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environmental comparison of hydropower alternatives














ranking of the alternative schemes based on inventory data





Introduction





The aim of this study has been to compare the potential environmental and social impacts of the studied alternative hydropower schemes included in the Epupa Hydropower Project for subse�quent studies to a feasibility level. For the environmental studies this means the completion of a full environmental impact assessment (EIA). The requirements for the full EIA have been defined in the terms of reference and during the contract negotiations with the Client (PJTC). 





The methodology and plan of work for the environmental studies have furthermore been defined in greater depth in an inception report (with annexes) and in a methodology statement focusing on the methods and steps in the environmental and social impact assessment process, as well as on the criteria for scheme comparison. The methodology and workplan have been approved by the Client and the strategies have been discussed on public hearings.





It is, however, important to emphasise that the objective of this report is to present an environmental and social scheme comparison within the Epupa project area, and the conclusions given herein do not exclude any of the discussed alternatives from future hydropower development if or when defined by other studies in the future.





The environmental considerations have not only been assessed in local Angolan or Namibian perspectives, but also, as has been stated in the methodology chapter (Chapter 4), in a set of different perspectives such as local, provincial, regional, national and international.





The comparison of alternatives, according to agreed procedures, is based on the scientific expert opinions of several, mostly Southern African, specialists responsible for sectoral inventories and assess�ments. Each specialist has assessed the impacts related to key parameters and key habitats in relation to different phases and activities of a potential project development, i.e.  during the construction and operation phases respectively. 





As some of the sectoral specialists lack experience of hydropower development, there have been some difficulties in visualising the impact of future scenarios related to the hydropower alternatives. This has created some lack of consistency in impact evaluation and scoring especially with regard to the impacts caused by infrastructure, camps and transmission lines. Some of the field inventories have been carried out prior or parallel to the technical studies, which in a very late stage of the project formulation defined the dam types and related infrastructure. What has been known throughout the process is the position of the dam alternatives and the rough outline of the proposed reservoirs. It is therefore reasonable to assume that the components related to the loss of habitats, land, cultural sites, etc. in relation to inundation are the most reliable elements in the presented scheme comparison.





Notwithstanding some weaknesses in approach and method application, the presented results give a clear indication of the ranking of the three alternatives in a project formulation perspective.  This chapter sums up findings, provides recommendations and outlines vital perspectives for further work.





The continued environmental evaluation process,  to follow this project formulation, will include:





1) 	The ClientÕs selection of scheme for feasibility study (i.e. technical feasibility and full EIA).





2) 	Full EIA of the selected scheme. To be carried out parallel to a comparison of the recommended hydropower alternative with other sources of electric energy and energy import.





Impact on the Human Environment





A condensed conclusion for the project impacts on human environments presented is the following:





¥	Population: According to the field inventories about 700 persons live in the Epupa inundation area (A+C or B) versus about 100 persons in the Baynes area (E).





¥	Health: Water and vector borne diseases: Alternative A+C and Alternative B would imply a large surface area of the drawdown and favourable habitats for vectors whilst the E alternative will get rocky steep shorelines (in the gorge) and less favourable vector habitats. Socially related diseases, such as STCÕs and alcohol, are threats relating not least to the modernisation process in the construction phase, but do not significantly differ between the different alternatives.





¥	Natural resource use: Alternative A+C and Alternative B would flood key assets in todayÕs intricate and sustainable pasture management system. The loss of riparian resources will directly or indirectly influence about 2,000 persons, mostly seasonally, using the area. Alternative E is located in a different environment with less varied resources and has a lower population, hence only about 100 persons will be affected.





¥	Cultural/archaeological: All alternatives are currently officially rejected by the local popula�tion, albeit in less negative tones for Alternative E. Alternatives A+C and Alternative B will inundate around 160 graves which are fairly scattered (not concentrated into graveyards to the extent as in the hinter�lands). Alternative E will inundate around 10 graves.





¥	Eco-tourism: Alternative B ruins the Epupa Falls. Alternative B and Alternatives A+C would inundate a riparian forest that is considered a unique asset in a local perspective. No mitigating measures would compensate. Alternative E has little negative effects. The improved communications may,  however, open the area for other, recreational activities.

















Impact on the Physical Environment





As outlined in Chapters 2 and 5 the largest impact will be on the fluvial environment (i.e. on the  Cunene River itself, on the lower reaches of the large seasonal streams between Zebra and Epupa and on the Cunene riparian zone) by inundation and water di�version. The impact by inundation and water diversion on the other terrestrial land units (i.e.  steep hillslopes and colluvial footslopes) will be negligible in a scheme comparison perspective.





Table 2:2 clearly illustrates the loss of riparian resources from a fluvial geomorphological perspective, as an inundation at Epupa (A+C or B) will take away    80 % of the available riparian zone along the Lower Cunene (the continuous zone practically ceases to exist downstream of Epupa Falls) and as shown in Section 5.2 the diversity of the fluvial geomorphology is far higher in an Epupa (A+C or B) development compared to a Baynes (E) development if ex�pressed as riparian surface area per kilometre length of the river (30 ha/km versus 3 ha/km). 





The impact by infrastructure, etc. can at present be seen as more or less as similar between the various alternatives, mostly affecting the terrestrial land units and in that context mostly as a scenic impact rather than as an impact on the geomorphological processes. The only notable difference is the impact by roads on the fluvial land and terrestrial units if the combined A+C alternative is implemented, which will need two sets of separate access roads (from Angola and Namibia) that will encroach the mountain terrain and approach the river at four different alternative sites, as well as severely influence the remaining 5 km of the Cunene Riparian zone between dam site A and Epupa Falls.





Because of the duplication of dam sites, camps and roads the construction impacts on the physical environment will be higher by the combined A+C project compared to the other alternatives. If only the high impacts during the operational phase are compared the difference between A+C and B is scientifically insignificant and the relations will be 13:12:0 between an Epupa development (A+C, B) and a Baynes development (E).





Impact on the Living Environment





		Habitats of High Rarity or High Diversity





The  Cunene River and its riparian zone represent two key habitats of high rarity for the living environment in general. The Epupa Falls, in particular,  represent a most unique bio-physical habitat with a multitude of often inaccessible macro and micro habitats although its importance may not be reflected by scoring of its importance to mammals, birds etc.





The assessment of the occurrence of important habitats in various segments of the living environment is summarised in Table 8.1.  It is evident that Alt. E has received, almost consistently, a somewhat lower scoring; that is, the impact may be regarded as less when compared to the alternatives A + C and  B. These two alternatives show, by and large, an occurrence of habitats of high rarity  in the same order, with the exception of the segment Òfauna in generalÓ. Since Alt. B will flood the Epupa Falls, being a unique habitat as such, it should be regarded as the most severe one concerning impact on habitats of high rarity. 





To conclude: With reference to impact on habitats of high rarity Alternative E stands out as the least damaging.





Table 8.1. 	Habitats of high rarity. Summary of scoring in various segments of the living environment and in each of the hydropower alternatives*.





Environmental segments�
Hydropower alternative�
�
�
�
�
A + C�
B�
E�
�
Aquatic environment�
15�
16�
11�
�
Terrestrial veg. and flora�
12�
13�
11�
�
Fauna in general�
10�
4�
5�
�
Large mammals�
10�
10�
8�
�
Birdlife�
2�
2�
0�
�



*  N.B. The scoring in the different environmental segments does not show the number of high rarity habitats in relation to each other. The scoring is only compatible between the various hydropower alternatives in each environmental segment.





The occurrence of habitats of high diversity in various segments of the living environment is summarised in Table 8.2.  It is evident that the scoring is rather even, i.e. there is not much difference between the alternatives except for Alt. E showing a somewhat lower scoring.  Since Alt. B will flood the Epupa Falls, being a unique habitat as such with many micro habitats in the spray zone, it should be regarded as the most severe one concerning impact on habitats of high diversity. 





To conclude: With reference to impact on habitats of high diversity Alternative E stands out as the least damaging but almost equal to Alt. A + C. Alternative B will affect the largest number of high diversity habitats.





Table 8.2	Habitats of high diversity. Summary of scoring in various segments of the living  environment* and for each of the hydropower alternatives. 





Environmental segments:�
Hydropower alternatives�
�
�
�
�
A�
B�
E�
�
Aquatic environment�
2�
2�
2�
�
Terrestrial veg. & flora�
2�
2�
2�
�
Fauna in general�
3�
3�
1�
�
Large mammals�
2�
2�
2�
�
Birdlife**�
2�
2�
1�
�



*  N.B. The scoring in the different environmental segments does not show the number of high diversity habitats in relation to each other. The scoring is only compatible between the various hydropower alternatives in each environmental segment.


** Assessed from preliminary data





		Sensitivity to Change





Open water and riverine habitats will be severely influenced by the construction of the dams in that large new open water habitats will be created and sections of fast flowing water, ponds and backwaters will be lost.  Hydropower alternative E has the least influence on these habitats because the new reservoir will be relatively small and will be formed in a relatively tight valley 40 km West of Epupa.  Given the very large impoundments formed by Dams A + C and B all woodland and shrubland habitats upstream of Epupa are likely to impacted negatively.  Open Grassland and Shrubland, Mopane-Commiphora and Salvadora habitats are widespread within the  Cunene River valley, hence the impact of the dams on these habitats is likely to be moderate to low.  Critical habitats are the tall riparian woodlands and the Hyphaene palm habitats which are lim�ited in extent and a large proportion of these habitats will be lost should the dams at A + C and B be constructed.  Dam E has little influence on most woodland habitats because they are largely absent from the inundation area.





There are 5 species of birds of particular concern, particularly within a southern African sub-regional context. These are: Grey Kestrel, Rednecked Francolin, Olive Beeeater, Rufoustailed Palm Thrush and Cinderella Waxbill. The implementation of any of the hydropower alternatives is unlikely to critically affect any of these  species.





		Research  Interest





Research interest may concern the environment in its present state or after the implementation of one of the project alternatives. Generally speaking, a perennial western flowing river and its ri�parian fringe, flowing through an arid region at these latitudes and altitudes represent an envi�ronmental asset poorly represented anywhere else. The poor level of knowledge of species and ecosystems furthermore indicates a high research value of the  Cunene River valley. After a ten�tative implementation of any of the hydropower alternatives the functioning of the new aquatic ecosystem of the reservoir/s and the downstream effects of water regulation will attract consid�erable research attention.





		Barrier Effects





Two kinds of barrier effects may be recognised:





1)	a structural barrier (the dam structures) to upstream or downstream migration of aquatic organisms, e.g. fish, reptiles and mammals and 





2)	an open water barrier (the reservoir surface) to the lateral migration of terrestrial animals across the  Cunene River valley.





The barrier effects to upstream or downstream migration  are most significant for Alt. E in which the dam will create an new barrier 40 km downstream of the Epupa Falls. These falls already act as a barrier which means that the dams of the C and B alternatives will have a relative low impact on the upstream migration.  





The E alternative, however, having a narrow reservoir, creates a lesser impact on the lateral mi�gration when compared to the A+C and the B alternatives.





Concerning barrier effects the E alternative is considered the most severe followed by the B al�ternative. 





			Impact in various segments of the living environment





The scoring of impact, with reference to key project activities, on various segments of the living environment is summarised in Table 8.3.





It is striking that the impact consistently is similar in alternatives A + C and B and that the im�pact scores for alternative E consistently is lower. 





�
Table 8.3  	Summary of high impact scores* in various segments of the living environment in each of the hydropower alternatives.





Environment segments�
Hydropower Alternatives�
�
�
�
�
A+C�
B�
E�
�
Aquatic environment�
7�
9�
1�
�
Terrestrial vegetation�
25�
24�
20�
�
Fauna�
36�
34�
9�
�
Birdlife�
1�
1�
0�
�
High scores�
69�
68�
30�
�



* N.B. The scoring in the different environmental segments does not show the degree of impact in relation to each other. The scoring is only compatible between the various hydropower alternatives in each environmental segment.





			Wilderness Impact





In the modern African context, wilderness is perhaps generally best defined as areas with little or no artefacts of modern society such as roads, towns, hydroelectric schemes, modern mines, power lines, radio and telephone lines and suchlike. Wilderness status is then assessed relative to complete absence of such modern artefacts, while bearing in mind that indigenous people are and always have been "part of the system".





Kaokoland and southern Angola can be regarded as having relatively high wilderness values. The construction of a dam, and a large 'unnatural' water body, coupled with the infrastructure associated with the hydropower scheme therefore obviously has high negative impacts on the current wilderness value and Ôsense of place', whatever alternative is chosen.





From an wilderness point of view the impact is high regardless of alternative. Whether the impact on wilderness is greater in  the Alt. A+C,  B (Epupa area) or Alt. E (Baynes) is a value judgement based on whatever definition of wilderness is selected. 





Impacts in Expanded Perspectives





In an international and national perspective, Alternative B has a negative effect on eco-tourism as the waterfall is lost. The archaeological evidence around Epupa Falls is suggestive to the early civilisation history; details need to be further established. 





In the regional perspective Alternatives A+C and Alternative B also mean loss of a key natural resource which is integrated into regional CPRs. Furthermore, the loss of graves (with or without relocation of them) would threaten to create a cultural identity crisis. Health impacts from the project would be felt regionally in the form of increased socially related diseases. The regional benefits of the project concern marketing and service sectors.





In a provincial perspective the conclusions from that chapter are also that the Alternative E option is the most user-friendly; alternatives A + C and alternative B have systemic impacts on the entire pastoral production systems of the local population. These systems vary, depending on local availability of natural resources, also within the project area. What they have in common is a principle for managing water and grazing/browsing as common property resources through cultural institutions such as headmen authority over reserve grazing or kingroup identification of home areas as manifested in the importance of graves. The emerging pattern for resource use is semi-nomadic, centring on water (and pasture) access. In the cases of alternatives A + C and alternative B the node of this system, the river stretch above Epupa Falls, would be submerged. A project would have to establish new solutions to this, not just compensation for the economic value of assets lost, as specified further in Section 8.2. Alternative E does not imply such production system problems in the local perspective; a certain tract of relatively inaccessible land is lost to a local population. The indirect provincial effects outside the project area might be more felt, though, to the extent that communication lines are established through Marienfluss.





In the local perspective the social impacts have been accounted for above. Positive development would be increased market access (with a negative accord of a likely increased social stratifica�tion), improved social and health services. The increased number of job opportunities (construction phase and possibly some due to eco-tourism) will not benefit the community to�tally but also give rise to an influx of labour. Agricultural production might increase in the live�stock sector, if targeted mitigation measures are taken. More importantly, the entire structure of livestock production would change from a household security and subsistence oriented system towards a market orientation with higher turnover, younger regional herds, more privatised owner�ship (of livestock and possibly water points, not land).





Conclusion and Impact Profiles





		Environmental Impact Profile





This environmental profile deals only with the comparison of impact on the physical, living and human environments of three specified hydropower development alternatives. It does not specu�late in what may happen to the environment in case a specific hydropower development will not be implemented. However, man-induced impact will, in one way or the other, change the present environmental characteristics over time. Much of this change is dependent on politi�cal decisions to be taken in the future and is thus difficult or impossible to postulate. Future will not be as yesterday.





The most significant conclusions from the physical and living environment are :





Alternative A and B will flood considerable areas above the Epupa Falls. The main difference between the Alternative A+C and Alt. B is that the latter would mean a flooding of the Epupa Falls. Alt. E, located 40 km downstream the Epupa Falls, will not directly influence the Epupa Falls. 





Size of area. From purely a 'land take' point of view, Alt. E is the least damaging for the physical and living environments since it will flood an area of approx. 1/4 to 1/7 of that of the other alternatives.





The impacts on the physical environment  mostly relates to the impact by the project on the fluvial environment (i.e. the river itself, its associated fluvial geomorphological processes and related land-forms).





Satellite remote sensing and field observations reveal that there is a strong difference between the Epupa area (A+C and B alternatives) and the Baynes area (E alternative), as physical  riparian environments of high diversity only exist  upstream of the Epupa area and that about 80% of such environments between Ruacana and Foz do Cunene will be lost by  a hydropower development at Epupa. 





The relations between local catchment areas draining into the proposed Baynes and Epupa reservoir alternatives is about 1:16 respectively. As the Epupa reservoir will have a larger and flatter drawdown, the rainfall is slightly higher and the local catchments larger, the risk of coarse grained sedimentation  from local tributaries in the live storage is higher at Epupa compared to Baynes.





In addition to the process related land-forms the Epupa developments will affect the Epupa falls to a different degree, but they all reduce its values in a scientific perspective.





The diversity and variation of the aquatic environment relate much to the observed variations in fluvial environment. The proportions between high impact rankings between A+C, B and E are 7:9:1 whilst the frequency of high rarity scores is 15:16:11 if the various alternatives are compared.





With reference to impact on habitats of high rarity, Alternative E stands out as the least damaging. Alt. A + C and B are much more damaging and the latter is regarded as the worst since it will destroy the specific, spray zone, habitats of the Epupa Falls area.





With reference to impact on habitats of high diversity Alternative E stands out as the least damaging but almost equal to Alt. A + C. Alternative B will affect the largest number of high diversity habitats.





The lowest  biodiversity, e.g. number of plant and bird species, is shown by Alt. E,  due to the physical characteristics of the river valley of the E alternative. 





Concerning rare habitats for birdlife Alternative E has the least influence on open water and riverine habitats. The tall riparian woodlands and the Hyphaene palm areas are limited in extent and critical habitats for the avifauna.  A large proportion of these habitats will be lost should the dams at A+ C and B be constructed. Alternative E has little influence on most woodland habitats because they are largely absent from the inundation area. 





Concerning impact on birds Alternatives A + C and B have moderate to high potential impacts for the five key species since a  high proportion of critical species habitats will be lost, most noticeably the tall riparian woodlands, Hyphaene palm habitats and Salvadora thickets.  All these habitats are rare or absent in the Alt. E, which will cause the least impact on the bird fauna.





Concerning research interest the  Cunene River valley represents a rare object of high research interest in its present state, enlarged by the poor knowledge of existing species and ecosystems. Should any of the hydropower alternatives be implemented, the new aquatic ecosystem in the reservoir/s and the downstream effects of water regulation will attract considerable research attention.





Concerning barrier effects, Alternative E is considered the worst for upstream and downstream  migration of aquatic organisms but the least damaging for transverse migration, i.e. across the reservoir water surface.  





From an wilderness point of view the impact is high regardless of alternative. When compared the impact is not considered to be substantially different between the alternatives examined.





By summing up the many findings, impact scorings and interpretations made by the different specialists studying the physical and living environments, a consistent conclusion results:





The E alternative shows considerably  less impact, specifically and in total, when compared to the A + C and the B alternatives which by and large are equal to each other in the scoring. However, the B alternative is ranked as the most severe for the living environment since it will flood the Epupa Falls which contains many micro habitats of high rarity.





The most important conclusions regarding project impacts on human environments are in short:





Population: About 700 persons live in the Epupa inundation area (A+C or B) versus about 100 persons in the Baynes area.





Health: Alternative A+C and Alternative B would imply favourable habitats for vectors whilst the E Alternative provides less favourable vector habitats. Socially related diseases do not differ significantly between the different alternatives.





Natural resource use: Alternative A+C and Alternative B would directly or indirectly influence about 2,000 persons. For Alternative E  about 100 persons will be affected.





Cultural/archaeological: Alternatives A+C and Alternative B will inundate around 160 graves. Alternative E will inundate around 10 graves.  All alternatives are officially rejected locally.





Eco-tourism: Alternative B ruins the Epupa Falls. Alternative B and Alternatives A+C would inundate a unique riparian forest. Alternative E has few negative effects.





In an expanded perspective, analysing international, national, regional, provincial and local considerations, Alternative E consistently has less or equal adverse effects compared to Alternatives A+C and B.





In summing up the physical, living and human impact profiles presented in this section, the following conclusion can be drawn: 





The E alternative has a distinct profile of low impact compared to the high impact profile of the Epupa alternatives (A+C and B), taking into account all investigated parameters. In the total evaluation the slight difference between A+C and B is scientifically insignificant.


�
An outline of key mitigating need with regard to the different schemes





In recent years, improved measurement techniques have been employed to determine the effects of dam construction and the results obtained have generated a new awareness of the sensitivity of rivers to imposed stresses. However, our knowledge is as yet incomplete and, unavoidably proofs of casualty are insubstantial. Changes of a river downstream are an inevitable consequence of inundation, but science cannot precisely predict the consequences of human activity; the methods of the physical and biological sciences can only assess the probability that a particular impact will result. The management of impounded rivers requires the pragmatic application of scientific knowledge to cope with the complex, dynamic and evolving systems that are only partly understood. The knowledge provides a basis for value-judgements leading to a decision as to the desirability of a new or predicted state. It is the difficulty of resolving environmental changes into two particular types, namely, acceptable change and impacts, that is the root of many managerial problems.





In the search for a mitigation policy there are two main perspectives to consider, i.e. how to ensure ecosystem health and at the same time maintain economically productive activities. A mitigation policy must thus fulfil essential environmental and economic criteria to become acceptable.





This section addresses some of the potential mitigating measures that have to be taken if any of the different schemes are implemented. The reason is to illustrate to some extent how the various schemes in the Epupa project differ in that perspective.





Physical Environment





The mitigating measures related to the physical environment can be divided into two groups such as: 





¥	Mitigating measures to reduce the impacts on the project (i.e., to safeguard the investment) and;





¥	Mitigating measures to reduce the impacts by the project.





The first group relates to catchment or river basin planning (watershed management plan) with a focus on the use of land and water resources. In the current project the present and predicted upstream water use has been assessed and subsequent follow-up studies would not only be a basis for a monitoring programme, but also serve to safeguard the water resources for the project. Soil erosion and sediment transport will also influence the project and appropriate upstream conservation measures might be needed.





In this context we have to realise that the following factors will reduce the need for catchment planning of the whole Cunene basin and  concentrate the mitigation measures to the Òreservoir catchment areaÓ, which is defined as the area excluding the main river,  directly draining into the reservoir:





¥	the size of the Cunene basin (106Ê500 km2) and;


 


¥	the upstream morphology with a series of large natural sedimentation basins in Angola (downstream of the high rainfall and sediment production areas) and;





¥	the slow geomorphic process response to natural or man-made changes in relation to the basin size.





The most urgent need for a basin planning of the Òreservoir catchment areaÓ would develop if the A+C or B alternatives are implemented.





The second group refers to impact on downstream hydrology (hydrograph changes), fluvial processes such as erosion and deposition of sediments and finally to reduce negative impacts in the river mouth area.





Living Environment





General mitigation measures to be addressed when a specific project has been defined include e.g. the need for:





¥	Measures to minimise air and water pollution,





¥	Establishment of compensatory parks or reserved areas,





¥	Animal rescue and relocation,





¥	Clearance of woody vegetation from inundation zone prior to flooding (nutrient removal),





¥	Aquatic weed control measures,





¥	Regulation of water discharge to improve or counteract biological developments in the reservoir,


 	


¥	Provision for multi-level releases to avoid discharge of anoxic water,





¥	Regulation of dam releases to partially replicate natural flooding regime,





¥	Regulation of flow to minimise negative effects on downstream aquatic environment,





¥	Maintenance of at least minimum flow for fisheries and provision of fish ladders and other means of passage,





¥	Protection of spawning grounds.





The different siting and size and shape of the reservoirs of the main alternatives (Epupa A+C or B versus E) will, for instance, create different mitigating needs such as nutrient removal (clearance of woody vegetation) and provisions for multi-level releases of water. The larger size and higher diversity of the Epupa schemes indicate a larger emphasis on mitigating measures, which have to be defined during a feasibility study.





Mitigation Needs of Outlined Impacts on the Human Environment





The options of alternative A + C and alternative B can be discussed together, since they imply similar local and provincial consequences. As mentioned in Section 8.1.3 they would give rise to systemic disturbances to current production, and the mitigation needs must be treated accordingly. The regional and international implications are further elaborated in Section 8.3.


Alternative B has the exceptional consequence of flooding Epupa Falls. Although this might not be seen locally as highly significant, it means loosing a key asset for the tourist industry. Also, the falls are a focal point for the environmental debate and have as such taken on a sym�bolic value which is difficult to compensate for in national or international perspectives.





Alternative E naturally also involves loss of properties but these are located on the fringe of local production systems. 





Embarking on mitigation issues once the alternative selection has been made, a first step would be to i.a. cover the following:





¥	a study of the social economy and natural resource use affected by the reservoir (the feasibility study);





¥	a study of post-reservoir sociology;





¥	a comparison of advantages and disadvantages of the reservoir drawdown options;





¥	a study of possible pollution of the reservoir water;





¥	the possible existence of a town as a consequence of the project.





The mitigation measures would accordingly have to address such issues as:





¥	 traditions, customs, wishes and jobs of the local population to be resettled;





¥	compensation issues in the resettlement process, including identification of new areas;





¥	a calculation of the exact number of people effected at different high water levels;





¥	a forecast of the population size and structure, living environment, residential premises and public infrastructures in the area 10 and 20 years ahead;





¥	identification of the work force characteristics of the project;





¥	a calculation of compensation costs 10 and 20 years ahead.





Compensation and the formation of resettlement projects would be the major mitigation mea�sures. Alternative sites for resettlement have not yet been identified. A search for the best alter�natives would have to include also cultural and ethnic profiles in order to allow for an option for people to resettle with relatives. 





A resettlement strategy would begin with identifying Òempty areasÒ as close to the inundation area as possible for local communities. This measure would normally be supplemented with new urban-style resettlements, depending on the number of people affected. 


�
Prime attention needs to be given to:





¥	the role of the international (Angola/Namibia) situation;





¥	environmental criteria for optimum scheme design;





¥	the importance of proper implementation;





¥	the effects in the area of between high and low levels of the reservoir;





¥	the importance of a development project approach to compensation.





The last point needs to be specifically stressed for the alternative A + C and alternative B cases, which would have profound implications for the entire common pool management system in a fairly wide area surrounding the project. Naturally, lost property would have to be compensated; also where cus�tomary rights prevail parallel to state claims (in accordance with World Bank thinking). Without such considerations a project could not be labelled bankable. Once the alternative selection has been made, along with decisions on resettlement options, the feasibil�ity would look further into mitigation. At project formulation level the conclusion is that:





¥	Alternative B is a special case through the flooding of Epupa Falls, and thus has a strong political dimension for mitigation





¥	Alternative A + C and alternative B interfere severely with current cultural and production systems and need mitigation through production oriented development projects





¥	Alternative E has virtually no such negative implications.








The impacts of the hydropower alternatives in different perspectives





Geographical Perspectives





The approach to scheme comparison used in this study has made it possible, using a relative scale of high, moderate and low, to compare the alternatives in a local, Lower Cunene perspec�tive. Each environmental sector has been classified and can be internally compared between the three schemes. 





¥	As the scales are relative, with regard to subject and area, it is not possible to, for example, say that a high impact on a social issue equals a high impact on the living environment or vice verse.





¥	As the high impact scale refers to a comparison of a local situation, i.e. within the Epupa project area, a high impact at one dam site can be compared with a moderate impact at another without placing them on an international list of Òworst casesÓ.





¥	To partly overcome this problem each specialist has been requested to assess the values (i.e. rarity and diversity) in different perspectives (local, provincial, regional, national and international) and in relation to IUCN (ÒRed data listÓ) or other relevant national and international conservation aspects, when applicable. This aspect will be further elaborated during the feasibility EIA.





Evaluation of an impact is strongly related to the geographical perspective used, i.e. how far in a geographical sense should the impact be followed and evaluated. For obvious reasons most impacts are local, but what may be considered a significant local impact may in a national or regional perspective be seen as an insignificant or a manageable one. This also highlights the question of  social perspectives since most of the negative social impact from a hydropower project is local while the part of the positive effects is identified at provincial or national  levels.





Human Perspectives





In a regional perspective alternatives A + C, B and E would improve communication systems and so�cial infrastructure, both in Angola and in Namibia.  





In A�o and Tapscott (1995) report from the Angolan side, it is stated that a hydropower project constructed in the Namibe province would be situated in a semi-arid and mountainous re�gion that is sparsely popu�lated by semi-nomadic livestock herders (the Himba, Tjimba and oth�ers). While the population in the immediate vicinity of the  Cunene River is likely to be directly affected by the construction of a hydropower scheme, the impact of the project on the province as a whole is likely to be determined by the road access to the site. At present there are only tracks in the project area and vehicular access is difficult.





Should a good quality road be constructed to the dam site from the towns of Tombua and Namibe in the north, this could impact on the social economy of the province significantly. Improved road access will facilitate the development of the Iona National Park and could serve to open up southern Namibe province, including the desert region, to tourism. The existence of the dam could serve as an added tourist attraction in the long run. The ecology of the sub-region, however, is sensitive and the promotion of tourism would need to be regulated and well managed if is to be used sustainably. This scenario, moreover, would be contingent on the restoration of peace in Angola, the in�troduction of fiscal discipline and the development of a supportive infrastructure.





Improved road access is likely to open up the area further to traders, both selling goods and buying livestock. Increased access to commodity goods is likely to provide an incentive to local livestock farmers to sell more stock, and to sell them in Angola rather than in northern Namibia as is the case at present. Increased cattle sales could help to reduce pressure on existing grazing and could stimulate the provincial meat market. As in Namibia, however, the threat to the social cohesion of local communities (particularly through alcohol consumption) would be likely to accompany the opening up of the sub-region.





Improved access to the sub-region could also facilitate the provision of social services, health stations and schools by the provincial government. It might also facilitate further prospecting and the development of the mining sector. In view of the terrain along the  Cunene River, however, and the current farming practices of the local population, the prospects for irrigated agriculture seem limited.





The potential impacts of flooding and of precipitous change on the population living within the immediate precincts of the dam are addressed in the anthropological impact analysis. The extent of these impacts will be influenced by the siting of the construction town. If it is situated on the Namibe side of the  Cunene River, the likely impact on the local Angolan communities will be more far reaching. The emergence of informal settlements of work seekers, traders, liquor sellers etc., might be expected. This stated, however, if no formal road is built to the dam site from the north or east, the primary impact of the hydro-project on the social economy of the province as a whole is not likely to be extensive.





The same sub-study as quoted above (A�o and Tapscott, 1995) has for the Namibian case discussed how the construction of a hydro-dam in northern Cunene will have short and long term impacts at both micro and macro levels. These impacts, moreover, are likely to be interactive; effects at the local level are likely to have ramifications within the sub-region as a whole, and vice versa. The focus in this discussion is predominantly on impacts at the macro level.





Perhaps the most immediate impact of a hydro project on the social economy of the sub-region, will ensue from the construction of a high standard road to the  Cunene River. Improved road access will open up northern Cunene to increased vehicular traffic and to a range of external influences. The most direct impacts in this respect are likely to be linear, along the Opuwo/Okongwati/ Cunene River axis.





The construction of a tarred road from Opuwo to Onkongwati and thence northwards to the construction site, will take place early in the project cycle. To that extent, it should prove to be of assistance to both the NOLIDEP and the Meat Marketing programmes, facilitating greater buyer access to cattle farmers in the north. Improved road access should also improve the outreach of social services including primary health care, education and agricultural extension. Both the marketing of livestock and the delivery of social services, nevertheless, would be further improved by the simultaneous upgrading of the network of feeder roads in the sub-region. During the construction of the dam there is likely to be an increased demand for meat within the sub-region. This might act as an incentive to the rehabilitation and reopening of the abattoir in Opuwo.





Easier access to the region is likely to increase the number of tourists entering the re�gion. While an influx of visitors holds the potential for increased income from tourism, these benefits will not necessarily accrue to local communities or to the region, since most tours operations are run from Windhoek. An unregulated influx of tourists could also threaten both to damage the environment and to detract from the very attraction of the area: that of being an isolated wilderness. This would suggest the need for legisla�tion to formalise access to the area (whether through a conservancy or other measures), prior to the commencement of a new road. At the same time, should the Epupa Falls be flooded, this will undoubtedly destroy one of the major tourist attractions of the region. While the dam itself might attract some visitors, the mountains surrounding the project area are not particularly scenic, and in the short run at least, it is unlikely to be a major draw for tourists.





While Himba society is undergoing a continuous process of change, and modern practices are increasingly influencing traditional ones, the process, thus far, has not been precipitous. The sudden opening of the region, however, is likely to impact on the so�cial fabric of pastoralist communities in unanticipated ways. At present, the division of household labour and domestic lifestyles is structured to maintain the system of semi-nomadic pastoralism. Should the construction of a road and subsequently of a dam, al�ter or destroy this equilibrium, a break down in the social organisation of some Himba communities in the north could ensue; this might be the consequence of displacement, of the disintegration of household structures (through emigration), of a reduction in livestock numbers etc. In this eventuality, the growth of impoverished communities in the urban centres, and on the peripheries of Opuwo in particular, might be expected.


In this and other respects, the siting of the dam is likely to be of considerable significance. Should the dam be situated in the Epupa Falls area, it is likely to have consider�ably more impact on local communities than in the more remote and sparsely populated Baynes  Mountains.





The construction of the access road, of the base camp and of the dam itself will stimu�late a demand for labour in the sub-region. However, as much of the construction work will be capital intensive, the demand for unskilled and semi-skilled workers is likely to be limited. In view of the low skills base among the local population, this would imply an influx of skilled workers rather than recruitment from within the region. Some un�skilled employment, might however, be available at the base camp. 





Irrespective of the availability of employment, the growth of an informal settlement of work seekers (from both within and without the region) in the vicinity of the base camp might be anticipated. At the same time, while the population of the base camp is likely to reduce significantly with the completion of the construction phase, a small settlement of maintenance staff will remain. In this context, the development of a permanent town might be expected. Such was the case following the development of the Ruacana hydro-station, where both the towns of Oshifo (the labourers' base camp) and Ruacana con�tinue to exist.





The potential impacts of the hydro-project on health in the sub-region are addressed in a separate study. Nevertheless, the potential for the rapid spread of AIDS would seem significant and the long term impacts of the disease on the social economy of the sub-region will need to be considered and factored into the design of future health pro�grammes.





The construction of the dam and the presence of a labour force of several thousand is likely to create a significant demand for basic consumer goods. It is for this reason that business people in Opuwo and other urban centres in the north of the sub-region welcome the prospect of the dam, anticipating an upsurge in commercial activity. Indeed, a growth in retail trade in Opuwo, in particular, might be anticipated for the duration of the construction programme. This level of activity, however, is unlikely to be sustained once the dam has been completed. A reduction in through traffic and a decline in de�mand for provisions for the construction camp, could give rise to a "boom to bust" sce�nario for some traders.





The potential for improved access to water for domestic and agricultural purposes will exist in the vicinity of the dam. The extent to which this water source will be used, however, will be influenced by the siting of the dam. Should the dam be situated in the Baynes Mountains areas, it is likely to be of direct benefit to only a small number of households. 





The availability of a ready supply of electricity could enhance commercial activity and the delivery of social services in urban settlements provided they are connected to the national grid. Given the low levels of urbanisation and the dispersed settlement patterns in the sub-region, the electrification of towns is likely to be of benefit to only a small proportion of the population in the short run.





In the final analysis, both the primary and secondary impacts of a dam will be mediated by the extent to which the hydropower scheme is integrated into broader development pro�grammes within the sub-region. That is, if the potentially positive impacts are supported with additional development programmes, and if inevitably negative outcomes are simi�larly ameliorated. 
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