD area is the worse.
. . Area that is not suitable for ORD, as it
Gravel plains| Nominal

has a high landscape value.
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Criteria Measurement Unit Function Group
Scale
Spatial cost. Highest aesthetic value
Distances to : and sensitivity within the riverbed.
. . Ratio Meter .
rivers main Within 2500 m, the closer the ORD
area is the better.
Dist i Spatial benefit. Highest aesthetic value
Istances to . and sensitivity within the riverbed.
rivers Ratio Meter Within 2500 the cl the ORD
distributaries : ',n m, the closer the
area is the worse.
Dune Belt Nominal Area is moderately suitable @RD Landscape
Area that is not suitable for ORD, as it is
Dune Sands | Nominal to more than 80 % under a protected
status (Namib Naukluft Park, IBA) and
has a high aesthetic value.
Messum Spatial Constraint. Part of proposed
Nominal Gondwana Park Project (Unesco); high
Crater ) L
conservation priority
Plant Nominal The higher the number of endemic
endemism species the less suitable for ORD.
Welwitschia | Nominal Area with Welwitschia not suitable for
ORD.
Amphibian Nominal The higher the number of endemic
endemism species the less suitable for ORD.
Reptile Nominal The higher the number of endemic
endemism species the less suitable for ORD.
Scorpion Nominal The higher the number of endemic
endemism species the less suitable for ORD.
Mammal Nominal The higher the number of endemic
endemism species the less suitable for ORD. Ecology

Damara Tern

Nominal

Spatial Constraint. Endangered species;

breeding areas in the dune belt betwee
Swakopmund and Walvis Bay.

Lichen
distribution

Nominal

Spatial Constraint. Lichen fields are
identified as unique and important
vegetation in the Namib, including
endangered species; high conservation
priorities.

IBA

Nominal

Spatial Constraint. International Bird
Areas are areas that are identified as
globally important; high conservation

priorities
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Due to the prior problem evaluation and subseqsgaitability analysis two different models were
required that are shown in Figure 16 and AppendiXt& approach described is identical for both
models, but with minor differences in standardmatiand weighting for the evaluation model
(Appendix 8). Within the Evaluation Model Damararfielichen distribution, International Bird
Area’s (IBA) were integrated in tHecology Messum Crater in theandscapeand fenced areas in the
Socio-economic activityGroup. Those criteria were defined as spatial caims within the
Suitability Model.

2.8. Spatial Multi Criteria Evaluation

2.8.1. Criteria, groups and alternatives

Chapter 1 explained the author’s arguments forguSIMCE to undertake the analysis of data during
this study. The group definition (Figure 1) wasdzh®n stakeholder information and the literature
review undertaken. Figure 16 is a representatiomhef criteria tree including group, criteria and
constraint description for the suitability modepafial constraints (Table 6) are those factors dhat
prior the analysis excluded from off-road drivingamara Tern breeding areas, Lichen Distribution,
IBA's and Messum Crater are defined as constralnesto their ecological or landscape importance
in the area. A fenced area was demarcating frondthree Belt in the east to the main road connecting
Swakopmund and Walvis Bay in the west in order revent uncontrolled access of ORV into the
environmentally sensitive Damara Tern breedingssitédis area was predefined as no-go zone based
on stakeholder interest. Details about group, iaitand constraint functions, units and measurement
scales that were integrated in the SMCE are ginélrable 6.

2.8.2. Standardization and weight assigning

Standardization of all criteria had to be appliaslthe input maps required one single unit in oroler
be compared. Therefore, different standardizati@thods have been used depending whether the
input map represented\falug Classor Booleanmap. Based on the defined function, the map or
attribute column was converted in values betweand1. Standardization and weight assignment for
the group’s landscape and ecology was based omté«pmvliedge, while tourist activities were based
on questionnaire results (Appendix 4) and commuiritgrviews; socio-economic activities were
standardized and weighted according to informatiotained by local authorities and businesses.

2.8.3. Alternatives

Following, group weighting was applied for the difnt alternatives discussed and ranked by the
competent decision makers. The four visions weseudised as spatial planning approadthout
environmental regulations.

Business as usual vision (BaU — reflect the curséottion and no future chance)

Ecology vision ( Ecology — focuses on environmefdators)

Most environmental friendly vision (MEF — equal dmgis on socio-economic activities and
ecology, as well as tourist activities and landsgap

Equal vision (Equal — equal weights for all groups)
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As described in Chapter 1.5.5, a Biological Divgrs€onvention (BDC) was included that tries to
follow the Ecosystem approach COP 9 Decision IX&&cretariat of the Convention on Biological
Diversity, 2000) of thdnternational Convention of Biological Diversjtjoining social, economic,
cultural and environmental values. The BDC Visioasvdiscussed as spatial planning approach with

environmental regulations (Chapter 4). ORD suitgbihaps were generated for all alternatives based
on the weighting shown in Table 7.

Figure 16: Example Criteria Tree fauitability analysisunder an Equal Vision
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Table 7: Group weights for different policy visions:

. Vision

Group weights

Equal BaU MEF Ecology BDC
Socio-economic activities 25 40 30 25 15
Tourist activities 25 30 20 15 15
Landscape 25 10 20 25 20
Ecology 25 20 30 35 50

2.8.4. Algorithm

Table 8 describes the additional steps undertaktiinithe raster software, without considering the
previously described model process. Following thistadce calculation the input maps were
incorporated in the model; the output maps weiedlin classes and area calculations were carried

out. Raster maps were represented on a pixel bsi jpiasis of 500 fn however the calculations
within the models were based upon 1m by 1 m.

Table 8 Algorithm

Procedure

Functions and details

Polygon to Raster

Output=MapRasterizePolygon(InputPol
onMapName, Georeference)

Define undefined
areas

Output2=IFUNDEF(Output,”"UndefinedC
lassNumber”)

: For each pixel the distance to its ’ S ’
Distance . . . . ; 5 0 5
calculation nelghboutlng plxels IS calc.ulated using

3 * 3 matrix with the following values: 7 5 7
Upper
Slicing (suitabili Value ranges of values of the input map-2oundary Class
classgs) Y| are grouped together according to 0.25 | non suitable
predefined output classes 0.50 | conditional suitablé
1 suitable
Upper

" - Value ranges of values of the input mag-22undary Class
Slicing (activity ; 0.1 low
classes) are grquped together according to

predefined output classes 0.2 moderate
0.5 high
Upper

. .| value ranges of values of the input map-2oundary Class
Slicing (sensitivity ; 0.6 high
classes) are grquped together according to

predefined output classes 0.8 moderate
1 low

Study area
calculation

GroupOutputArea=IFF(StudyArea="1",C
roupOutputSlice,?)

Raster Histogram

Calculates the area for each class by

using the number of pixels per class
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2.8.5. Assumptions

The primary and secondary data used was regardembresct; imprecise data did not affect the
overall results due to the scale, the analysisaaased out. ORD and environmental sensitive areas
were only influenced by the selected groups andd#dimed factors. The factors revised on the basis
of the data collected in the field were consideesdvalid. No other factor was affecting ORD
suitability in the area. Model parameters were tamsand did not change between the analyses.
Although subjectivity included through stakeholdgpinions and own perceptions could not be
omitted, the collected data was considered as tgeand valid. Thus, the ranking of the different
policy vision was regarded as valid, too.

The results described in the following Chapter argmplified representation of reality, as only the
major criteria responsible for ORD were includedhia analysis.
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3. Results
3.1. Evaluation of ORD activities on the environmen t
3.1.1. Socio-economic and tourist activities

The maps in Figure 17.1 and 17.2 show socio-ecanaml tourist activities leading to ORD in three
activities categories; low, moderate and high.

17.1.Map of socio-economic and tourist activities17.2.Map of socio-economic and tourist activity

including towns for discussion including ORD activity

Legend

Activity class Socio-economic activity Touristity

] Low Event site Area of interest

[ ] Moderate Sand boarding site Fishing

[ 1 High Sand mining site — Riverbed for leisure
Uranium deposit — Yamaha quad bike route

Living Desert route
— Tour operation route

B  Movie productio
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Table 9 Area of socio-economic and tourist activitiesunhg ORD in ha and %

Activity Area

Class ha %
low 2517500 83.0
moderate 466325 15.4
high 47925 1.3

Figure 17 shows potential ORD areas, reflectingaseconomic or tourist interest and their related
activities. For an improved illustration the adiies leading to ORD are overlaid (Figure 17.2.}los
activity map in Figure 17.1. Tourist activities azensidered highest along the coast, the Swakop
River and the Dune Belt; areas that required aelangended use of ORV for access. Fishing and
recreational beach activities are taking place @ltre coast, while the Swakop River is used for
wildlife watching, day or overnight drives. Adventy sport and fun are associated to the Dune Belt,
where mainly quad biking is carried out.

Further potential ORD mirror economic interest araad linked activities that can roughly be divided
in commercial tour and event operations, movie petion and mining. While mineral deposits are
found further inland, the broader tourist sectait amovie production is concentrated in the Dune Belt
and along the Swakop River. The 10 km buffer zaoerad the uranium deposits highlights that ORD
associated to potential mining areas, occurs dutiegphase of prospecting, while ore extraction is
generally confined to a relatively small area, wher road network is usually established before
extraction begins. Event operations (e.g. 4 x #dwling rallies in the riverbed, desert dinnens o
product launches) usually take place in the Swdkiepr and the Dune Belt. Group sizes involved in
event activities range from 30 up to several huthdmreeven thousand persons, if activities include t
management of cruise line travellers. However,aadl characterized by having one event site that
serves as a catering location, hereby definingraa af impact. Frequency of events and number of
participants are determining the number of ORVdting the locations. Table 9 shows that 1.3 % of
the area is associated with high, respectively ¥ with moderate activities related to ORD.
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3.1.2. Environmental sensitivity

The maps of Figure 18.1 and 18.2 show environmes#akitivity of the area in three sensitivity
categories; low, moderate and high.

18.1.Map of environmental sensitivity 18.2.Map of environmental sensitivity showing
including towns for discussion IBA's, lichen distribution, Dune Belt, Messum
Crater and estuaries
Legend:
Sensitivity class Environmental factors
] Low ] [BA
[] Moderate ] Lichen distribution
[] High ] Messum Crater
— Rivers ] Dune Belt
Towns ] Estuary
Table 10 Area of environmental sensitivity in ha and %
Sensitivity Area
class ha %
low 473925 15.6
moderate 1040850 34.3
high 1516975 50.0
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Landscape and ecological factors are weighed t&% ®ach and combined in Figure 18. Comparable
to the activity map, the environmental sensitivitiap is evaluated using 3 sensitivity classes. The
classes are divided into low, moderately and highs#ive areas. Although the combination of

landscape and ecological features in one map isirtguhe loss of some spatial information, the

prominent environmental features are well illugdat Environmental sensitivity is suggesting a

moderate to high sensitivity for 84.3 % of the tatiaudy area. The total area in ha and % is given i

Table 10.

The landscape weight is determined by the grawhpmlominance. The gravel plains stretch from the
south-east to the north-west in the study area thithexclusion of the Swakop and Khan River areas.
Based on expert knowledge, the gavel plains werkech as highly sensitive in the landscape group,
but a large extent of the area is resulting in alenate sensitivity after combining landscape and
ecology factors. The results also show the Dund Betl the Swakop River are considered as
moderate or low sensitive, hereby showing no diffiee between an individual group or combined
classification. The importance of ecological fastevas based on a concurrence of various criteria
that are ranked highest in terms of their sensjtiiheir international importance and on species
endemism. Namibians lichen fields are a unique y&tem, hereby justifying the priority given by
environmental agencies. IBA's are globally definbdth protected and unprotected and are likewise
of international significance. Both, reptile anasgion diversity and endemism are high in the Namib
Desert, adding to the overall ecological importaoftcthe area.

Figure 18 shows that areas with high conservatigoripes and landscape value were dominant,
resulting in the classification of 50.0 % of thedst area as highly sensitive. 34.3 % of the arem wa
classified as moderately sensitive, covering thedd8ands and the Dune Belt in the south-west and
parts of the central and northern study area. Lowirenmental sensitivity was shown to be in the
eastern part of the coast, around Swakopmund ardd\Bay, as well as in the north-east. Adding to
the overlaid factors shown in Figure 18.2, the heghsitivity of the central area was induced thtoug
the importance of species endemism, particulaepfiles and scorpions.
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3.1.8.

Environmental sensitivity showing socio-econ

omic and tourist activities

The map in Figure 19 shows the environmental sgitgiin the three sensitivity categories; low,

moderate and high and activities inducing ORD.

Legend

1 Low

] Moderate

[] High
Area of interest
Event site
Fishing

Sand boarding site
Sand mining site
Uranium deposit

Living Desert route

Tour operation route
Yamaha quad bike route
Riverbed for leisure

Movie production site

Figure 19: Activities leading to ORD overlaid on the envimental sensitivity

Table 11 shows a table where activities and seitgitif the area were crossed (Appendix 9).

Table 11 Cross Table of activities on sensitivity

Activity Sensitivity .
low moderate high

Areas of interest X X

Event sites X X X

Fishing sites X X

Living Desert route X X

Movie production X

Riverbeds leisure X X X

Sand boarding X

Sand mining X

Tour route X

Uranium deposits X X

Yamaha route




SPATIAL PLANNING FOR OFF-ROAD DRIVING AREAS — PROS AND CONS OF ENVIRONMENTAL REGULATIONS

An overlay of tourist and socio-economic activiti®owed that recreational activities, tour and even
operations, as well as movie production were takilage along the coast and the Swakop River;
areas defined as environmental moderate or highigigve. Uranium deposits are scattered, however
occur predominantly in highly environmental sensitareas. Sand mining sites are located within the
riverbeds, but close to their estuaries resultimgrtbeing classified as a moderate sensitive area.
Hence, the activities assigned to both groups tefré@st, are taking place to a major extent in th&8 8

% of the study area suggesting a moderate to kghitivity under combined landscape and ecology
criteria. The remaining 15.6 % of the area clasdifis non sensitive, shows only a minor overlap wit
tourist and socio-economic activities. The map dligilights that fishing sites are located in direc
proximity to lichen fields and IBA’s. By comparinfishing site density, edible fish diversity and
abundance (Appendix 6) with distance to towns, #nea around Wlotzkasbaken (Figure 17.1.)
showed an overlap of important tourist, ecology &mdiscape criteria, influencing ORD suitability
(Chapter 3.2.). Beach access points were omitteahasverlay, but will be considered further in the
discussion. A low to moderate ORD impact was edBahdor tour and safari companies (Figure
17.2.), as they tend to use existing fixed acceads with few variations. In contrast to event tod
operators, prospecting activities are to a largergxtaking place in pristine, undeveloped terrain,
where new ORV tracks are generated.

The results (Table 9) reveal that around 1.3 %efdtudy area was associated with high, 15.4 % with
moderate and 83.0 % with low socio-economic andigbwctivities that induced off-road driving.
They further reveal (Table 10) that the environraggeénsitivity of the area was estimated to beh hig
50.0 %; moderate 34.3 %; and low 15.6 %. The oyesfaactivities on the environmental sensitivity
map (Figure 19) showed that the area classifietbwssensitive also had low activity. Conversely
areas with moderate or high sensitivity indicatelerate and high activities, but restricted to iwada
partly clustered, locations.

ORD activities occurring in areas with variatiomsenvironmental sensitivity are causing differences
in environmental effects. Those are dependent enr¢lcovery of the environment and the spatial
extent the activity was carried out. Figure 20 shamriations in ORV track longevity and spatial
scale; factors of importance for the Chapters Bismn and Recommendations.

Longevity: short Longevity: long
Spatial scale: localised Spatial scale: extensiv
Figure 20.1.Dune Belt Figure 20.2.Coastal area
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3.1.3.1. The coastal area

The results indicate that high environmental sergitand tourist activities are meeting each other
along the coast. The interviews reveal that fistdlang the coast has to be considered as a problem
through the use of 4 x 4 vehicles and quad bikiggiré 21 shows an aerial image (NACOMA) of the
coast and ORV tracks generated for different puepos

A

Track circles generated by quad bikes for
fun

<+<—  Tracks generated by 4x4 vehicles to gain
beach access

Figure 21 Aerial coastal view

Reasons for ORV tracks are that access to the beagdined in an uncontrolled way and that 4x4
vehicles are used to drive up and down the beachesler to identify the best fishing site for the
day. 21 of 60 respondents did not consider accesgspas relevant, instead entering the beach by
driving from the main road through the sands argktation wherever the best catch of the day was
expected, without considering the effect onto thevel plains that have to be traversed. Distance to
towns and family interest were stated in intervi@gsadditional factors for determining beach access
points. Due to these reasons the area surroundigaizkasbaken was suggested as a priority area
for protection of lichen fields and gravel plaias, it meets all requirements defined by respondents
In addition, quad biking is leading to environmérmaanges at the beaches. Quad bikes are brought,
during peak holiday seasons in hundreds, as addltipiece of equipment, when fishing is not the
desired recreational activity, but rather used dayaout at the beach for the whole family. Thase a
used predominantly by children to keep occupiedlentarents focused on fishing or braaing. In most
cases children ignored, existing rules and reguiati partly due to the quad bike users being
unaware, but also partly due to a wilful ignoranekated to the coastal environment. Figure 22 shows
ORYV tracks in the gravel plains along the coasthain estimated high environmental sensitivity (See
Figure 18).

22.1 Different ORV tracks 22.2 Detailed view on various lichens species
Figure 22 ORD in the gravel plains at 14°06'05.736"E 2136366"S
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3.1.3.2. The Dune Belt

Figure 17 shows that the Dune Belt is one centreoafo-economic and tourist activities related to
ORD. Tour operations as quad bike tours, environatexducation tours (Living Desert tour) and
sport quad biking was carried out to a major exteitttiin the dunes. Those tours routes are confined
and can be regarded as fixed, when a buffer zoB®®@im was drawn around the route restricting the
influence of the tour operators to a small areail&@r to locations for sand boarding and special
events as desert dinners, as they are taking pladistinct point locations at the outer bounddry o
the dunes. As sand dunes are changing their fomasrapid scale driven by winds, the recovery rate
of ORV tracks is short. Figure 20.1 showed thatdseovered a 4x4 buggy track within 5 minutes
supporting the low to moderate environmental siuityit

Based on community interviews, recreational qu&ihbitakes place on a wider scale, but also on a
more or less fixed route or area. To capture thigation, a buffer of 1000 m was created around the
Yamaha quad bike route. Interviews did not revbat the general public and local quad bike users
act less responsibly using their quad bikes indilvges than commercial tour operators. Moreover, the
interviews showed that there was a great interastraong the quad bike community to show a
responsible behaviour, in order to prevent operflictsenhanced by biased press articles. Based on
the results, the Dune Belt area is considered asoderate sensitive environment that with the
exception of the Damara Tern breeding sites hasngparably low environmental sensitivity when
contrasted to areas with lichen fields or gravelnd.

3.1.3.3. The Swakop and Khan River

The results have shown that an overlap of sociox@mic activity and moderate to high
environmental sensitivity is given further in thevékop and Khan River area. Riverbeds and the
riverine areas are used by local tour operatorstiaaad¢ommunity for day and overnight tours and for
event operations. These routes and events areneorfd the main riverbed and their tributaries. ORV
users try to follow pre-established tracks dueddous reasons. Provided that sands are not t@o sof
and tracks not too deep, ORV'’s are easier to daine have a better fuel economy, if using existing
tracks. In addition, local community or tour operatdriving into the riverbeds or carrying out elven
operations are searching for an environment thiee[i$ as pristine as possible, to experience naiure
its best.

The interviews reveal that due to that reason,reeig environmental awareness was given and the
creation of more tracks than necessary avoidedaddition, event managers tend to use areas
undisturbed by human influence, as this is oftercuisite of selling an event site to the customer.
Compared to the main riverbed, an increase in weihgiwas suggested for the river tributaries, as
flooding is a rare event and permanent drivingrieaslted in a decrease of track quality and helmee t
establishment of new tracks for both, a betteraddemfort and to prevent the damage of the ORV
used. In contrast, the major riverbeds are fluskeasonally, but also in an irregular way, hereby
naturally restoring affected areas by ORD. In sumymthe results showed that the riverbeds have a
moderate sensitivity and a confined area of ORIuénfce. Increasing distance to the riverbeds leads
to a decrease of distance to the gravel plainsheemte raises the environmental sensitivity of the
area.
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3.1.3.4. The Khan area

Different results were obtained during the evalratif uranium deposits. The deposits are located in
areas classified as low to highly sensitive, witle gravel plains regarded as having the highest
environmental sensitivity. Protected areas arerdesghas having equal importance as unprotected
areas. The deposits are representative for theataesource importance in the area and should only
give an impression about their widespread distifiutFocusing on uranium deposits oversimplifies
the issue and the extent of potential prospectimd) mining areas. Currently over 100 prospecting
licences (Makuti, pers.com. 2008) for various mitgrof varying commercial value have been issued
for the area. The process of prospecting leads extensive disturbance of the natural environment
through ORD (Figure 23), although regulations arplace that ensures a following full restoratién o
the area. During prospecting, ORV'’s are enterirgparthat were previously undisturbed by human
activities. By breaking the soils crust, the fimeds underneath the crust are exposed and traedport
by the winds from their original location.

23.1 Prospecting site 23.2.Lichen cover at prospecting site
Figure 23 Prospecting site at 14°54'40.320"E 22°33'50'360'

This process changes the environmental conditiodstlze visual appearance of the area in the same
way as ORD changes the gravel plains along thet.cbater restoration of ORV tracks have shown
limited effectivity. Figure 24 shows the experimantesearch site of Daneel (1992), where tracks
were restored in 1992 and since left undisturbdgk [Bcation was remote due to the vicinity of the
Military Base in Rooikop.
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3.1.4. Environmental sensitivity, longevity and res  toration

The research by Danefl992) focused on differences in ORD impact dugdbicle type, load and
driving behaviour. As the experimental researcé sias not exposed to external disturbances since,
the tracks were regarded as authentic and the vViggef off-road tracks could be investigated; a
factor playing an important role when consideringisonmental sensitivity. Observations (Figure 24)
reveal that there was no difference in ORV tracksvieen restored and non restored tracks. Tracks
were ranked into 4 groups according their recovatg and longevity aspect. Rank one showed the
best recovered and ranks four the least recoveaelst The results showed that recovery of tracks
was induced through natural weathering processesyery was higher on top of the slope with grade
1 than on the bottom of the slope with grade 4td&ed tracks show the same grade of recovery (3 or
4) than the adjusted non restored tracks, as tleeg lying on the bottom of the slope.

Grade 1 Excellent recovered

Grade 2 Well recovered

Grade 3 Moderately recovered

Grade 4 Bad recovered (positive track effect)

24.1.Rehabilitated track, Grade 4 24.2.Digitized tracks using a Mobile GIS

Figure 24: Experimental research site of Daneel (1992)
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3.2. Off-road driving suitability maps for Stakehol der Visions
Figure 25: Equal Vision Figure 26: BaU Vision
Legend

[] Non suitable
[ ] Conditional suitable
[] Suitable
— Rivers
Roads

Towns

Figure 27: MEF Vision Figure 28: Ecology Vision
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The four alternative stakeholder visions are cfassiin three suitability classes; non suitable,
conditional suitable and suitable. Table 12 combirtee results obtained through the SMCE
suitability assessment (Figure 25 — 28).

Table 12: Area in % suitable for off-road driving undereahative policy visions

o % Area
Suitability
Equal BaU MEF Ecology
Non suitable 68 97 76 57
Conditional suitable 32 3 24 42
Suitable 0 0 0 1

Table 12 shows that there is only 1 % of suitabémdor ORD in the Ecology Vision, in contrast to
the three alternatives, where there is no suital#a at all. The results further reveal one clésssc
difference for the BaU Vision; 97 % of the arealiassified as non suitable and 3 % as conditional
suitable. This explains the dominance of socio-eata criteria in the vision in combination with the
very restricted area of influence where socio-eoauinactivities take place. The conditional suitable
area is reflecting uranium deposit sites, riverbiedgour operators and parts of the Dune Belt that
assigned to movie production. The visions also stt@at with increasing weight on socio-economic
factors, areas suitable for ORD activities decréablience, increasing area suitable for ORD implies
an increase in importance of environmental factors.

Except for the BaU Vision, all visions show a cdiudial ORD suitability for the Swakop, Omaruru
and Ugab River, area located east of Swakopmund/éalglis Bay and area with variations in size
and locations along the coast and in the nortreeastection of the study area. The lower Kuiseb was
classified as suitable in the Ecology Vision andtfee Equal, BaU and MEF as conditional suitable.
The conditional suitable areas for ORD correlatsdme extend with tourist and economic interest
that are taking place in the riverbeds and the [Rele
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3.3. Off-road driving suitability map for Biologica | Diversity Convention
Vision

Legend
[ 1 Non suitable
[_1 Conditional suitable
[ 1 Suitable
— Rivers
Roads

Towns

Figure 29: BDC Vision

Table 13 Area in ha and % suitable for off-road drivingdusa BDC Vision

. - Area
Suitability — %
Non suitable 2025025 67
Conditional suitable| 998350 33
Suitable 11250 0

The BDC Vision is as well resulting in no suitalaleea for ORD. The resultant non and conditional
suitable ORD areas are comparable to the EquabVigith 68 % of and 32 % of respectively. The
major difference between all alternatives is th&rdiution of non suitable and conditional suitable
area. The differences can be assigned to variatmoweights for the individual groups.
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3.3.1. The Biological Diversity Convention Visions  howing socio-economic
and tourist activities

The maps in Figure 30.1 and 30.2 show the BDC Misiad activities inducing ORD

30.1.0RD suitability for BDC Vision and activities30.2.BDC Vision including road network

Legend for ORD suitability under a BDC Vision and ativities inducing ORD

] Non suitable Event site Area of interest

[ ] Conditional suitable Sand boarding site Fishing

[ ] Suitable Sand mining site — Riverbed for leisure
Roads Uranium deposit — Yamaha quad bike route
Towns Living Desert route

—  Tour operation route

B Movie productio




SPATIAL PLANNING FOR OFF-ROAD DRIVING AREAS — PROS AND CONS OF ENVIRONMENTAL REGULATIONS

Table 14 shows the crossing of activities and ORifability under a BDC Vision (Appendix 10).

Table 14 Cross Table of activities on ORD suitability unéeBDC Vision

ORD suitability
Activity non suitable con(;lltlonal suitable
suitable
Areas of interest X
Event sites X X
Fishing sites X X X
Living Desert route X X
Movie production X
Riverbeds leisure X X X
Sand boarding X
Sand mining X
Tour route X X X
Uranium deposits X X
Yamaha route X

The BDC Vision tries to capture the environmengisstivity of the area through assigning the major
weight on the ecological and landscape factorsiwitie SMCE. Conditional suitability is suggested
for the Dune Belt, parts of the riverbeds and tbghmeastern section of the study area. Suitatda ar
is located along the lower Kuiseb River bed. FigBfereveals that fishing sites, tourist’s interest
areas and tributaries of the Swakop Rivers arelaoge extent located in areas non suitable for ORD
It also shows that commercial and recreational chike route, eco-tour routes, sand boarding sites,
event sites and movie production are located wittonditional suitable areas in the Dune Belt.
Uranium deposits are distributed in non and cood#li suitable areas, while sand mining sites were
located in the riverbeds classified as conditicnédable.

Figure 30.1 reveals that ORD is of less conceithénDune Belt than along the coast due to the direc
distance to gravel plains and lichen fields anthenMessum Crater area that has a high landscape an
ecology value. Figure 30.2 show further that theggredominately no road connection between major
socio-economic and tourist activity sites and tRistang road network, suggesting that ORD is used
as a means of accessing the desired area of wctiviurther shows a narrow road network in the
eastern section of the study area that is relatedranium deposits where mining is carried out.
Hence, if successful prospecting of natural resmudeposits occurred, following mining was
expected. This causes the establishment of roadiba@meby defragmentation of the landscape and a
decrease in environmental values.
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4. Discussion

Areas of investigation were the Dune Belt, the does the Swakop and Khan River and the Khan
area. The results indicated that particular thesttio@ shows susceptibility to ORD effects duehe t
high sensitivity of the area. However, Nature Covsgon NGO’s emphasizing the importance of the
Dune Belt in ecological and landscape terms, heceloflicting with community interests that regard
the area as a centre of recreational activity. 8asestakeholder interviews is can be inferred that
activity itself more than the actual environmerdahsitivity is basis for controversy. However, the
sensitivity and the spatial dimension (Detgal, 2009) of the activity have to be brought in focas
those factors are determine the extent of environahehange induced through ORD.

4.1. Current impacts of off-road driving

The research showed that approximately 16 % ofsthdy area has low, 34 % moderate and 50 %
high environmental sensitivity. Socio-economic aodrist ORD activities were taking place in
restricted and partly clustered locations. The sirgs of activities and sensitivity confirmed that
negative environmental effects are caused by #éesvihrough the use of ORV. Beside areas of
interest, movie production and sand boarding natstigated activities were taking place in a lowl a
all activities in moderate sensitive environmenmt.alddition, tourist areas of interest, event sites,
fishing sites, riverbeds for leisure activities anthnium deposits are located in areas of high
sensitivity. Table 15 therefore supported Claimnd 2.

Claim 1: A number of socio-economic activities inducing @DRead to negative effects on the
environment.

Claim 2: A number of tourist activities inducing ORD letmdnegative effects on the environment.

Table 15 Cross Table of activities on sensitivity

Activity Sensitivity '
low moderate high

Areas of interest X X

Event sites X X X

Fishing sites X X X

Living Desert route X

Movie production X

Riverbeds leisure X X X

Sand boarding X

Sand mining X

Tour route X X

Uranium deposits X X X

Yamaha route X X




SPATIAL PLANNING FOR OFF-ROAD DRIVING AREAS — PROS AND CONS OF ENVIRONMENTAL REGULATIONS

As the crossing does not take the spatial scakbefactivity in account, the environmental effects
have to be evaluated by comparing the spatial dsinarof activities and the estimated sensitivity of
the area shown in Figure 31 and 32.

Legend

1 Low

] Moderate

1 High
Area of interest
Event site
Fishing

Sand boarding site
Sand mining site
Uranium deposit
Living Desert route
— Tour operation route
— Yamaha quad bike route
— Riverbed for leisure

[ | Movie production site

Figure 31 Area of activity Figure 32 Area of environmental sensitivity and activities

This causes limitations of the impact assessmenteklier those could be avoided through a further,
more detailed analysis that is recommended foréutuork and was not undertaken in the study due
to time constraints. Therefore, the comparisonhef two maps through visual interpretation only
delivered a preliminary result. Areas of interesd fishing sites were used to show that the sertyiti
itself does not necessarily indicate the ORD impaxct has to be seen in combination with the spatial
dimensions of the activity. Areas of interest closéessum Crater are located within high sensitive
areas; however the distance to towns is furtheryatlhan fishing sites that are located between
Swakopmund and Henties Bay, where the area likeshisg/s high sensitivity. The spatial dimension
of the activity and the distance to town are imaottfactors that result in differences of ORD efffec
on a location.
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4.2. Spatial planning under stakeholder visions

Avoidance and mitigation of negative ORD impactsspgtial planning can be achieved through the
shift of socio-economic and tourist activities framon to conditional suitable or suitable areas.
However, the results (Figure 25 to 28) showed #naa suitable for ORD did not exceed 1 % in all
four Visions and that the Ecology Vision with thiglnest value of 42 % of conditional suitabilityillst
showed 57 % of area non suitable for ORD. Therefatkin those alternatives, there is little scope
left to shift activities to more suitable areasstéad the figures indicated the dominance of
environmental factors and that ORD suitability lthem economic and tourist activities is much
defined. These results were significant as durirggdlassification process the upper boundaries for
the non and conditional suitability classes weteveey low, such as 0.25 for non suitable and 0r5 f
conditional suitable area (Table 8).

Even so, the results were revealing meaningfulrmédion for spatial planning. Conditional ORD
suitability was suggested for most of the riverbadd the Dune Belt in the Equal, MEF and Ecology
Vision and likewise ORD suitability for the loweruiseb area. However it raises also the following
questions; how to justify and approve activitieduaing ORD in areas conditional or non suitable for
ORD? How can socio-economic and tourist activitoes carried out in areas conditional or non
suitable for ORD? Which value has such decisiomoapper se, if no precise suggestions are made
how to target socio-economic and environmentalasngbility in those areas, if activities are cadrie
out?

Instead of trying to solve the problem with SMCEe tmodel could be misused by manipulating the
results, such as changing the ranks of the intgmesips according to their requirement, or through
changing the upper boundaries during the classibica Modified areas of the different ORD
suitability classes were resultant; non suitablelddbe reclassified in conditional suitable and
conditional suitable in suitable areas and vicesaeMithout justification, such as measures or
regulations that would support a change in suitgbilass, the method supports a laissez-faire
attitude that leads to a decrease in landscapeseoidgy values. However, what is required is an
approach that takes into account the actual enwviestial sensitivity of that region. A spatial plamgyi
approach using environmental regulations is sugges$ appropriate in areas that are of moderate to
high sensitivity.
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4.3. Spatial planning using environmental regulatio ns

The BDC Vision tries to follow thé&cosystem approach COP 9 Decision IX&&cretariat of the
Convention on Biological Diversity, 2000) of tteternational Convention of Biological Diversijty
joining social, economic, cultural and environméntalues. Core of the BDC Vision are strict
environmental regulation for ORD and their enforeetnin order to achieve social economic, cultural
and environmental sustainability. As a major cerfte economic development in Namibia, the
Erongo District is reliant on economic activitiesthe area. Given the high weight on environmental
parameters in this vision, a link between the valappears paradox. However, socio-economic and
tourist activities may well be integrated underfifrient of defined requirements. The following
paragraphs suggest a strategy for future activitighose areas in order to avoid and mitigate long
term environmental changes due to ORD. Areas ¢iedsas non suitable or conditional suitable may
be upgraded to conditional suitable or respectigelyable areas, if regulations are determined and
implemented. The discussion focuses on some aesiwtithin the coastal area, the Dune Belt and the
Khan area, previously described (Figure 19) in geofnsensitivity and activity.

4.3.1. The coastal area

Figure 19 and Table 11 show that high environmesgakitivity and fishing sites are overlapping at
the coast between Swakopmund and Henties Baytiresuh area conditional or non suitable for
ORD. Through the provision of the measures sugdest€hapter 4.3.1, the area can be upgraded to
suitable respectively conditional suitable ORD arks the coastline is already highly effected by
ORD (Figure 21) and public beach access is esseméa ORD rules were given out on a trail basis
from December 2008 (Ministry of Environment and fison, 2008), that open the area west to the
main road for ORV’s without permit.

This official opening for ORD is expected to enharthe impact on the area due to an increase in
tourist numbers, from countries where beach ORfBs&icted, such as South Africa. However, under
a BDC Vision this area is regarded as importanbuffering ORD activities to lichen fields and
Damara Tern breeding areas that are located edbeahain road. Figure 33 shows the new ORD
rules and indicates the areas that are suggestedueisl if nature conservation of those areas is
targeted. Although lichen fields are partly fenecéf] such fencing cannot be regarded as stand alone
provision, instead has to be incorporated in anralvgackage of measures. If ORD would be
regulated and confined in a strict way, implyingoah strong enforcement of regulations, the area
could recover over time, hereby increasing bothrenmental and socio-economic values of the area.

An exclusion of quad bike and limited 4x4 vehickewlong the coast through defined beach access
points and adjusted driving zones creates a vetyicted area of ORD influence and allows a natural
restoration of the area through weathering procse®geregulating instead of banning ORD along the
coast, public acceptance can be gained over tinsmcio-economic and environmental benefits are
explained in depth. As the area between SwakopnaumadWalvis Bay is the richest shoreline in
terms of shorebird density in Southern Africa (Siomset al, 1999), in addition gives habitat to the
densesSternabalaenarumbreeding colonies, it is considered as non swgtétnl ORD (Figure 29).
Under a BDC Vision a general closure for ORV sugggbsThis stays as well in contrast to the current
rules (Figure 33) that open parts of the area drvehicles.
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N

Legend
— Areas of high ORD activity and high environmenthsitivity
Areas open to 4x4 vehicles without permit

Figure 33 New rules for off-road driving, applicable onralt basis from Decembe2008 (page 2)

4.3.1.1. Access points for fishing

In order to restore the area to its previous staté,vehicle use has to be regulated. Prerequssttes
establishment of adequate beach access pointsxfovehicles in areas of high fishing site density
and within 75 km distance to the major towns. Tdrisa of influence was defined by respondents and
consistent through the interviews. Those factoes again pointing on the importance of the area
between Swakopmund and Henties Bay for fishing esateational beach activities. Based on
observations insufficient access points are estiaddi, some of those in addition poorly notifiedekv
with good intentions, ORV users have difficulti@sdain access at important fishing sites without
creating new tracks, as no proper access is defined

4.3.1.2. Fishing

If access to the beach is confined to access raadslikewise important to define an area of ORV
use along the beach. Except for Townlands (Seer€ig8), 4x4 vehicles are under new regulations
allowed to access the beach between Swakopmundhandgab River mouth nearly continuously.
This stays in strong contrast to the BDC Visiont tivauld also regulate 4x4 vehicle uses along the
beach. The interviews reveal that ORV'’s are usesktoch for the best fishing spot of the day within
a distance of about 1000 meters to each site dbelaeh. Assuming 10 to 15 access points within 75
km distance, established at the most attractivengssites would result in 20 to 30 km of beachrope
to ORD. This in turn would reduce the area of ORfluence around 60 to 75 %.
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4.3.1.3. Quad Biking

Quad bike use between Swakopmund and Henties Baggmrded as problematic and not as a
sustainable activity, as their tracks may lastdecades or even longer on the bordering gravehplai
(See Chapter 3.1.3.1). Even more significant isdéstruction of lichen crust (Figure 22) as it is
habitat for endemic reptiles and scorpions and takg up to 500 years to recover after ORD impact
(Lalley and Viles, 2008). Based on community intewys, quad biking is considered of lowest
importance in comparison with fishing and beachreation and only of high importance during
holiday peak season, when international tourisssirg the Namibian border to enjoy ORD with
limited regulations. Whether those short periodd anminority of prosperous tourists justify the
opening of those sensitive areas for ORD and heditmctly affecting the Districts social and
environmental sustainability can be argued. In i@stf a general closure for quad biking would long-
term increase the environmental and aesthetic waflube area that is of considerable relevance for
community recreation. This can be inferred by 63of4espondent stating that ORD reduces the
quality of life through the negative impact on wwenic beauty of the area. The establishment of a
guad bike fun park close to a popular fishing aadreational site might compensate quad bike
enthusiasts for this radical measure.

43.1.4. Enforcement of regulations

Enforcement of regulations has to be efficientanrts of purpose, cost and labour. Community and
expert interviews reveal that through the estabiisfit of an honorary warden system, environmental
awareness raising and law enforcement can be cewhbin addition, the integration of honorary
wardens bridges a gap between the public and buglorities, hereby mediating potential conflicts
between the different stakeholders. Further, iteisommended that during holiday peak seasons
additional enforcement takes place through respimsiuthorities. If few examples are made in case
of regulation disregard, it is expected to trareslata long-term adaptation of tourists that bytthee

did not consider environmental responsible behanasiself evident.

4.3.2. The Dune Belt

The results in Figure 29 reveal that the Dune Bedt is under a BDC Vision conditionally suitable
for ORD. However, Chapter 3.1.3.2 indicates thatéhvironmental sensitivity of the area is low to
moderate. Due to the socio-economic and tourisvigcimportance of this area an opening of the
inner Dune Belt for controlled quad biking and aograding into a suitable ORD area can be
justified.

432.1. Quad biking

An open zone would be bounded by an area reseprehdvie production in the east and a closed
area that prevents uncontrolled access form the no&id in the west. Those areas were defined by
stakeholders and are in agreement with the resfithe study. However, what is required are
confined access point that manage ORV access tbuhe Belt and likewise act as control points for
ORYV users. This control would focus on the prewvantof individual ORD misbehaviour through
awareness raising and possible inspection thaewtyrdrives arguments between bike community,
environmentalists and authorities.
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4.3.2.2. Commercial tour operations and events

Table 11 showed that Living Desert Tours, commérgiead bike and sand boarding operators, as
well event operations are carried out their agésitin low to moderate sensitive areas, where the
spatial and temporal scale of the activity is coedi. However, as suitability classes were alsodase
on socio-economic criteria, these areas were fikedsinder a BDC Vision in all three suitability
classes as non suitable, conditional suitable aitdlde. Given the economic importance and the low
impact of commercial tour and event operationssipted activities are suggested to cause no long
term change of the Dune Belts environment, bueatencourage economic growth through tourism.
However as the area is limited, attention has tajibven on the number of issued tour operation
licences, in order to prevent the exceeding ofiteas carrying capacity.

4.3.3. The Khan area

4.3.3.1. Prospecting of natural resource deposits

Uranium deposits are found within moderate and bigsitive areas (Table 11). Table 14 reveals that
these areas are classified as non suitable andtiomad suitable for ORD. Later restoration of ORD
sites comprised amongst others professional raadimtisturbed areas and is used as an argument to
carry out the activity in moderate or high sensitaones. However, racking may even exacerbate the
situation, as during this process still intact aoef is disturbed as side effect. Questions have bee
raised as to what extent restoration measuredfaaiee at all. Due to their observed limitatiofsee
Chapter 3.1.4.) and the environmental effects ahbgeORV during prospecting, a general exclusion
of prospecting low value commodities in high seémeitireas is suggested as essential, when targeting
environmental sustainability of those sites. Higliue commodities, such as uranium deposits will
increase their socio-economic importance in thartuand therefore negative environmental impacts
through ORV cannot be avoided. However, long tempact may be mitigated through considering
access routes to prospecting sites based on tg@ogrnd related weathering rates (Figure 13).
Further research focusing on this aspect is recardat For prospecting in highly sensitive areas, a
BDC contribution might be established that assistimplementation of nature conservation measures
along the coast and a public environmental awagerising programme. The decision whether an
area can be upgraded into a conditional suitableswitable area would be dependent on the
Environmental Impact Assessment’s (EIA) outcome fhacarried out for prospecting and mining
activities.

Using environmental regulations for the coast amdpiospecting activities in the wider Khan area
(see Chapter 4.3.1. and 4.3.3.) lead to avoidandeanratigation of ORV effects on the environment
and hence support claim 3.

Claim 3: Restricting ORD areas using strict environmemrtdulations lead to avoidance and
mitigation of negative effects on the environment.
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4.4.

Comparison of spatial planning approaches

Table 16 Short and long term comparison between spatsdrphg approaches

B — .

_ >

Benefits

Cost

Constant

Importance
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Table 17: Comparison of sustainability between spatial plagmpproaches
Spatial planninwithout Spatial planninwith
Importance Criteria environmental requlatio | environmental regulatio

short-term | longterm | short-term | longterm

social

Sustainability economic

cultural

Wy

environmental

Table 16 and 17 compared the estimated short amgl tktrm effects of spatial planning with and
without environmental regulations. Table 16 showiledt spatial planning without regulations is
expected to result only in socio-economic benetifsen considering a short term period. In contrast,
including environmental regulations is expecteddsult in overall socio-economic cost. Over the
short term period, both approaches were not suggeshy changes in environmental conditions and
therefore were kept constant. This trend changeshvithcusing a long term period. Public acceptance
was suggested for both approaches as humans afg tikadapt new established regulations over
time. However, the major difference was the changendscape and ecology factors. Those would
recover or kept in balance long term and hence a@vouprove environmental conditions for future
generations. Therefore such a planning approachdwimialso beneficial for social and economic, as
well cultural aspects. Cultural aspects are pdeicuimportant for the Messum Crater area, as it is
regarded as site of ecological, landscape and eobbgical importance. Consequently, Table 16 and
17 support the claims 4 and 5:

Claim 4: Spatial planning for ORD areas without environtaéregulations leads long term to social,
economic, cultural and environmental unsustaindbieelopment.

Claim 5: Spatial planning for ORD areas with strict enam@ental regulations leads long term to
social, economic, cultural and environmental sustiale development.

From a decision-makers perspective, a short tesiorviwithout environmental regulations is obvious
as there are no costs (socio-economic, politicakmvironmental) involved. Overall presentable
benefits to the public, increases the chances tihgere-elected for an additional legislative pelri
Instead, major socio-economic costs (Table 16)a#mms politicians re-election chances significantly
as the public and the industry are directly negdyiaffected, when activities are restricted thitoug
the implementation of environmental regulations.wideer, when social, economic, cultural and
environmental sustainability are considered, thereonly one long term beneficial planning
alternative; one that incorporates strict environtak regulations. Such a vision assists spatial
planning through a legal framework, where law ecéonent agents can take action against illegal
activities. Policy makers that recognize the imaoce of high short term costs, in order to acheeve
long term socio-economic and environmental suskdlityafor the region, act as mentors for global
nature conservation. By defining off-road drivingas taking into account socio-economic and tourist
activities, but likewise under environmental regiolas may serve as an example for spatial planning
for ORD areas in comparable environments.
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45, Limitations

Limitations of the study are associated to the deted and to the inevitable subjectivity when
investigating socio-economic and environmental ¢ediproblems. The former is related to the point
data used for towns, uranium deposits and sanchgamieas. Points do not reflect the spatial extent
of the actual area, however were used for the merpbthe study as no alternative data was availabl
In addition, the general vector data is regardedoasse and hence lead to limitations when focusing
on a specific parameter at a specific location. 3tele of the area has therefore always to be taken
into account. Further, no rate for natural restoradf plants and soil surfaces, e.g. weatheriotpfs

or lichen recovery time were included in the analyss now data layer for those factors were
available; however the aspect was incorporatedutirothe different weights given for the
environmental sensitivity of the criteria. A veclayer showing rates of natural rehabilitation af a
area would improve the results. The latter limdatis related to human perceptions and their views
and interests when specific questions are pose&listivalid for all stakeholders included in thadst

— experts, the public, NGO'’s, authorities and besses. Subjectivity is finally also incorporated
through the author’s judgements and hereby caubestation, as well.
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5. Conclusion

The research suggested a method that allowed astracDlevel, the evaluation of ORD activities and
resultant environmental effects. SMCE was usedherspatial analysis and considered as appropriate
and cost effective tool to assess ORD effects andentify areas suitable for ORD. The integration
of stakeholder’'s expertise and interest was esdefdr the models development and criteria
weighting. The results indicated that 84 % of thedg area has a moderate to high environmental
sensitivity, where part of the area overlapped wgiticio-economic and tourist ORD activities. The
concurrence of high sensitivity and high touristiaties along the coastline between Swakopmund
and Henties Bay was critical where ORD effects &hbe avoided or mitigated in future planning. In
contrast, activities and sensitivity within the BuBelt were indicated to be low to moderate, hereby
leading to a low to moderate environmental effébke incorporation of environmental regulations in
a spatial planning approach for ORD areas was rewrded for high sensitive zones, when the areas
long term goal is social, economic, cultural andimmmental sustainability.

In general terms, planning without environmentgutations was possible and adequate in areas of
low environmental sensitivity. However, increassensitivity seeks for a planning approach that with
assistance of environmental regulations confinesaref ORD activity, hereby channelizing their
effects. Consequently, negative ORD impacts camawmded in areas susceptible to ORD and
mitigated in areas where ORD activities are caroetl In addition, regulations challenge policy
makers to suggest alternative ways and areas vwguomie-economic and tourist activities can take
place, while economic and environmental drawbagkslimited. Instead, spatial planning without
regulations in environmentally sensitive areas Itesin detrimental effects, as areas have been
sacrified for ORV use as government does not demammgborate and public environmental
responsibility. In order to follow thimternational Convention of Biological Diversjtymitations and
commitments have to be accepted and implementethdiyiduals and enterprises. Over time, a
personal and corporate identity has to be developped translates into daily environmental
awareness. The short term costs for spatial plgnmsimg environmental regulations are high, but are
paid off over a longer term period.




SPATIAL PLANNING FOR OFF-ROAD DRIVING AREAS — PROS AND CONS OF ENVIRONMENTAL REGULATIONS

6.

Recommendation

Additional, adequate access points for 4x4 vehiottsieen Swakopmund and Henties Bay
Closure of uncontrolled 4x4 vehicle access to #wech

Confined areas for 4x4 vehicles close to fishingssi other beach areas closed for 4x4
vehicles

General closure of coastal areas for quad bikesdest Swakopmund and Henties Bay
General closure of coastal areas for all ORV betvi#alvis Bay and Swakopmund

General opening of Dune Belt for ORV use with coliéd access points

No changes regarding tour and event operationsmidbine Belt

Establishment of quad bike fun park between Swakommand Henties Bay at a most
popular fishing and recreation location

Establishment of honorary warden system

Strict enforcement of environmental regulations

No prospecting of low value commodities in envir@mtal high sensitive areas

Assign BDC contribution for prospecting in envirommial sensitive areas that assist the
implementation of nature conservation measuresgalbe coast and a public environmental
awareness rising programme

Long term research on the effectiveness of OR\ktrababilitation

Long term research on experimental ORV track siteas of Daneel (1992)

Inclusion of data layer in the analysis showingglewity aspect of ORD or natural recovery
rate for fauna and flora
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8. Appendices

Appendix 1: Flowchart of primary and secondary vector data
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Appendix 2: Questionnaire for public opinion on ORD

Questionnaire for off-road driving (English/German):

Location of Interview

Date Time Language Interview
ID
1. Age
1. Gender
Female Male

2. ORYV in household
Yes No

If yes, please specify number

3.  Frequency of going of a paved or gravel road

4.  Type of off-road vehicle ued
4x4 Quad bike Others

5.  Purpose for ORD
a) Employment
Tourism Mining Public Sector

Research Others
b) Time saving

c) Recreation
Fishing Adventure/Attraction

Wildlife observation Areas of specific interest

6. Other reasons to go off-road

No road network Beach access Others

7. Does off-road driving in the area affect your life?
Yes No
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10.

If yes, in what way?
a) Income generation through tourism
Accommodation ORYV rental Tourist operator

Tour guiding Others

b) Raise quality of life through
Recreational activities Adventure and remoteness

Accessibility of otherwise inaccessible areas Others

c¢) Lowers quality of life through

Noise Scenic impact in the area Others

Personal interest to participate in zoning activites for ORD areas

Yes No Do not know

Indicate on map the areas of interest to you

Suitable ORD areas ilack

Most frequently used ORD areasréd (please give reason)
Personal preferred areasdrange (please give reason)

No suitable ORD areas biue (please give reason)

Known ecological sensitive areasgreen
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Appendix 3; Stakeholders, their function and the data geadras a result of the interviews

Stakeholder Function Resultant new data

Ministry of Environment and

Tourism Decision Maker | Wetlands

Ministry of Land and Resettlement Decision Maker

Erongo Regional Council Decision Maker

Municipality of Swakopmund Decision Maker| Sand mi

Municipality of Walvis Bay Decision Maker

NACOMA Decision Maker | Damara Tern, fenced area, lsels
DRFN Expert Lichen distribution

NNF Expert Movie production, recreation communit
SAIEA Expert

Birdlife International Expert IBA

NEGT Expert

Gobabeb Research Centre Expert Literature

Tourbrief Expert

Desert Explorer Business Tour route

Outback Orange Business Tour route

Living Desert Tours Business Living Desert tour

Henties Bay Tourist Associate /

Cape Cross Lodge Business Fishing, Messum Craest points
Adventure Africa Business Event sites, event acaesest areas
Cymot Business

Africa Leisure Travel Business

Sport quad bike community Public Yamaha route

Sport quad bike community Public Yamaha route
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Appendix 4: The results obtained from the questionnaire amebined in Part 1 and 2.

Interview Community / Part 1

S -
> c
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2118.09.| 25 Swakopmund A G| 42m |y |lw| 4] O] O|n |n |n |dening
3[18.09.|] 10 SA SA E 50m |y |w 2l 0] O|ln |n |n |n
418.09.| 45 Swakopmund NAM G| 58m |y |w 1/ 0] O(n |n |n |n
5]18.09.| 45 Swakopmund NAM G| 54f |y |w 1] 0] O|ln |n |n |n
6]18.09.| 10 Swakopmund NAM | E| 1%f |n |w 0| 0| Oln |n |n |n
7118.09.| 15 Swakopmund NAM G| 53f |[n |I 1] 0| O]y |n |(n |n
8]18.09.| 10 Okahanja NAM E| 1%5m |y |r 4, 0| 2|y |n |y | Hunting Farm
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23|19.09.| 10 UK UK E [ 57[m |n [n 0O 0] O|n |n |n |n
2420.09.| 10 Windhoek UK E| 42m |y |r 1/ 0] Oly |n |n |n
25(20.09.| 10 Swakopmund NAM E| 54m |n |n 0 O] O|n |n |n |n
2620.09.| 10 Swakopmund NAM G| 46m |y |w 1/ 0] O(n |y |n |n
27(20.09.| 10 Walvis Bay Spain E| 3Bf |y |r 2| 0] O|ly |n |n |n
28(20.09.| 5 Swakopmund NAM E| 5fm |[n |n 0 0] O|ln |n |n |n
29|20.09.| 5 US USA E| 20m |[n || 1| 1| O|/n |n |n |n
30(20.09.| 10 Swakopmund NAM E| 45f |y [w/l| 2| 0] O|n |[n |n |n
31(20.09.| 35 Swakopmund NAM E| 61lm |[n |n 0 0] O|ln |n |n |n
32|21.09.| 15 Germany GER G| b54f n |n 1| 0] O|n |n |n |n
33]21.09.| 10 Windhoek ArmenigE | 30|m |n |s 0 0] O/ln |[n |n |n
34]21.09.| 15 Karibib NAM E [ 42m |n |n 0 0] O[n |n |n |n
35[21.09.| 10 Reoboth NAM E| 3m |n |n 0 0] O|n |n |n |y
36(21.09.| 5 Swakopmund NAM E| 8m |[n |n 0 O] O|n |n |y |n
37(21.09.| 10 Windhoek NAM E| 34dm |y || 1] 1] O(n |n |n |n
38(21.09.| 10 Swakopmund NAM E| 18m |n |s 0 1| O(n |n |n |n
39(21.09.| 10 Swakopmund NAM E| 24m |n |s 0 1| O(n |n |n |n
40| 21.09.| 10 Windhoek NAM E | 28f |y [wl| 1] O] Ofn |n |n |n
41|21.09.| 10 Swakopmund NAM E| 45m |y |[w/l| 1| 0] O|n |[n |n |n
42|21.09.| 10 Windhoek NAM E | 37f |n |{wl] 1] 1] O[n |n |n |n
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Appendix 5. Ground data collection point

Appendix 6: Example and source of attribute table for fishing
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Appendix 7: Example or participatory mapping approach for ReariTern breeding sites and
Yamaha route

Arial photo (NACOMA)
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Appendix 8: Criteria Tree for problem evaluation
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Appendix 9: Cross table (ILWIS) of activities and sensitivity

CROSS_SENSE FISH_YAMAHA SENSITIVITY
?2Fr*?*L ?2*r*? Low
?2*r*?*M ?2*r*? Moderate
| e e e A e e e i ™ frFRerxx*xx0*9 Low
frRx2*2xQ* XX HP XX H frxPxRxPIPEPAPEPAPHD Moderate
A S N A N N s RF@RFPFRXPFPEPXPHED High
frRxP*2*xxP*PxPr Pk PxHH frxxPrPxPrPXPrPHPXY High
2ruUdFR?FPEPFDPFPEY N 2Fud*F2*2RFPFPEY Low
?2*r*?*H ?2*r*? High
2rud*?2*2*X2xPFPx x| 2Fud*F2*2RFPFPEY Moderate
?2Fsm*2*2*PFP X HN 2FSm*R*2*2%9*7 Moderate
?rud*?*2xXF2XP XY 2rud*?2*2R*2*2*Q High
R N N N Al PFESERFFRPXPHPEPXD High
PFesFRFPXRPIPXYH XXM Pres*PRXPHPEPN (| * D Moderate
RFjQFRP2ERXRPEFPRYHPAP XD AN PFj@WERFPEFPEYPHPAPRD Moderate
?2Fsm*2*2 x| ¥ x|\ 2FsSm*?F2* 24| * 2 Moderate
PreSEFPXRPFPXPH DA ¥ HH PFes*EPREFIXPHP N * D High
PFLD*?2* I *2xL ?*LD*?*r*? Low
PFLD*tr* 2?2 L ?*LD*tr*?*? Low
2FLD*2*2* 2% ?*¥LD*?*?2%*? Low
?*LD*?2*r*?*M ?*LD*?*r*? Moderate
?2*LD*trxrl*yr*L P* LD *tr*rl*yr ow
2rur*rl*yrrL P *tr*rl*yr | ow

2l *yr*L 2 *rl *yr | ow
2ryr*L ?*yr Low
?2*yr*M ?*yr Moderate
2*LD*tr*?2*?2*M ?2*LD*tr*?*? Moderate
PFUF?F?NL PFUrrF*? Low
?*LD*?*?2*yr*M ?*LD*?*?2*yr Moderate
?*LD*?*?2*?2*M ?*LD*?*?2*? Moderate
2FUX?2*?2*M ?FU*X?2*? Moderate
2FUF?2*yr*M ?2FUX?2*yr Moderate
?2*sh*?2*tr*?2*yr*M ?*sh*?*tr*?*y Moderate
LD *?2* 2% yr¥L ?2*LD*?2*?2*yr Low
2*LD*tr*?2*yr*M ?*LD*tr*?*yr Moderate
PresERXPIPX DFPHPFPHL ?2*es*?R*PF|D*P*DP*? Low
PEMIPFRXPEPAXYAPAPAY AN N S N i i e s Moderate
?2*sh*?2*tr*?2*2*M ?*sh*2xtr*2*? Mderate
PFM*2FESFRFPXPHPAPXR Iy ¥\ 2MF2reSFR2XPXPFPXP Ry Moderate
?FUF?2ryr*L ?2FUF?2xyr Low
RIMERFPEPRPEPEY AP AP A yr ¥\ N N i N It Moderate
PFM*2FesFRFPXPHPEPAPHPNN P2FMP?*esFRFRXPHPFPAHD Moderate
R2ESMFRFP2ERFPEPH 2Fsm*2*2*2%* 7 Low
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Appendix 10: Cross table (ILWIS) of activities and BDC Visifor ORD suitability

CROSS_BDC FISH_YAMAHA BDC_AREA
?*r*?*CS ?2*r*? Con Suit
?2*r*?*S ?2*r*? Suit
frP*R XX DPHPHPX QXA G LI A e el Sl Sl Al il Suit
frP*R* %% %P * XX D% 9% CS fRXPHPHIXPXDPHPHIX DX D Con Suit
el S el i S e B Sl \ - W I R A Sl iy e Non suit
I A i S i i el el \ fR*PXPXPHPHDXDHPH XD Non suit
?Fud*?*2*2*¥2%2%2%CS PrudF?FRPF2X %D Con Suit
?*r*?*NS ?2rr*? Non suit
?rSmM*?*P*2*¥2%2%CS PrErsmr2EP PR Con Suit
Prud*?*2*2* 22 %2*NS Prud PRI EPED Non suit
PrESHRFRXPXDPHPFIXNDANS PFeSHRERPHPIIXDPXD Non suit
- S I A Al el | Il & O I il (Y4 Con Suit
P N N i I A A A A & - Y A i i A 4 Con Suit
?r*sSm*?*2* 2% *2*CS ?rsmr2*2* R *? Con Suit
PreS*HRFRXPXPHPH X D2XNS PreSERPXPEREI N XD Non suit
?*LD*?*r*?*CS ?*LD*?2*r*? Con Sit
?*LD*tr*?*?2*CS ?XLD*tr*?*? Con Sit
?*LD*?*?2*?2*CS ?*LD*?2*2*? Con Suit
?*LD*tr*rl*yr*CS ?2*LD *tr*rl*yr Con Suit
?*tr*rl*yr*CS ?2xtr*ol*yr Con Suit
?*rl*yr*CS ?*rl*yr Con Suit
?*yr*CS ?2*yr Con Suit
?*LD*tr*?*?2*NS ?*LD*tr*?*? Non sit
?*tr*?*?2*CS PEUr*2*? Con Suit
?*LD*?*?2*yr*CS ?*LD*?*2*yr Con Sit
?*LD*?*?2*?2*NS ?*LD*?2*2*? Non suit
?XuUr*?2*yr*CS 2rU*F?2*yr Con Suit
?FUr*?*?2*NS ?EUr*2*? Non suit
?FUr*?*2*S PEUr*2*? Suit
?*sh*?2*tr*?2*yr*CS ?rsh*2*r* 2 yr Con Suit
?*LD*tr*?*yr*CS ?HLD*tr*?*yr ConSuit
?*es*?*2*2*|D*¥?*2*2*CS Pres*FRFR2FIDHFR*2*? Con Suit
PEMFRFRXPXDPAPEIXDXPHPHCS PMFPXPEPEPHDXDHPHPHD Con Suit
?*sh*?*tr*?*2*CS ?*sh*?2xtr*?% Con Suit
?EFM*RFesFRXPXPRPFIX DXy *CS PM*2*X@s*¥P*P*2* QXD H P Hyr Con Suit
?XUr*?*yr*NS 2rEU*F?2*yr Non suit
? *yr* NS ?2*yr Non suit
PEMFRFRXPEPHPHDXDAPHyr* CS PMFPXPEREFIXPXDPAPH DXy Con Suit
?FM*PFesSFRXRXPHRPFIXDXDHCS Ph*2*es*P*PHPXPX PP D Con Suit
?rSMAPERFRXPXDEG PESMAP2ERFRRD Suit




