Chapter 4:


EVALUATION AND COMPARISON OF ALTERNATIVES











background information





In time for the project formulation report sufficient environmental and social infor�mation has been collected and analysed to compare the different site alternatives for hydropower development. In some cases the sectoral specialists have delivered interim reports as a basis for the Project Formulation Report:





Coastal impact, Physical Environment (Greenwood)


Infrastructure (Burmeister)


Aquatic ecology/Limnology (Svensson,)


Vegetation (Loutchanka and Jankowitz) 


Zoology, wildlife and wilderness impact (Grossman and Okeyo)


Avifauna (Hines)


Health impacts (Oosthuizen, et.al. and Agostinho Neto University)


Archaeology (Walker)


Eco-tourism (van Riet)





In other cases the project formulation is based on their completed studies submitted to NAMANG:





Sediment transport (Stršmquist and Rooseboom)


Water Quality (Hamman)


River Mouth Ecology (Environmentek and Marques)


Regional socio-economy (Tapscot and A�o)


Social Anthropology (Bollig)


Cultural Impacts (Jacobsohn)





At the time for the completion of the Project Formulation Report, the team surveying fish and fisheries (Steyn et.al.) are completing their first contracted period in the field. The assessment of fish and fisheries, presented in Chapter 6, is therefore based on the reporting from the specialist on aquatic ecology, who participated in the field work in the project area and on the evaluation made by the NAMANG senior ecologist.





The studies have been carried out by bi-national teams. Access to the field area has not always been granted during the optimum peri�ods of study and therefore some of the teams have completed their field work during different periods, hence  not being able to carry out an active integration and assessment of findings in the field. Joint field work periods have, however, been accomplished for some of the teams such as:





Ecological studies at Foz do Cunene (Angolan and CSIR teams, November 1995); 





Vegetation (Angolan and Namibian teams), geomorphology and part of the social studies (archaeology, socio-economy) at Epupa (January 1996);





Vegetation, wilderness impact, wildlife, zoology and eco-tourism at Epupa (May-June 1996).





Aquatic ecology/limnology and fisheries (June 1996)


This Comparative Environmental Assessment draws on data and evaluations presented in specialists’ reports.  The full EIA will append all reports as an integral part of its baseline component.





approach to comparative study





The approach and criteria for the evaluation and environmental comparison of the different hydropower alternatives has been proposed by the NAMANG Environmental Management team and has been discussed and approved by the client at a PJTC meeting in Windhoek, (April 1996). The approach and evaluation criteria have furthermore been discussed with and presented to the sectoral specialists at several occasions during the process (April, June and August 1996).





The environmental and social impacts will depend on the position, size and shape of the selected alternative, as well as on the suggested operation practices. The impacts of the selected alternative and scope for enhancement and mitigation will therefore be analysed in further depth during the fea�sibility EIA. The general approach to the environmental impact assessment has been discussed and agreed with the Client and the methodology has been further outlined in a methodology statement to the client (NAMANG 1996).





The comparison of alternatives presented in this report is based on a scientific eval�uation of the areas to be affected by inundation, infrastructure, construction, labour camps, water diversion from tunnelling etc.  Separate assessments are made for the construction  and operation phases respectively and the evaluation is not limited to an assessment of the direct impacts of the proposed project (loss of habitats, loss of natural resources, etc.) but include also an assessment of indirect impacts, such as barrier effects for wildlife and man, secondary impacts on geomorphological and ecological processes, etc. 





The assessment of the environmental impacts needs an integrated view, taking into account the functioning of the ecosystems and human resource use of the ecosystems affected. Each environmental specialist has made an inventory and evaluation of new and old base line data on the environment, using intradisciplinary methods. To obtain an integrated view, a close co-operation between the specialists was considered important in analysing and assessing the information. The exchange of results and ideas, which commenced already during the field studies, has been important for the integration and interpretation of findings and for the final site recommendation. 





A method of weighing the results of the sectoral studies must be applied in order to evaluate and compare the different dam alternatives. One method often chosen for structuring the problem and comparing sites, is to use a checklist or matrix, which in combination with a relative value scale is used to compare alternative sites within the same project area. 





For this comparative study a slightly different ap�proach has been used for the recommendation of alternative sites for hydropower development, described below.





As outlined in the terms of reference to the sectoral specialists, who have been responsible for the data collection in the field, a habitat approach has been used to structure the field inventories as well the subsequent environmental impact assessments.





This approach is based on the description and analysis of the major land-systems (key-habitats) of the alternative areas. The data character of some of the studies, especially the social surveys, does not, however, always permit a site comparison between neighbouring alternatives such as A, B and C, all located close to Epupa, but rather permits a comparison between the main alternative areas, i.e. Epupa and Baynes. The functioning and values of the dif�ferent habitats (both from natural and human perspectives) will, however, partly overcome this resolution problem in comparing neighbou�ring sites, as the compari�son of alternatives can be made on the basis of loss of habitat and habi�tat values. 





Five steps have been followed in the comparison of alternative hydropower sites (see 4.3.3 for details).  They are aimed at summing up high impact rankings to identify the environmentally least desirable scenarios.  The steps are:





Expert studies (field data collection, compilation of existing information, sci�entific evaluation) of the physical, living and human environments;


Habitat evaluation (variety and diversity);


Preliminary impact assessment of key parameters for each sectoral study and site during the construction phase and the operation phase respectively;


Impact ranking by summing up high scores for subject area (sectoral study) being assessed;


Final comparison of impact of the different hydropower alternatives.





The impact rankings, made by each sectoral specialist, are tabulated in the Appendices and summarised in Chapters 5, 6 and 7, where also further comments to the methodology are noted. The conclusions by the NAMANG Environmental Management Team are based on the findings of the sectoral specialists, but the integrated assessment expressed in Chapter 8 is that of the NAMANG Environmental Management Team only.





the impact ranking and comparison process





Considerable professional judgement has been exercised in crafting and applying a systematic analysis and ranking of the non-commensurable entities involved in this comparative environmental assessment.  Elements considered relevant for this effort are discussed in this section.





The different dam site locations are referred to as hydropower alternative A, B, C, and E. Since the dam C alternative would be built in case the site A would be developed, either simul�tane�ously with the site A alternative or in a second stage later, the two are treated as one unit in the assessment of impact.





Parameters for Site/Area Comparison





As relevant for each sectoral study or subject area assessed, the following parameters have been used in the alternative site/area evaluation process:





¥	Diversity


¥	Rarity


¥	Sensitivity to change


¥	Barrier effects


¥	Research interest


¥	Size of area


¥	Human population


¥	Attitudes to change


¥	Livestock population


¥	Land-use


¥	Tourism and recreation


¥	Health


¥	Cultural sites (archaeology, graves, etc.)





Some of the parameters are relevant for physical, living and human environments and others only refer to individual environmental concepts.





		Diversity





Diversity is a wide concept that can be applied to describe the physical and living environments. Diversity can, for instance, vary between different eco-system levels, but in most cases the term is used to illustrate an Òenvironmental mosaicÓ based on, for example, the number and kinds of species or on a rich variation in habitats and land-forms in a given area. Often, but not always, there is a relation between the dif�ferent ecological levels, as an area rich in species often depends on a rich landscape variation. From a species perspective the term relates to the total number of species, the relative abundance of species and species dominance.





		Rarity





The criterion rarity is in fact a measure of frequency and relates to items in nature that have a value because they are infrequent, rare. The faunistic and floristic values are often related to frequency. With regard to animal and plant species with a wide distribution we have to observe that they can be common in an area but rare towards its perimeter of distribution.





		Sensitivity





The criterion sensitivity to change is a complex criterion involving the assessment of resistance of natural systems, such as ecological, geomorphological or climatologi�cal. Research is constantly being undertaken to find out how processes interact to in�duce modification to different systems. Ecologists frequently use the term Òthe sus�ceptibility of a system to disturbanceÓ. In other words the term implies fragility. Sensitivity can be applied more widely, however, depending on the system to which it is being applied and its components. Landscape sensitivity can, for instance, be de�scribed in many ways but the key point is to understand the role of external factors, which are varied and can include both natural and human induced phenomena. The landscape sensitivity varies through space and time, from slow modification of the landscape to sudden catastrophic change.





		Barrier Effects





Barrier effects refers to impact resulting from the cutting off of natural corridors, migration routes, etc.





		Research Interest





The research interest relates both to current research activities and to the potential research where the geographical area is likely to become a key area in  future research.

















		Size of Area





Size of area and diversity are related. The criterion will be used to compare similar landscapes (habitats) of different size, in which the larger area can be assumed to better preserve its value in a time perspective.





		Human Population





The criterion human population relates to the number of persons using the area as a resource in different seasons and years.





		Attitudes to Change





Attitudes to change is a measure of reaction of the directly affected population to the various alternatives.





		Livestock Population





The criterion livestock population relates to the number of cattle using the area as a resource in different seasons and years.





		Land-use





Land-use refers to the seasonality and differences in natural resources (e.g. plant use, water use in the different localities in relation to the different alternatives).





		Tourism and Recreation





Tourism refers to the development potential and economic importance of the current eco-tourism along the Cunene River in a national, regional and international perspec�tive. An assessment shall then be made of how the suggested hydropower project development will influence the current and potential activities and how they can be retained and developed after a possible project implementation. For both assess�ments, a differentiation shall be made between local (Southern African) and overseas tourism and recreation potential. Attitudes among tourists and their preferences are es�sential components.





		Health





The health impacts relates to the present state of disease in the project area and an as�sessment of the future change related to the different dam alternatives e.g.: 1. HIV,        2. schistosomiasis, 3. malaria, 4. hepatitis.





		Cultural Sites





The cultural site investigation, i.e. occurrence and importance of artefacts, graves, etc., involves the Cunene River between the Baynes Mountains Dam site E and the up�stream limit of inundation at the Zebra Mountains. Where known at the time of the survey, access routes, drilling sites and proposed construction camp sites will be ex�amined in detail. 











Wilderness Impact





Separate assessments are made of potential wilderness changes resulting from alternative site developments to supplement the sectoral study evaluations.





Wilderness impact refers to project impact on wilderness values taking into account the above mentioned criteria and the following items:.





¥	remoteness from settlement (settled /cleared/ land or points of permanent occupation);





¥	remoteness from access (vehicle-constructed access routes); 





¥	naturalness (degree in which the landscape is free from presence of permanent structures of modern society); 





¥	biophysical naturalness (degree in which the landscape is free from biophysical disturbance due to influence from the modern technological society).





Value Scale and Evaluation Steps





In the evaluation a relative scale, i.e. low, moderate and high, is used for the ranking. In the weighting process the sum of high rankings will be used for differentiation, rather than as scoring. A step-wise approach is used starting with the intradisciplinary surveys as presented in the different topical studies, followed by a compilation of information described under steps 2-5, explained below. Characteristics of each step in the site evaluation are:





		Step 1. Inventory





The different, intradisciplinary studies, have collected baseline data according to the terms of reference. The information has been structured according to the project geography, i.e. upstream, reservoir catchment area, inundation area, dam site, infrastructure and downstream area. The latter is preferably divided between area between the dam and tailrace outlet (tunnel outlet) and downstream. A sectoral evaluation is made. The results are referred to the key habitats defined in the land systems study. See Table 1:3.





		Step 2. Habitat Evaluation





The key habitats (I-V), according to sketches (Fig 1:5-1:6) are evaluated in a rarity and diversity perspective based on the different sectoral studies in an local, provincial, national and international perspective according to table ÒHabitatsÓ.





		Step 3. Key Impacts





Key impacts on key parameters are assessed by each sectoral study for each hy�dropower alternative according to Table ÒKey ImpactsÓ according to sectoral find�ings. The assessment will focus on both impacts from construction activities and during the operation phase. The number of high rankings is given at the bottom of the table.


�
		Step 4.  Impact Rankings





To distinguish between significant differences in environmental impacts between alternatives, the sum of “high” rankings is used.  The value of presenting also “low” and “medium” rankings by sector specialists lies both in the transparency aspects of the exercise and in the possibility of refining the analysis if the applied impact rankings are not conclusive.





Step 5. Site Comparison





The sites have been compared by compiling the information from Table ÒKey impactsÓ into the two last tables Òimpact ranking during the construction phaseÓ andÓ impact ranking during the operation phase respectivelyÓ.





As the orthophoto maps and GPS positioning have been used as a background to all the mapping (vegetation, habitats etc.). An overlay technique can be applied to further enhance the evaluation from a spatial perspective.





The different steps are illustrated in Figure 4:1.
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		Fig. 4:1 	Elements and Steps in Comparative Environmental Assessment








�



4.1 BACKGROUND INFORMATION	1


4.2 APPROACH TO COMPARATIVE STUDY	2


4.3 THE IMPACT RANKING AND COMPARISON PROCESS	3


4.3.1 Parameters for Site/Area Comparison	3


4.3.2 Wilderness Impact	6


4.3.3 Value Scale and Evaluation Steps	6





	4 - � PAGE  \* MERGEFORMAT �9�





� FILENAME \p\* Lower \* MERGEFORMAT �l:\epupa\5368\reports\formulat\environm\ch-4.doc�		� SAVEDATE \@ "d MMMM yyyy" \* MERGEFORMAT �30 September 1996�











