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mBQPIOJECT DEVELOPIIERT àm2 POPULATIOII RESETTLBMEm 
Ili BRAZILIAB AIIAZÕNI.A 

One of the main problems of the current debate on 

development in Brazilian AmazSnia is the lack of hard fact as to 

what really is going on, and what may. therefore, be the results 

of current policies. or lack of policies. This is conspicuously 

true of the controversy over deforestation and its probable long- 

term impact, where estimates of the scale and rate of 

deforestation vary considerably. bedevilling still further an 

already heated controversy. It is also the case in the scarcely 

less f ierce debate over hydropr oject deve Io pnent, and popula tion 

resettlemen t. especially in the Rive r Araguaia-Tocantins bas in 

and along the main tributar ies of the Ri ver Amazonas. wh ich is 

the subject of this Paper. 

Current plans to harness hydropower potential in these areas 

are extremely ambitious. with ove r sixty sites identified for 

reservoirs. perhaps flooding as much as 100. ooo square 

kilometers. On the one hand, such schemes are praised as a far- 

sighted programme to release an energy potential of perhaps 

100,000 MW. with all that could imply for Brazil 's industrial 

growth and national development. On the other. there is the 

threat to the environment and to the people who already live in 

the Amazon region. not least the Indian nations. These already 
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have expressed real fears for their very survival, focusing 

international as well as Brazilian attention on the whole 

question of hydrodevelopment in Amazônia. 

This paper seeks to address this problem, looking not only 

at the specif ic is sues in Amazonian Brazil, but trying to set 

that debate within the broader context and experience of similar 

programmes elsewhere. especially in the Third World, where. too 

often. one country ha s singularly failed to learn from the 

experience of otbers. 

The dis cussion spr ings f rom the a·ecepti vely simple question: 

is it really worthwhile for a country like Brazil to invest in 

comprehensive hydroproject-related population resettlement in its 

Amazon reg ion? The answer may be found by considering specific 

aspects of the issue. Is Amazonian hydrodevelopment, for 

example. justa Brazilian fantasy. or is it consistent with long- 

term global hydrodevelopnent trends? Will planned hydroprojects 

only disrupt negligible numbers of people in the region? Are 

most people to be displaced likely to require only minimal 

resettlement assistance? If it should prove desirable for 

Brazil to invest in comprehensive resettlement. then how should 

this be done? Why should efforts be made to incorporate 

assisted resettlement within more comprehensive area development 

planning? What administrative framework may this require to 

become viable? Above all. how may assisted reset tlement. in 

this way. contribute to improving relocation performance in the 

region? 
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TABLE 1 

MAJOR SOUTHERN HYDROELECTRICITY-GENERATING RIVER BASINS OF BRAZILIAN AMAZONIA 
ACCORDING TO 1985 ESTIMATES OF TOTAL AND RURAL POPULATION DENSITIES, 

RESERVOIR AREA, AND POPULATION TO BE DISPLACED BY RESERVOIRS 

Projected Population Estimated Total Population Estimated in 1985 
Estimates Density per Km2 1985 Reservoir Area to be Displaced by Reservoirs 

b 
in Km2 c 

a (1) X (3) (2) X (3) Total Rural 
Ri ver (1) (2) (3) (4) (5) 
Basins 

Araguaia - 3.3863 1.9068 25 300 85 673 48 242 
Tocantins 

Xingu 0.3789 0.2436 21 000 7 957 5 116 

Tapajós 1.3935 0.6683 19 200 26 755 12 831 

Madeira 0.9834 0.4607 16 350 16 079 7 532 

Total 1.9047 1.0444 81 850 155 900 85 484 

Sources of Data: Instituto Brasileiro de Geografia e Historia. (IBGE), Anuário 
estatístico do Brasil 1986 (Rio de Janeiro: IBGE, 1986). p.59; 
IBGE, IX Recenseamento Geral do Brasil 2980. Censo Demográfico 
- Dados distritais (Rio de Janeiro): IBGE, 1982), Col.l. 
tomo 3, No. 1, 3-4, 22-23, tabela 1~ IBGE VIII Recenseamento 
Geral do Brasil - 1970. Censo Demográfico (Rio de Janeiro: 
IBGE,) , Vol.l, tomo 1, III-IV., XII-XIII, tabela 53; Wolfgang 
J. Junk and J.A.S. Nunes de Mello, "Impactos ecológicos das 
represas hidrelétricas na bacia amazônica brasileira/' in 
Homem e Natureza na Amazónia/Hombre y Naturaleza en la Amazonia, 
Ed. Gerd Kohlhepp and Achim Schrader (Tubingen: Geographisches 
Institut der Universitat Tubingen, 1987), p. 

a Total density ratio calculated on basis of total area and total projected 
population for 1985, of all municipalities traversed or bounded by the 
basin's major rivers and their more important tributaries. 

b Rural density ratio derived from the basin's totaldensity ratio, assuming 
that rural density represents a proportion of total density which, in 1985, 
was equal to that calculated from 1980 census figures. 

e Considering that the current potential of 98 680 MW for 15 river basins of 
Brazilian Amazonia holds a nearly one-to-one relationship with the corres 
ponding number of km2 of required reservoir area, each basin's total reservoir 
area was estimated to equal its current hydroelectric potential. This general 
ization should be more valid for whole basins than for individual schemes· 
UHE Tucuruí is expected to generate more than 3 MW/km2, whereas thisratid 
shall fall under 1 MW/km2 at UHE Santa Izabel, in the Araguaia-Tocantins. 



These, evidently. are key questions which must be addressed 

by everyone concerned with planning and development in Brazil's 

Amazon region. They must also. however, be placed in the wider 

context of population resettlement and hydroproject development 

elsewhere in the world. 

Population resettlement is, in fact, expected to continue to 

grow in the near future throughout the world, much as a result of 

water resource developnent (PEEM, 1986: 74) The Indira Sarovar 

complex on India's River Narmanda, for example, will require the 

reaccommodation of some ss,ooo people from 2S3 villages, and 

impoundment projected in the River Plate Basin, over 94,000 

people (Goodland. 1986: 28 Szekely. 1982: 240-1). Thailand' s 

Pa Mong Scheme is to displace some 400,000 individuais. with 

resettlement costs possibly absorbing 29 percent of the Scheme's 

budget (Lightfoot 1982: 97). China's proposed Three Gorges Dam 

Scheme may uproot some 1,4000.000 people: this is more than were 

dislocated ove r a period of twenty years at 18 major reservoirs 

in Africa and South Asia. (Goldsmith and Hildyard, 1984: 15 

Mougeot. 1986: 402). 

These prospecta should cause deep conce rn , in the light of 

appraisals of past hydroproject-related assisted resettlements. 

most of which have been carried out in developing countries over 

the last thirty years. These have usually been conceived as 

emergency me as ur es , supported by inadequate baseline surveys: 

they have. too frequently. been insufficiently sensitive to 

resettlees' stress. being ill-funded and administered, with 

little concern for the post-relocation fate of the affected 
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populations. Administrators have often failed to communicate 

effectively with relocated people and have not involved them in 

the planning and execution of resettlement. They have a Ls o 

failed to ensure adequate interaction of resettlement with other 

neighbouring developments. Contrary, too, to what could be 

expected from the abundance of experience, there has been a 

considerable lag in managers' willingness and/or ability to 

exploit the lessons of the past. (Brokensha and Scudder, 1968: 

Chambers, 1970: UNEP, 1978: Barrow, 1981: Interim Mekong 

Committee, 1982: Canter, 1985). 

Successful resettlement can , to some degree, be gauged by 

the extent to which the groups to be resettled, and others who 

may be affected, do not oppose resettlement plans or make their 

own unoff icial ar rangements. (Koen ig, 19 86 2 9 PEEM. 19 86: 

7 4 > • Counter-ini tiatives normally result from speci f ic causes 

and usually translate into specific spatial responses. The need 

a community perceives to transfer, orbe transferred from, A to B 

brings into view for its members a potentially wide range of 

alternative voluntary movements. By weakening adherence to, and 

interfering with. the assistance scheme, these counter-movements 

may eventually threaten the scheme's viability. 

The risk of such a situation arising seems to grow when one 

or more of the following conditions are present: (a) the 

community at A is only partially entitled to assisted transfer to 

B (b) Bis a pre-existing settlement: (e) the region where A 

and B are located is subject to intense migrations: (d) various 
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phases of the resettlement scheme suffer delays: (e) various 

transfers are required to attend simultaneously to the needs of 

several dis tinct com muni ties: and ( f) s uccessive resettlements 

are needed to accommodate the phased expansion of the original 

development or the implementation of others in its vicinity. 

Success. therefore. largely depenas on resettlement 

rnanagers' ability to anticipate and discourage the more likely 

counter-initiatives in each situation, by either forestalling. 

curbing or eliminating their causes. Otherwise, there may not 

only be markedly increased costs to both reset tlemen t off ici als 

and benef iciaries. but also resettlement may be prevented from 

achieving even minimum expected returns. (Mougeot. 1988: 21-2). 

There is a growing recognition that successful assisted 

resettlement requires a more comprehensive approach than has been 

the case until now. Hydroproject-related resettlement has been 

comprehensively defined as one which enhances the habitability of 

the area. improves the resettlees' living standards and 

contributes to sustainable local and national development. To 

be successful, comprehensive resettlement not only requires in 

programme provisions. such as agricultura! extension. mass media 

propagation of information, appliction of science and technology. 

social welfare and community development. (Afriyie. 1973: 728). 

In order to be sustainable, resettlement needs to be deliberately 

planned and executed within an encompassing. 

development strategy. (Scudder. 1966: 20 

Scudder, 1968: 22-3). 

long-te rm . a rea 

Brokensha and 
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Within this context. Brazil 's programme to expand its 

e lectr ici ty supply by increasing ly harnessing major Amazonian 

water courses is anything but isolated frorn world 

hydrodevelopment trends. Present and f oreseeable mar ket 

conditions are now rnaking it technologically feasible and 

economically attractive. though not environrnentally 

unproblernatic. to exploit the abundant potential still available 

in the world 's subarctic and humid tropical frontiers. To be 

understood. the Brazilian decision deserves to be put into this 

perspective. 

A very small proportion o f the world's colossal 

hydroelectricity-generation potential has been exploited so far. 

Some 0.0087 percent of the earth's total volume of water (1.4 

trillion km3) is estimated to be available at any time in rivers. 

streams and natural lakes, but only lS.9 percent of a 

corresponding hydroelectric potential of 2.342,639 MW was being 

used in the early 1980s. (Petts. 1984: 1 

Biswas. 1983: 28). 

Gordon. 1983: 21. 

However late and limited has been their exploitation. 

hydraulic energy sources are now being rapidly tapped around the 

world massive human interference in the natural environment is 

turning water courses into the single most important suppliers of 

renewable energy for developnent. Axial-f low generation has 

been applied only rarely most hydroelectricity schemes now 
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require some water storage. River da.mming for flood con t r o l . 

irrigation and , increasingly, hydroelectricity generation, has 

only expanded over the last thirty years or so. Yet by the 

early l970s many of the world's major water courses had been 

modified by impoundment to some extent, with more than 12.000 

dams of more than 15 m in height impounding some 4,000 km3 of 

water, in reservoirs covering about 800,000 km2. (Petts, 1984:4). 

Schemes were largely completed in the post-World War II period, 

thanks to global economic recovery and progress in earthmoving 

and concrete technology. After 1950 many world regions staged 

dam construction activity, with rnan-rnade stream regulation now 

exceeding that of natural lakes threefold. (Barrow. 1981: 135, 

Petts. 1984: 4-5). 

Recent technical advances in hydroelectricity generation. as 

well as growing constraints on the use of other energy sources, 

have enhanced the cost cornpetitiveness of hydrodevelopment. In 

spite of the rising costs of land, building materials and labour, 

the progress in planning, design and construction techniques and 

power station/transmission equipment, as well as routine 

environmental-effect accounting, have contributed to weaken cost 

increases compared with those of nuclear and coal-fired 

thermoelectric alterna tives. C Biswas, 1983: 28 > • Technology 

transfers to developing regions have been spearheaded by 

consultancy and construction f irms of developed countries. and 

supported by international aid agency programmes. 

ln particular. countries with severe balance of payment 
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deficits and f ac i.n q mounting fossil-fuel import costs have 

preferred to develop reliable indigenous s ou r ce s of renewable 

energy wi th an already well-establ ished technology schemes may 

also serve other development purposes, if adequately planned for 

(flood c o n t r o L, irrigation. etc.) As a result. global 

generat ing capaci ty gr ew remarkably in the 195 8-83 pe ri od, when 

some 31 countries installed an average of 10,400 MW/y. By the 

early 1980s, hydroenergy was providing nearly 25 percent of the 

world's electricity supply. (Biswas, 1983: 25-6). 

In the coming decades, the world's hydroelectric potential 

will, alrnost certainly, be harnessed at an increased rate, with 

dramatic changes taking place in the location, size. purpose, and 

irnpacts of future schemes. It has been estimated that the 

amount of energy produced globally by hydroelectricity facilities 

every year will multiply fourfold between 1980 and 2020. This 

growth will largely occur in developing countries, where most of 

the available potential lies. By 1980, North America and Europe 

had tapped 59 percent and 36 percent of their potential 

respectively, while Asia had, by then, only developed 9 percent 

of its own, Latin America 8 percent and Africa s percent. 

(Biswas, 1983: 26 Flavin, 1986: 26). Altogether, slightly more 

than half of the global hydroelectric potential exists in 

developing countries, of which merely 10 percent has been 

harnessed so far. 

According to a World a a n k forecast. Third World 
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hydroelectric capacity (excluding China's) should more than 

double. frorn 100.000 MW to 201.000 MW between 1980 and 1990 

hydrocapacity could grow by as rnuch as 300.000 MW until year 

2000. (World Bank, 1987: 7). Developing countries'current 

electricity consumption isso limited, and there are so rnany 

potential uses, that demand will probably expand, even when the 

economy does not. at annual rates expected to average 7 percent 

during the 1990s, possibly more in many countries. Mexico, Brazil 

and Argentina have already raised their capacity by 43 to 58 

percent between 1978 and 1983 alone. (Flavin, 1986: 26). 

This locational shift in the current expansion of global 

capaci ty is associated with growth in the s c aLe of generating 

schemes. The tendency to build large numbers of small and 

medium-sized dams for single purposes probably peaked in 

developed countries in the late 1960s (Petts, 1980: 326). The 

trend now is to construct fewer. but much larger. dams with 

greater generating capacities in developing regions. For 

instance. North and Latin America respectively claimed 21 and 11 

of the world's 77 largest hydrodams completed by 1981. However, 

the former had only 14, whereas the latter claimed 25 of the 109 

largest hydrodams then under construction. (author's calculations 

based on Petts. 1984: 8). 

A major share of developing regions' future hydropower 

development will take place in, or depend on. the existence of 

forested humid tropical watersheds. The hydroelectric potential 

of 93 developing nations surveyed by the World Bank in 1980 

totalled 1,194,390 MW. No less than 42.S percent of this 
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potential was concentrated in only 10 countries. between them 

holding 75-6 percent of the world's tropical rainforest ar e a, 

63.4 percent of the hydropotential was found in 30 countries 

containing 10 o percen t of such forests. ( based on Biswas. 19 8 3: 

27-9, Guppy, 1984: 930). Until recently, rivers in tropical, 

particularly equatorial, countries have remained relatively 

undis tu rbed. 

Considerable efforts are now being made to harness their 

huge hydropower potential (Petts, 1984: 4). In 1978, 17 

important rainforest countries had dams either completed, under 

construction or planned. Ten years !ater. however. these 

countries' share of all dams listed had doubled and their 

schemes' average rated capacity was well above the world average. 

Between 1978 and 1988, rainforest countries' share of the world's 

listed dams grew from 13.6 (30 out of 220) to 27.4 percent (89 

out of 32S). Using figures on rated capacities planned, 

available for 172 of the 325 dams listed in 1988, the average 

plant capacity was 2065.S MW for the world as a whole. but 2300 

MW for all rainforest countries possessing at least one such 

scheme, and 2373.5 MW for the 10 major rainforest countries. 

Also. these countries were claiming nearly half of the world's 

hydrodams then on the planning boards or dueto be completed 

beyond 1988. In fact. 59 of the world register's 325 hydrodams 

were still in the planning stage or were dueto be completed 

after 198 8, of which 42. 3 percent were located in rainforest 

countries. (author's calculations based on Mermel, 1978: 43-S4) 

and Mermel, 1988: 47-55). 
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Developing countries are harnessing the hydroelectric 

potential of their humid tropical watersheds to fulfill many 

development need s. In reg ions where both hydropotential and 

mineral resources are abundant, the former is commonly being 

tapped to power local ore processing or smel ting plants. as in 

Indonesia. Venezuela's lower Caroni basin and Brazil's lower 

Tocantins basin. (Goldsmith and Hildyard, 1984: 14 Siso, 1983: 

15 Mougeot, 1986: 402). In others, hydroelectricity is a Ls o 

being generated on a large scale to be tr 1sferred, often over 

long distances, to energy-deficient regions. This is the aim of 

current projects in Colombia's Orinoco watersheds and on Brazil's 

lower River Xingu. (Ospina. 1987: 35-6 Duarte et.al., 1983: 

2 3) • 

In the humid tropics of Peru and Zaire, plans to exploit the 

hydroelectr ic potential through large schemes have temperar ily 

been shelved. dueto political. financial or physical 

constraints. In the meantime, short-run emphasis is being put 

on more numerous and smaller schemes to meet local communities' 

needs. (Wicke, 19 87: 4 9-5 O Anonymous, 19 80: 5 2). In Tasmani a. 

Inidia's Western Ghats and Peninsular Malaysia, projects have 

been discontinued or abandoned, mainly for environmental reasons. 

(Dragun. 1983: 198-200 Anonymous. 1983: 15-6 Rachagan. 

1983: 444-6 Goodland, 1986: 26). 

Brazil is representative of worldwide trenas towards large 

scale harnessing of the abundant hydropotential available in 
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remete humid tropical watersheds. In 1980. 9 o percent of the 

country's electricity output carne from hydraulic energy sources. 

Some 470 large dams and associated hydroelectric power plants 

were either in operation or under construction, three quarters of 

which were built during the post-World War II industrial bo om . 

with more than a hundred initiated or completed in the 1970s 

alone. They are mainly located in or near large industrial 

estates of the Centre and South. where most of the access ible 

potential has now been exploited. (Budweg, 19 80: 19 Budweg, 

1982: 48). 

Estimates of Brazil's hydroelectric potential were recently 

updated to 213,000 MW 90 percent of the nation has been surveyed 

and analyzed, but only 14 percent has so far been tapped. Until 

1995 this potential will be harnessed at an expected annual rate 

of 11.3 percent. well above economic growth. (Biswas, 1983: 

33). lnstalled capacity should rise from 34,035 MW in 1983 to 

55. 382 in 1990. By 2000 AD, when electricity will still 

continue to be derived mostly from hydraulic sources, the 

country's capacity is likely to be between 77,600 and 83.200 

MW, depending on growth of the electrici ty market, technology 

acquistion policies and financing arrangements. (Holtz. 1985: 17, 

19). 

Also consistent with the general global pattern, the average 

size of Brazil's hydroelectricity plants has grown steadily since 

the mid 1930s. Future growth in supply is expected to come from 

a few schemes affording an unprecedented generating capacity. 
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Fewer plants went into operation between 1976-85 and between 

1986-90 than in the previous five-year periods. Average 

insta! led plant capaci ty has been ris ing since the mid 193 Os: 

13.19 MW (1936-45), 21.93 MW (1946-SS) 83.66 MW (19S6-6S). 229.89 

MW (1966-75), 642.48 MW (1976-SS). and 2882.43 MW (1986-90). In 

fact, the few projects scheduled to be built between 1986-90 have 

nearly as much generating capacity as that of 252 

hydroelectricity schemes built in the country before 1975. 

(author's calculations based on Holtz, 1985: 17). 

Most of Brazil's unharnessed hydropower potential is located 

in the Amazon region, which holds an estimated 97,800 MW. By 

late 1984, the federal power-utility holding company's subsidiary 

for northern Brazil, Centrais Electricas do Norte do Brasil 

(ELETRONORTE), had identified some 63 sites for hydropower 

generating reservoirs in the River Araguaia-Tocantins (AT) basin 

and along major tributaries of the River Amazonas. If all were to 

be exploited, these impoundments would flood about 100,000 kmz , 

(Junk and Nunes de Mello. 1987: 367). Inventories now available 

on the AT and Xingu river basins suggest that more tban half of 

the regional potential could be tapped through a few large 

schemes. with final costs competing favourably with those of 

smaller hydroplants and coal/nuclear-fired thermoplants in the 

southeast. (Monosowski, 1983: 11 Holtz, 1985: 16). r e , 
therefore. seems inevitable that at ~east the larger planned 

schemes will go ahead. and that most flooding will be in the AT 

and Xing6 river basins. 
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L. rn PLANNED DYDROPBOJEcrs om.x DISRUPT NEGLIGIBLE NlllfflPS Qf 
PEQPLB 1B BRAZILiali AMAZÔNIA? 

Large hydroelectricity-generating projects and their 

related infrastructure will probably be the single rnost 

disruptive developrnent actions in Brazilian Amaz6nia in the near 

future. They will be significant both in terrns of the 

population disturbed and in terrns of water and land resources 

which they will deny or rnake available to hurnan ccmmunities. 

It is difficult at present to estirnate reliably 

populations likely to be dislocated by future hydropower projects 

in the Arnazon reg Lon , even those currently and perrnanently 

resident on the proposed reservoir sites. One reason is that 

rnuch local ground surveying rernains to be done. Only 4. S 

percent of Arnaz8nia's hydroelectric potential had been tapped or 

was under construction in late 1983, while less than half of the 

amount still available had been inventoried to any extent. 

(Holtz. 1983: 6). Once created. the actual pattern of 

impoundrnents oou Ld differ significantly frorn original p Lan s , in 

terrns of numbe r s , location and areas submerged. as a res ult of 

deleting. adding. re-siting and re-scheduling schemes, in 

response to more accurate ground knowledge and chang ing market 

conditions. 

With respect to schernes already under construction. the 

deli mi tation of areas to be evacuated depends on assess ing 

topog raph ic information and on def ining rnaxirnum storage levels. 

This is particularly true for large reservoirs to be sited on the 

flat lower reaches of rivers. In most cases. as with the 
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Altamira Hydroelectric Complex (AHC), the maxium storage level is 

slow to establish. while accurate topographic base maps also take 

time to compile. (CNEC, 1985). For instance, assessing the area 

to be submerged by a series of 6 or 7 reservoirs on the lower 

Xingu and Irir! critically depenas on selecting one of two 

possible maximum reservoir levels for the downstream Babaquara 

Dam. It could be as large as 18,300 kmz , (Duarte et.al., 1983: 

25-26). Accurate laser-levell ing of future lakeshores is now 

feasible, but at Tucur!, as at Kariba (Brokensha and Scudder, 

1968: 43). contours remained unknown until the lake filled. 

Consequently, some families were resettled in areas which were 

subesequently flooded, so needed to be relocated once more. Even 

when reliable contours are known and census data are available, 

estimates could still be considerably affected by the 

reprogramming of specific schemes and by intervening development 

actions in the vicinity of planned reservoirs. 

Currently, only crude provisional estimates can be 

attempted for most of the region. using available data on 

permanent residents in the reservoir areas. Assumptions on 

which calculations were made have been discussed elsewhere. 

CMougeot. 1988: 37-8). Estimates of disrupted populations for 

reservoirs proposed in the AT river basin and along major 

southern tributaries of the River Amazonas. Cwhich presently 

account account for nearly 83 percent of the regional 

hydropotential), suggest that, if the impoundments currently 

contemplated in these basins were all created. they would have 

displaced by 1985 between ss.ooo and 156.000 residents. (Table 1). 
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The upper estimate in Tªble 1~ will amost surely have 

been exceeded manyfold by the time all likely impoundments are 

fo rmed. The great majority of these are still on the drawing 

board. In the rneantime however, population densities are 

escalating. Between 1980 and 1985 alone total density r a t í o s 

for the four basins concerned rose by 29.4 percent. ranging from 

20 percent in the already densely peopled AT basin, to 49 percent 

in the Madeira basin. In the state of Maranhão. densely 

populated rnunicipalities bordered/crossed by the Rivers Tocantins 

arid Manuel Alves Grande are to accommodate four schernes. Their 

total density grew by at least 45.4 percent in five years only. 

The numbers of those to be displaced from reservoir areas 

will easily surpass current estimates, especially in the active 

colonisations areas where large irnpoundments are being or rnay be 

postponed. The planned Santa Isabel Reservoir on the lower River 

Araguaia. upstream of Tucuruí was or ig inally to submerge sorne 

3840 Km2 in 1192. probably ousting a population well in excess of 

the 1980 estimate of 60.000. The scheme has now lost precedence 

to the AHC on the lower Xingú. Meanwhile. however. an extensive 

state road-upgrading programme has been launched in its proposed 

vicinity. and the total density of the local Para municipalities 

has grown by at least 80.1 percent. from 2.29 to 4.13 

persons/kml. between 1980 and 1985. 

Measures only concerned with people permanently residing 

on reservoir sites may greatly underrate the real extent of local 

population disruption by hydroelectric development in Brazilian 

Amaz8nia. Estirnates may vary according to the orders in effect 
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and to the land tenure conditions. Populations directly ousted 

are those losing access to land and water-based investments and 

areas, natural resources and work opportunities. dueto site 

requirements of reservoirs. construction camps. raw material 

procurement. roads and transmission lines. But people can also 

be uprooted indi rectly C in space and time) • by changes the 

prev iously mentioned actions br ing about in the biogeophys ical 

environment and in land valuation and utilisation pattems. as 

well as by new diseases, adverse social changes and economic 

behaviour which outsiders may introduce. 

With respect to land tenure. local residents owning local 

land can be affected directly by project site requirements. so. 
too. may non-resident owners of local properties. and non 

residents who, while not owning local land, may seasonally depend 

for their subsistence on access to river-based resources and 

services. These categories can be further affected indirectly, 

once they relocate relocate in the vicinity of the new reservoir 

( including populations populat ions init ially unaf fected by 

project stite requirements). When relocating because of the 

spatial impacta of the project. all these categories of people 

could themselves become agents of further project-triggered 

effects. by displacing one another oras yet unaffected and more 

vulnerable groups of people. 

It is well known that the more destitute groups of 

Brazilian society have been competing in their struggle to gain a 

living in frontier areas. where unclaimed land is increasingly in 
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short supply. Hydroprojects cou l.d further increase pressure on 

these people. Native populations are particularly at r í sk , In 

1981 at least 7 hydroprojects planned or under construction 

throughout Brazil. each comprising between 1 and 7 individual 

dams or sets of dams. were to submerge or require evacuation of 

at least 100,000 ha in 32 to 34 separate Indian areas. of which 

22 to 24 were Loc at e d-.« in Amazônia (Aspelin and Coelho dos 

Santos, 1981: 3-5). 

On the River Trombetas. the Cachoeira Porteira and 

Mapuera Reservoirs are to flood nearly 100 km2 of mostly 

dryground forest, which, though environmental consultants claim 

are not permanently settled, at least serve as hun t i.nq , fishing 

and fruit-gathering grounds for native peoples. (Communication of 

Guar aci Sathler, Engerio. 11/6 / 87). The Tucuruí' Byàroelectr ic 

Complex (THC) reportedly encroached on three indigenous people's 

reserves and, more directly, affected at least six tribal groups 

totalling 800 individuais. (Monosowski, 1986: 196). The Parakaná 

and Gavião Reserves had already been reduced by developments 

prior to the THC, but were further partly expropr iated or re 

sited to make room for hydroproject needs. The Indians have in 

this way lost direct access to the Tocantins waterway and its 

resources. They also have become more exposed to disease r isks 

and resource-base destruction by non-Indian poachers. (Q ~~..t..ãl 

3 7 / 8 / 8 7· : 7 > • 
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L. ~ IIOS'.r PEOPLE m D~ ~LAC~ Ili HYDROPROJBCTS IH BRAZILJM 
AIIAIQHlà LJIELY %Q REAQIRE NINIIJAL RSSE'l'TLEMENJ' al,SISTANCE? 

In principle1 various degrees of State assistance may be 

offered to populations displaced by hydroprojects. In Amazônia 

however. comrnunities which will be dislocated are mostly rural 

and. because of their social and cultural vulnerability. are 

lik.ely to requi re s ubstantially upgraded resettl ement s uppor t , 

even merely to maintain their standard of living after 

relocation. 

Popula tions dis rupted by deve Lojmerrt actions should be 

consulted on how they prefer to relocate. either as communities. 

individuals1 or both. This will depend on the prevailing degree 

of community cohesion. Pioneer crossroad-towns of migrant 

nuclear families with diverse cultural origins are more likely to 

favour self-relocation than traditional riverine villages of 

sedentary households with extensive local kinship ties. 

Assisted resettlement can . in fact. provide the opportuni ty to 

strengthen a sense of comrnunity which may have be en , or may be . 

undermihed by other. adverse. developments. Each off icial 

assistance may vary in degree and duration. from minimally 

assisted self-relocation to fully-fledged resettlement. (Dasmann 

et.al •• 1973: 220 Lightfoot. 1981: 113). Most exper irnents 

worldwide have adopted solutions between these extremes. with 

varying degrees of government funding. provisíon of 

infrastructure and housing. and assistance to modify existing 

social attitudes and economic practices. Popula tions moved as 

communities normally require more elaborate resettlement 
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assis tance than indi viduals. (Lassail ly-Jacob, 1983: 

1981: 141). 

Barrow. 

When community preservation is at stake, the State and 

the population's perceptions should coincide as much as possible. 

as to the most appropriate form. degree. and duration of 

assistance. Experience suggests that national ethnic minorities 

ana rural-based groups. living ator near subsistence levels, are 

usually better aided by fully-fledged resettlement solutions. 

while self-relocation is better coped with by the more mobile, 

urbanised, better educated and wealthier. (Scudder and co laon , 

19 82: 2 77). However pref erable one or another alterna tive may 

appear to be. its actual adoption may critically depena on 

people 's conf idence in gove rnmental competence. as much as on 

local ~lite's influence on resettlement authorities. The more 

needy's willingness to participate in sponsored projects is 

1 ikely to be tempered by thei r pe rception of the governrnen t 's 

ability to carry out timely and effective implementation of 

community resettlement. (Scudder and Colson. 1982:178 Koklu, 

1982: 6). 

0n the other h and , particularly in closed communi ties. 

resourceful individuals are prone to self-relocate and, when 

doing so. may deprive their communities of the crucial leadership 

required to overcome resettlement stress. In a Mexican frontier 

region 'open' communities facing relocation tended to draw inward 

and develop a guarded attitude. thus preventing fissioning and 

outmigration of the fittest. In more closed and rigidly 
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structured qr o ups , divisions along latent functional lines were 

precipitated when risk takers seized opportunities previously 

unavailable to them. (Partridge et.al., 1982 260). 

In Brazilian Amaz8nia. communities likely to be àisplaced 

are largely composed of the more vulnerable human groups: native 

indigenous people and subsistence peasants of m í xed+b Lo od , as 

well as small-scale inmigrant agricultors. International 

experience strongly suggests that, ir. most cases. instead of 

individual cash compensation, these populations are more likely 

to require assisted resettlement. in order. at the very least. to 

maintain previous living standards. 

The potential benefits of assisted resettlement will 

essentially depend on the extent to which resettlement is part of 

a watershed or basin development strategy, as is explained in the 

next section. 

s.~ RESETTLEMEl'f Mi EABt Qt INTEGRA'J,'ID 6BD JlliiEL=~· 
Ia ll PQSSIBLE IHD IDll SHODLD 1% U l2mi& Dl BRAZILIAH W 

The weight of evidence of social and environmental 

costs. gathered from various resettlement experiments. is at last 

changing official understanding of resettlement's requirernents 

and opportunities. Both within countries and on the 

international scene. the emphasis clearly seems to be shifting 

from limited involvement outside defined resettlement to 

solutions integrated with overall local development, and 
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which are concerned with shortening the more stressful stage of 

resettlement. (Butcher, 1971: 6). 

International development agencies are now recognising that 

social aspects of hydroelectric projects may be as expensive, if 

notas time-consuming and complicated, as engineering and 

construction components. Indeed, resettlement is often the rnost 

costly item. (Goodland and Ledec, 1986: 60). 

As a result, the World Bank has issued guidelines and has 

been atternpting to quantify various social impacts, among which 

are: forced resettlement and associated problems <unwanted 

migration, health risks, protection of minority peoples and 

natural resource conservation>. (World Bank , 1980 Olivares. 

19 86: 13 S-6). The FAO h as recently devoted a ttention to the 

environmental impacts of resettlement itself (PEEM, 1986). More 

importantly. as resettlement costs are more fully appraised and 

internalised by hydropower project planners. efforts will be made 

to limit the need for displacement. 

unavoidable. 

This, however, may be 

In such instances. and in order to be approved by the 

World Bank, projects are now required to submit a satisfactory 

resettlement proposal, the planning and implementation of which 

become an integral part of the development project (Olivares. 

1986: 138). Some have already been approved. for example 

India's Indira Sarovar Irrigation and Power Complex in the 

Narmada river basin, where relocated people are to be given 
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priority in project-created employment, and where training will 

be provided to assist them when necessary. (Goodland, 1986: 

28,33). 

In many countries the understanding of what should be the 

more appropriate approach to resettlement is changing. The now 

famous Nam Pong case study illustrated that resettlement should 

be considered as but one component of water resource management, 

along with, and in interaction with, reservoir shoreline and 

upstream watershed development. (Srivardhana, 1987). Asia's 

extensive experience stresses that there is certainly room for 

more encompassing approaches to water resource management itself, 

in terms of the resource base contemplated, perceived potential 

benefits and measures required. Planning needs to account for 

more than just engineering and financial aspects. It needs to 

value the understanding, support and participation of local 

populations in the management system. (Bower and Hufschmidt. 

1984: 351-2). In northern Thailand watershed management through 

agroforestry has been successfully linked with reservoir-related 

population resettlement. (Perry and Dixon, 1986: 37). 

In Brazilian Amazénia, the prospect of resettling large 

numbers of culturally distinct, often environmentally adapted and 

ter ri tor ially attached, rural communities, represents a major 

opportunity to involve local populations in water resource 

management. Long recognised by students of Af rican reservoirs 

built between 19S8 and 1981, this potential has been overlooked 

by most advocates and many opponents of large hydropower 

projects. These have been justifiably criticised for benefiting 
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wealthy minori ties. favour ing labour-sav Lnq , export acti vit ies, 

increasing water-borne diseases. damaging the natural 

env ironrnent. displacing indigenous people and destroying thei r 

culture. (Goldsmith and Hildyard. 1984: 231-8). But these 

pr ob Lems are not the sole prov ince of hydroelect r ici ty schernes 

in rapidly developing regions such as Amaz~nia. They will 

probably continue unabated, regardless of whether or not 

hydropower projects are developed. 

On the other hand, project cost-benefit appraisals by 

funding/aid agencies are becoming more comprehensive. at the sarne 

time that socially marginalising and environmentally destructive 

trends are really threatening the massive investments involved. 

This developing situation should lead governments to try and 

intervene more than ever before, in order to protect and 

sustainably exploit the riches of their country's river basins. 

In many instances hydroelectric development may just provide the 

last opportunity to doso. 

Deforestation is probably the single most important 

threat to the sustained exploitation of major tropical river 

basins' hydropotential and related uses. It is being 

encouraged by inequitable land distribution. low agricultural 

pr od uct i vi t Y» poor la nd use policies • inappr opr ia te ti mbe r and 

forest produce development. weak institutions and rapid 

population growth. Open and closed tropical forests (2,970 

million ha in 1980) were cleared ata rate of 11.3 million 

hectares per annum between 1976 and 1980, when an average of 18 
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to 20 rnillion ha were being being modified from their original 

state every year. (Hadley and Lanly, 1983: 11 FAO et.al •• 1987). 

Closed tropical forests represent 1,188 rnillion ha and 

often are being logged as part of commodi ty-export programmes. 

(Guppy, 1984: 938. 950). In Thailand, the Philippines, 

Peninsular Malaysia and parts of Indonesia, forest assets have 

been depleted beyond domestic self-sufficiency. Regions with the 

more extensive forest areas now remaining are being felled 

rapidly. These regions include Indonesia's Kalimantan and 

central Brazilian Amazània. ln lndonesia forests have been 

disappearing ata rate of 1 million hectares per annum in 

Brazilian Amazônia. at ca. 3 million hectares, mostly as a result 

of highway and cattle-ranching development. (Kartawinata et.al., 

1981: 115-9 Salati. 1987: 64 Guppy. 1984: 941). 

ln Brazilian Amazénia, deforestation has increased 

exponentially, with much of the clearance occurring in the upper 

reaches of the rivers which hold most of the region's 

hydroelectric potential: for exampl e in the t rans i t ional 

rainforest-cerrado zone in Mato Grosso, in southern 
.,, 

Para 

Maranhão. Goiás and in eastern Pará • Here, clearing is 

increasing even without further considerable inmigration. largely 

as a result of ownership transactions and conversion into 

speculative pasturelands. (Fearnside, 1986a: 74-81). 

ln tropical watersheds with intense seasonal rainfall 

régimes, extensive forest clearing encourages soil erosion and 

26 



depletion of fertility. Seepage is hindered and runoff is 

accentuated. seasonal river flow amplitudes are magnified and 

stream sediment loads increased. These curtail flood regulation 

and power generation and reduce the live storage capacity of 

reservoirs. Thermal and physico-chemical changes in the water 

quality may take place, up and downstream of the dam. These 

changes can affect water-dependent biota and, ultirnately. local 

human populations. (Russell. 1981: 942-3). 

Destructive floods h ave been related to the denuding of 

Indonesia's Barito and Kahayan river catchments and of the River 

Ganges' Yamuna sub-basin in northern India. (Guppy. 19 84: 942-3 

Jayal. 1985: 95-8). In peninsular Malaysia. water flow into the 

Muda and Pedu Reservoirs is now so low in some dry seasons that 

costly cloud-seeding has been attempted, in order to try and 

maintain acceptable levels for irrigation a nd power generation. 

(Goh Kin Chuan), 1984: 28). 

Deforestation-related sedimentation now threatens the 

life span of the Karangkates Reservoir in Java' s Brantas ri ver 

basin, and India's Nizamsagar and Tehri Dams. (Suryono. 1987: 27- 

8 Dogra. 1986: 201-2 Goodland and Ledec, · 1986: 57) I In orer 

to save China's Samsen Gorge Project f rom excessi ve 

siltation, its dam and power plant had to be redesigned and 

rebuilt. with a sizeable generating loss compared with the 

originally planned installed capacity. (W. Xiutao. 1986: 23-4). 

In Kenya. cattle are now grazing totally silted-up reservoirs on 

the Rivers Thiba and Chania. (Pereira. 1981: 7-8). 
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6 ,ASSISTED BUETTLEMEl'l' Mi UB.t ~ IBTEGRATEQ AUA DEVELOPNENT illBAT 
.IlfSfiTUTIORAL PRAMEWOU li NEBDED m &D ll YIABLE .Ili 
JfflAZILIAN ANAZONIA? 

Brazil's traditionally lirnited concern with integrated area 

development is somewhat surprising. given the numbers and 

potential of its river basins. This attitude needs to change 

rapidly, in order to maximise the benefits of individual 

developnent projects in Amazé)nia. The cur rent si tua tion has 

largely been the cause and effect of institutional and 

legisla tive vacuums at national and regional levels. There has 

been little interest in creating high-level management 

structures. with broad-based societal representation and 

sufficient jurisdictional and financial powers for satisfactory 

reservoir or watershed management. not to say basin developnent. 

Streams and rivers are federal property and their exploitation 

has customarily been assigned to private. then federal, 

hydropower enterprises. Without any legislation requiring dam 

planning to consider other possible uses, most reservoirs in 

Brazil have been created for single. mainly electricity 

generation. purposes and have seldom been adapted to additional 

uses. (Budweg. 1982: 48). 

Admittedly. federal power holding-companies and their 

subsidiaries face a very difficult task in areas lacking a 

regional planning tradition. These companies are being 

challenged to assume development functions clearly beyond their 

conve ntional expertise and j ur is dict ion. and to cope wi th local 

and regional claims not always agreeable to federal priorities. 
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In Brazil, recent environmental legislation and rising 

construction costs in remete areas may incline darn owners and 

designers to attempt integrated reservoir planning. (Budweg, 

1983: 30). But other countries' experience suggests that these 

have found it difficult to enforce multiple utilisation and 

environmental preservation beyond the Lí m its of thei r project 

areas. (Scudder, 1966 Pereira, 1981 Babcock and Curnming, 

1984 Koenig, 1986 Srivardhana, 1987). 

A Brazilian committee on integrated watershed studies was 

set up in 1979, to coordinate federal water resource development 

and establish executive committees for the various basins. in 

order to promete regional planning and the multiple developmen t 

of streams and r í ve r s , (Budweg, 1982: 49). These executive 

committees' ability to establish rí ve r basin authorities will 

determine the extent to which, beyond reservoir-confined 

management, planning will account for local and regional 

develo:pment needs and opportunities. 

In AmazSnia the Araguaia-Tocantins Integrated Developrnent 

Project is presently the most serious ef fort towards integrated 

basin development. CPRODIAT, 1982). But PRODIAT has only been 

charged with formulating guidelines and objectives for 

coordinating governmental plans and activities in support of 

socioeconomic development in the AT bas in. Beyond PRODIAT, th e 

creation of an effective management structure for integrated and 

sustained basin development basically depenas on the federal 

government's commitment to such development. 
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Asia's more extensive experience in comparable 

geographical contexts shows some of the steps and requirements 

Brazil probably needs to address. in order to make river basin 

planning work in Arnaz8nia. The Philippines' Bico river basin is 

comparable to the AT basin. in terras of income rnaldistribution. 

poor transportation. natural hazard risks. inequitable land 

tenure. rapid population growth. and institutional deficiencies. 

Following studies by a planning board wi th advisory functions 

cornparable to PRODIAT's, a development company with executive and 

financial powers was created in 1966, then replaced in 1973 with 

a River Basin Council. 

This coordinated and produced substantial feasibility 

studies for domestic and foreign development financing. However. 

dueto inadequate jurisdictional and budget autonomy and 

ambiguous linkages with other sectors of the national governrnent. 

the Council gave way. in 1976. to the current River Basin 

Oevelopment Prograrnme. 

An appraisal of this programme's results after 10 years 

stresses that. in order to achieve integrated and sustained area 

developnent. the management structure needs to involve a broadly 

representative cross-section of basin society, 

broadly-based constituency at the national leve!. 

as well as a 

Participatory 

management is essential. because sustainability requires project 

users' continuing commitment to utilise. upkeep and further 

develop early investments. 

30 



However, in order to flourish, local participatory 

initiatives need the support and commitment from the central 

govern~ent itself. Extensive forms of coordination and 

c o n s u Lt a t í o n can do little. when local initiatives are 

constrained by central governmental prescriptions and by powerful 

lobb:ying on part of dissenting regional/ local interest q r oup s , 

(Koppel. 1987). Chinese water resource developnent is effectively 

r elated to a viable administra tive f r amework. It is based on 

centralised planning of large-scale projects. with river 

commissions and research insti tutes suppor ting local 'communi ty- 

run management units. (Gustafson, 1987). 

7. WJi ~ COMPBIHUSIYB ª==T:NT PLANNIRG IIIL.f lQ IMPRQYI 
PERPQRIIANCE .Ili &RIIILIAN t 

One of the more difficult tasks assigned to power utility 

companies exploiting Brazil's rivers has been the resettling of 

populations disrupted by their power-generating schemes. 

Despite lessons of previous Brazilian resettlement projects 

(Augel. 1982 Germani, 1982 Andrade, 1983 Sigaud, 1984), at 

the Tucuruí Reservoir on the lower river Tocantins. no basin or 

resettlement authority was designated or created which, with 

appropr iate j ur i sdict ion and financial autonomy, could ha ve 

coordinated a comprehensive strategy. 

In many developing countries. even econornically less 

advanced than Brazil, such as the Ivory Cost. Ghana and Nigeria. 

non-hydropower authorities have been specifically charged with 
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resettling comparable or smaller population numbers than at River 

são Francisco's Sobradinho Reservoir o r at Tucuruí'. The Níger 

Dams Developrnent Authority reaccommodated sorne 44,000 people 

relocated from the site of the Kainji Reservoir quite 

satisfactorily (Lassailly-Jacob, 1983: 49,SO,SS). At 

Tucuruí, however, as at Sobradinho and other reservoir 

developnents in Brazil, the owner of the hydroelectricity scheme 

was delegated the prime responsibility for planning. funding, and 

conducting resettlement. 

In this way, resettlemnet is dependent on a 

hydroproject's tirning and its spatial and financial requirements. 

Not only can this hinder resettlernent from achieving the 

potential of a cornprehensive approach to water-based resource 

developnent. It may even jeopardise a successful implernentation 

of narrowly planned resettlement. The Tucuruí Resettlement 

Programrne CTRP) for instance, the first resettlernent programme in 

Brazilian Amaz8nia, is unquestionably a late addition to the 

global record. As such, it entailed costs which could well have 

been avoided and opportunities that could well have been seized. 

if a comprehensive approach had been adopted. 

The significance of the TRP is considerable, not only 

because of international and local information now available to 

assess it, but, mostly. because it is already acting as a 

refernce for other reservoir-related proposals, in Brazilian 

Amazênia. The following sections discuss selected components of 

resettlement planning which máy be enhanced in such proposals, 

when, conceived within an integrated approach to area development. 
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Baseline studies. resettlement siting. and opportunities for 

economic and social development. are of particular concern. 

(i).HQll ~.QD Umtl~ ~m~~n.t. ~Mtl.in~ s..t.l.ldiü Ae.i§.t B~a.et..tl.em~ 
fann.i.ngl 

Baseline surveys can become powerful tools for sound 

resettlement proposals. when timely and properly carried 

out by social and natural science specialists. (Eidem. 1973: 

735). Unfortunately. in contrast to engineering aspects of 

hydroprojects. there has been notably less concern with 

subjecting resettlement proposals to internationally recognised 

goals and standards. Also their implementation and their 

monitoring have seldom been submitted to the impartial scrutiny 

of experts. (Lightfoot. 1981: 96). At Tucuruí the initial 

repor t on the envi ronment r isks was pr epared by a s ingle wo rld 

Bank consultant (Goodland. 1978). but socioeconomic surveys were 

done much later. by a consultancy firm from Southern Brazil, 

which specialised in construction and topographic surveys 

( BAS EVI , 1 9 7 9 ) • 

When baseline studies are assigned a relatively low 

priority. their quality and ability to guide resettlement 

planning are usually severely curtailed. At Tucuru(. the studies' 

stated objective was to predict the effects of the hydroproject, 

mainly its reservoir. on the population in its area of influence. 

and to set forth guidelines for site selection and urban 

resettlement. (BASEVI. 1979: 12,13,15). The studies, however, 

presenta number of important lirnitations. with respect to survey 
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tirning and approach, study universe, sarnple disign, data 

collection, processing and analysis. Such limitations rnay explain 

why, when rnaking decisions/choices during resettlement planning 

and execution, irnportant disruptive effects were overlooked. 

At Tucuru!. there was little time for the survey of the 

area to aid planning indemnification. transfer and resettlement. 

Fiel d enquir ie s were car r ied out some three years afte r the 

beginning of hydroproject construction. and only two years before 

the reservoir was scheduled to f ill. The surveys came after a 

two-year painstaking analysis of local land tenure. They were 

possibly hastened through pressures by local municipal councils 

on var Iou s levels of public administration. Orig inally, the 

reservoir waters were to reach 32 m altitude in 1979, which would 

have flooded two imporant v illage s , A leaflet advising people 

not to aquire any land within a mapped area had been distributed. 

However. the municipalities remained dissatisfied with the 

information given to them and , in late 1977, combined to press 

for greater details on resettlement prospects. Shortly after. 

the hydroproject owner hired a consultancy firm for baseline 

surveys and to prepare a report. 

A multi-staged approach over at least one year could 

document thoroughly and convincingly riverine communities' 

seasonally changing relationships with their resource base. 
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lnstead, at Tucurui a one-shot survey was attempted in the late 

rainy season (March 1979). This period typically affords 

limited insights into the real extent of river-related resource 

uses. Rural populations assemble at highground settlements, as 

local agrarian activities become more limited. The low 

prevalence of fish consumption reported in the study is probably 

dueto question formulation/survey timing (low incidence), as it 

contradicts an earlier survey (Hidroservice, 1977), personal 

field interviews, and the observed increase in post-impoundment 

reservoir fisheries. Because surveys were scheduled for the 

wet season, travel was difficult and more people were present in 

the survey region than would be the case at other times of the 

year. It is likely that the timing of the su r ve r · prevented 

field off icers from verifying the actual extent and nature of 

land and water-based resource util is ation by local people. 

Also, as a result of inappropriate timing, a survey may 

f a i 1 to d e te e t a e o mm u n i t y ' s v u ln e r a b i 1 i t y to pe r i o d i e 

environmental stress. As noted at other tropical impoundments 

(Koenig, 1986: 13 Reining, 1982: 201-5), the high-water season at 

Tucuru( is very likely to be a period of the year when 

local people's savings have mostly been spent. food shortages are 

more likely, and morbidity and mortality are particularly high. 

(Koenig, 1986: 13). A multi-staged survey could have supplied 

the evidence to argue the real risk involved with programming 

relocation during that period, as opposed to the post-harvest 

period. The adopted survey strategy prevente d the 

identification of such risk, but secondary-source evidence 
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could have been retrieved and used to prepare the report. At 

Tucuru{ the evacuation and population transfer to new settlernents 

largely took place during the rainy season of 1984. 

When the study universe is ill-defined and the sarnple 

design defective. unnecessary survey costs rnay arise. as well as 

statistical bias in analyses. At Tucuru(, questionnaires were 

applied to 1.12 8 heads of household a t 825 hornes. represent ing 

very large settlement-specific and overall population 

percentages. This is quite unjustified by the details of 

reported analyses. Cri teria which guided the select ion of 11 

settlements were not stated. For example, a major riverine 

town. Itupiranga. which was to be unaffected by flooding. 

~ãa. included in the survey, whereas important villages which were 

to be affected. were omitted. Repartimento Central. the only 

dryground crossroad, was excluded. (BASEVI. 1979: 18,22). Also, 

at each settlement. and contrary to what was argued by the 

report. sample stratification would have been feasible, if SUCAM 

field data had been duly exploited. This also would have 

permitted smaller sample sizes to afford equally. or more, 

representative population estimates. 

At Tucuruí. questionnaires and interviews covered a wide 

range of i t ems , though the report only stresses a f ew aspects 
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useful to planning. However, in spite of the detail the survey 

failed to collect relevant information, or exploit the data base 

through meaningful cross-tabulations. Neither did it fully 

interpret even the more simple data displays, or make practical 

recommendations based on them. 

The study did recorda high prevalence of local kinship 

ties amongst most interviewees. as well as generally strong 

community cohesion and attachment of people to their settlements. 

People preferred to be transfered along with thei r neighbours, 

to ar e a s n e ar w ate r e ou r ses o r a t e r os s roa d s • ( BASE VI , 1 9 7 9 : 

264,290,298). The study mentions the need to install water 

treatment facilities and to undertake health education campaigns 

at new settlements. It also warns that relocated communities may 

be adversely affected by influxes of outsiders and by the 

outmigration of young adult relocatees. (BASEVI, 1979: 136,35). 

On the other h and , the s ur vey t s questions on migration 

failed to address some aspects extremely relevant to resettlement 

assistance and siting. Data on interviewees' previous places of 

residence. and on their relatives and occupations held at these 

places# would have shown the location and importance of 

displacees' possible destinations. Additionally. data on local 

spatial mobility and resource utilisation at current residence 

would have indicated the river-dwellers' activi ty space and the 

extent/frequency with which these resorted to river-based 

opportunities Cmarginal-lake fishing and floodland cropping). 

Both series of data could have suggested more sensible, possibly 

more economical, site alternatives at the time resettlement was 
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being planned. rather than some relocation be~ng adopted in 

spontaneous and untimely manner by resettlees themselves (as 

would later be the case). 

If it had been available. the above information could 

have been correlated with that which was collected on income, 

household and community sizes. For instance. the average 

household size was found to be larger. average household income 

Lowe r . and settlement-specific income range narrower. in h am Le t s 

than in large villages. (BASEVI, 1979: 63,66,83). Poor rural 

families were. it appeared, usually large, and their subsistence 

depends on many individuals' ready access to local natural 

resources and work opportuni ties. Households' activity space 

is. therefore. not only necessarily confined, but primarily 

defined, by natural attributes of the r es Lderrt í al, site and its 

surroundings. Rural subsistence communities are not 

dis tributed randomly in space. Because so many poor families 

depena daily on such activity spaces. resettlement sites lacking 

one or more of these attributes can have a very negative effect 

on large numbers of relocated people. 

/ 

Rather than elucidating this point, the report argued 

that. since most interviewees were of rural origin. these would 

be unlikely to resettle in rural areas. (BASEVI. 1979: 43). 

Residence. however. is undefined a n d numbers of 'urban' 

residents, at the time of surveys. could partly reflect seasonal 

incidence. The study does not recognise urban residents' 

dependency on agrarian resources or on rural k í.n , in order to 

/ 
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maintain themselves at settlements. Concern with collecting data 

on access to agrarian resources was limited to measuring 

landownership: even so this was not negligible, comprising 39 

pe r ce n t • ( B AS EVI, 1 9 7 9 : 11 7 ) • Other potential indicators o f 

urban residents' agrarian dependency were documented, but 

overlooked by the report. For example: 63.2 percent of 

interviewees used charcoal and f irewood as cooking f ue L, and 

4 6. 3 pe rcent resorted primar ily to horne medicine. (BASEVI, 19 7 9: 

123,14S,198). This medicine is only available to those with 

access to locally grown or naturally available medicinal plants. 

In developing tropical regions, rural families' nutritional well 

being. and female-work contr ibutions to it. la rgely depend on 

easy access to such natural commodities, plus such necessities as 

drinking water and wild food products. (Koenig, 1986: 29-32). 

At Tauiry near Tucuru[. the extraction by women of oil from palro 

nuts was important to the household economy of local residents. 

(Biery-Hamilton, 1987: 20). 

In the light of data on income, household and community 

sizes. it could further have been argued that poor families, the 

majority of the population. would risk becoming marginalised. 

This would happen even when simply relocating from small, rather 

homogeneous hamlets. to large x , more class-differen tiated 

centres. without or wi thin assisted resettlement projects. 

This may occur even with families keeping up former cash-income 

levels at new aee t Lemerrt s , The report could have insisted on 

and proposed occupa tional t raining stra tegies aimed a t speci f ic 

target groups in new settlements. 
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Instead, high s c h o o L absenteeism at old villages is 

emphasised and parents'desire for their children's betterment 

held as an endorsement for further schooling. (BASEVI, 1979: 

2 68) • But the report disregarded youngsters' important r8le in 

poor families' survival strategies and how increased school 

attendance or outmigration rnight affect their cornrnunities' 

labouring system and future livelihood. If it h ad done so . it 

could have raised the potential for local training prograrnmes to 

make use of local resources, in order to retain young people in 

rewarding occupations and improve their families' lot. At 

Tucuruí, pre-reservoir communities were resettled in fewer and 

larger urban centres. Traditional labour practices evidently 

were affected (Biery-Hamilton, 1987: 22-3) yet, four years 

later, no training programme had been implemented to address the 

problem. 

8.ImX la CQLLBCTIVB RESETTLBMBNT PREFERABLE ~ INDIVIDUAL tA5ll 
COMPBNSATIQR'l 

Resettlement managers' perception of the area to be 

affected by a hydroproject, of population numbers to 

be disrupted, and of desirable indemnif ication procedures. 

largely depends on whether resettlement is considered more as an 

emergency capital cost or as a development opportuni ty. When 

charged with the resettlernent , the hydropower developer has 

tended to v iew i t as sel f-contained social assistance, not as 

highly interactive component of integrated area development. For 

obvious financial and jurisdictional reasons, under this 

management the real area affected by hydroprojects is usually 
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misrepresented. The Tucuruí baseline study, for instance, did 

not define what was meant by the 'area of influence' of they 

hydroproject to which it applied. Yet the fact that 10 out of 

11 localities surveyed were situated within the actual reservoir 

area, and that all were the larger settlements, suggests a very· 

conservative understanding of what the disrupted area really 

might have been. 

Narrowly defined hydroproject impacts, in turn. directly 

constrain the calculation of people to be dislocated by the 

reservoir flooding. At TucuruÍ, all estimates referred solely to 

those subject to evacuation from the reservoir. Authorities were 

essentially concerned with people who would be legally entitled 

to indemnification. Even so, estimates varied considerably over 

a short period of time (1976-9), from 4,ooo to 17,000. All were 

probably lower than real numbers facing evacuation at the time 

estimates were made. (Hidroservice. 1977, I: 32-36. Goodland, 

1978:39 BASEVI, reported Q.... Liberal, 21/2/84 communication of 

Martin Coy. 12/4/84). Later figures were attempted, based on 

SUCAM field counts, which suggest an on-site population of 2s.ooo 

to 35,000 in 1980. (Mougeot, 1986: 406). 

However, none of these estimates considers the people 

living outside the flooded area but near the planned reservoir. 

who could have been seasonally dependent on river-based resources 

and employment for their subsistence. Some of t he se we re 

probably seriously affected. even being forced to change 

residence as a result of impoundment, as observed at Sobradinho 

Reservoir in Brazil's Northeast. (Sigaud. 1984: 46-51). 
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At Tucuru(, before impoundment, riverine islands were 

periodically submerged by the Tocantins and were being planted 

with subsistence crops by temporary settlers in the low water 

season. The high-water baseline survey was confined to 

riverbank settlements. It does not seem to have accounted, nor 

were the resettlement sites implemented initially, for those 

use rs' needs. A section of the west-bank Parakani area which 

was expected to be flooded. was expropriated and evacuated. 

However. only part of that section was effectively flooded and 

remaining tracts. instead of being handed back. were retained to 

reset tle colonis ts. thus denying the Indi ans thei r prev iousl y 

direct access to the river. 

Aspelin and Coelho dos Santos (1981:13-4) suggested a 20 

km-wide lake perimeter as the area likely to be most af fected 

directly and indirectly by reservoirs in Brazil. Remarkably. at 

Tucuru(. all preferred resettlement localities, except one. were 

located within 15 km of major settlements which were expected to 

be flooded. These sites were possibly preferred because they 

were well known to the people and part of their activity space. 

Of cour se . the quoted radius only affords a crude ya rdstick of 

the immediate area which might be affected in any particular 

situation. However, the order of magnitude is of interest and , 

in any case. this should be verified. through sampling surveys on 

the activity space of representative communities within lS-20 km 

of the margins of future reservoirs 
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When resettlement is viewed as a hydroproject 

responsibility, the population effectively disrupted is likely to 

be undercounted. The real displacement costs and opportunities 

are also likely to be underrated or overlooked. The probable_ 

result is that large numbers of officially enumerated displacees 

end up being poorly benefited by resettlement. The mor e 

destitute groups are excluded through such a legally correct but 

inappropriate approach. This approach further selects from 

enumerated displacees those entitled by law to sorne compensation, 

and, then. from these. those with right ot assisted resettlement. 

Particularly in underdeveloped regions, as at Sobradinho (Sigaud. 

1984: 22) and Tucuruí. groups have, in this. way been excluded 

from fair settlement, and rnake upa large share of the officially 

enurnerated population .• 

This is because indemnification criteria and procedures, 

though legally consistent, can be notably unsuited to the locally 

pr evail ing land tenure and agr ar ian econorny. In the Tucuru{ 

reg Lon , for instance. only 2 o. s percen t of the 4,334 pro per ties 

surveyed by Hidroservice (consultancy firm) had any property 

title and 44 percent were minifundios (small agriculturla 

holdings). Non-proprietors were granted cash compensation for 

building and land investments. 

On the other hand, proprietors were given the option of either 

some cash compensation for possessions ~ with rights to a new 

house/tract of La nd at an official resettlement, or a larger 

c a s h compensation # without assisted resettlement. These 
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official permanent-ownership title is the necessary and 

sufficient proof. entitling its bearer to land compensation and 

(2) a one-time market value assessment of investments into, and 

returns frorn. land privately occupied or owned fully accounts for 

losses incurred by expropriation. 

Currently, in Brazilían Amazônia. such assumptions poorly 

suit the reality of riverine settlements. Here an agrarían 

economy still prevails: there is social control. but largely 

devoid of legal documentation. For instance at Tucuruí. Tauiry 

inhabitants cultivated in common some 260 ha of land (Biery 

Hamilton. 1987: 20). But the Tauiry system does not limit 

i tsel f to d ryground croplands. I t also embraces: turtl e 

breeding beaches. seasonally-silted island, leve e and marginal 

floodlands. dryground wild-fruit/nut stands, timber/firewood 

supplying gallery forest. placer-mining sites. hunting and 

fishing grounds along marginal lakes. marshlands and tributaries. 

It depenas heavily on a series of natural products seasonally 

available in land, air and water environments. largely exceeding 

individually or collectively farmed tracts of land. 

As could be expected from indemnification procedures 

originally applied. most of the reportedly 4,000 families 

displaced by the Tucuruf Reservoir were granted limited 

individual cash compensations only. Even in these terms. fair 

indemnification was hindered by untitled properties, 

falsification, deficiencies and delays in updating records, and 

land squatting by outsiders in the early 1970s. Measures to 
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normalise land tenure, in years preceding indemnification, were 

also evidently phased down in pace and extent to limit 

disernbursements. The acquisition of permanently titled estates, 

as opposed to provisionally or unti tled Land , entailed sha r p l y 

higher costs for the hydroproject owner. Numbers and extent of 

the former would very much affect the amount of resources to be 

set aside for cash compensation and resettlernent. 

As a result, and despite longstanding occupancy, most 

tracts on the western margins of the Tocantins, to the north and 

between km 110 and km 1S3 of the BR-230 highway, had not been 

issued permanent ownership by the time land assessment surveys 

were carried out. This, in part, was to limit expropriation 

expenses and contradicted an early decision. reported in Goodland 

(1978: 39) that the right of possession would be respected. 

(Mougeot, 1986: 407). 

Collective resettlement should be more appropr iate t h an 

individual cash compensation in Brazilian AmazSnia, where socio 

economically vulnerable groups predominate. For one thing, fair 

cash compensation rates and policies have been difficult to 

establish, dueto valuation factors involved and conflicting 

opinions on valuation. Misreporting can also occur and it is 

difficult to verify when this has occurred. When based on 

assessed values. compensation rates usually undercut real market 

prices. and even when they do not, seldom enable evacuees to 

acquire land or livelihood of comparable value. More often, the 

compensated fail to recover their former living standards without 

Loa s , (Lightfoot. 1981: 101) •. Also. externalities unforeseen or 
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difficult to quantify are not taken into account, such as: mass 

relocation-induced pr í ce inflation of land a nd other goods and 

services. maintence expenses caused by delays in compensation 

payments or reaccommodation, and misappropriation of benefits. 

Low-income groups tend to be particularly affected by 

such externalities. It was observed at Thailand 's Huai Luang 

Reservoir CLightfoot, 1981: 103) and at Tucuruí that 

expropriateees with more personal savings and/or larger 

indemnities were able to anticipate land price rises and to 

secure the better and more accessible tracts of land, in the 

Tucuruí" case at the Nova Jacunda resettlement. (Mougeot, 19 86: 

412-413). On the other hand. the majority who are ineligible 

for assisted resettlement receive small cash compensation. When 

seeking new accommodation or subsistence. they become 

particularly vulnerable to profiteers. 

This risk can also be faced by expropriatees entitled to 

assisted resettlement. when there are long delays be tween cash 

indemnif ication and actual relocation. The risk grows when no 

food relief or payment adjustment are implemented. as was the 

case at Tucuruí. Here. as at the Huai Luang Reservoir (Lightfoot, 

1981: 101-102). clandestine trading of compensation/resettlement 

rights at discount prices was already considerable three years 

after compensation. at rural and urban resettlements released in 

19 8 1 • ( Mo ugeo t , 19 8 6 : 41 3 > • 
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In Brazilian Amaz~nia, the appropriate siting of 

sufficiently large areas of landholding granted as compensation 

will be crucial to the readjustment of rural populations who 

depend on agrarian activities, as opposed to non-farming 

popu La t í.o ns , (Gajaran, 1970). Total areas required will vary 

according to the numbers to be resettled, but unplanned would-be 

resettlees could exert pressure on the carrying capacity of areas 

reserved for those officially entitled. However. as part of 

integrated area planning,provisions can be made to anticipate and 

curb unwanted inmigration at resettlement sites. (Leistritz and 

Murdock, 1986). The size of individual lots should account for 

various household sizes. (Lightfoot. 1981: 111 Koklu, 1982: 

19) • 

Also. the need for contiguous expanses of land, mainly to 

preserve community cohesion, should be verified rather than 

assumed, since acquisition may, otherwise, entail unnecessary 

expropriation costs. Typically, however, riverine communities 

displaced by impoundments prefer alternative locations with 

similar locational and resource -base qualities/opportunities to 

those they are required to evacuate. (Eidem, 1973: 735 Afriyie. 

1973: 717 Lightfoot# 1981: 105 Mills-Tettey, 1986: 31). 

Failure to ac count for people 's pr ef erence s may threaten post 

reset tlemen t community resilience or stimulate counter-productive 

self-resettlement initiatives. Self-relocating popula tions rnay 

face the need to relocate again, as will be the case at Tucuruf# 
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where it is planned further to raise the reservoir's current 

storage capacity. 

Resettlements have rarely secured sufficiently large 

areas at those places initially preferred by communities as 

relocation sites. The main reasons are: scarcity of land 

available at affordable expropriation costs, land-use and health 

risks posed by post-impoundment environmental changes. conflict 

with expected site requirements /areal impacts of other planned 

developments. Dueto land scarcity in densely occupied regions, 

long-distance resettlement of people uprooted by reservoirs is 

likely to increase. Some ten thousand families displaced by 

West Java's Saguling Hydroproject may need to be 'transmigrated' 

to Sumatra, Sulawesi or Kalimantan. (Otten, 1986: 231). 

In Brazil the sarne problem has already hindered sensible 

solutions outside Amaz~nia, as epitomized in Paraná state by the 

need for many Itaipu Dam-displaced families to relocate atone of 

their cooperative's colonization schemes in Amazônia. (Branford 

and Glock, 198,: 90-91). The problem is growing in Amazinia as 

well. 

With a view to integrated area development, timely 

feasibility studies may not only permit resettlement managers to 

curb the problems just mentioned and better to account for 

people's preferences than is currently the case. They can also 

prevent planners from devising seemingly responsive but 

misinformed solutions. which may prove detrimental later on. More 

importantly, such studies can suggest opportunities both to 
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planners and prospective resettlees. By articulating 

reset tlement site requi rements wi th those of othe r compat ible 

local developments, costs may be curbed and benefits expanded. 

Resettlernent proposals which neglect this potential not 

only miss opportunities, but can be prevented from materialising 

as well. At Tucuru{. communi ties consulted du r ing baseline 

s urveys, quite unders tandably. s uggested r esettlement solutions 

preserving their territorial cohesion and access to river 

resources. Accordingly. the proposal network included 10 new 

sites. of which eight were rural and were located upstream of the 

Darn near the projected reservoir shoreline and close to existing 

cornmunities. But this proposal was, in reality. altered 

substantially. in terms of nurnbers, location and execution time. 

Fewer rural sectors (S) and more urban centres (6) have actually 

been created, most well away from the reservoir shoreline. 

Most rural sectors have been partly or rnostly settled by families 

not displaced by the Reservoir. while rnost of the six urban sites 

have been located at pre-existing settlements. More 

irnportantly. tracts of farmland were made available to resettlees 

much !ater than were the urban lots. and generally were located 

at some distance from the latter. The pattern finally arrived 

at has. thus. concentrated formerly fairly isolated. small, 

riverine rural communities practising a subsistence econany, into 

fewer and larger roadside towns. located in dryground areas 

remote from the lake and suitable farming plots. in regions now 

undergoing intense population growth. 
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The key obstacle to the execution of the proposed siting 

stems from the resettlement's subordination to the hydroproject's 

own f und í n q , jurisdictional and timing prior ities. These 

priorities did not always coincide with those of the siting 

proposal and, in fact. modified it substantially. One problem was 

the then (1976) underdeveloped road network within and around the 

future lake. This is likely to be a recurrent problem at 

future reservoirs in Brazilian Amaz$nia. 

At Tucuru{. many road sections would have had to be built or 

restored on both margins of the Tocantins to meet plan needs. 

But road construction has actually proceeded to suit primarily 

the needs of the hydroproject's engineering works. One 

contributing factor was restrictions imposed during project 

implementation by externa! funding agents. on the amount and rate 

of investments originally scheduled for the hydroproject itself. 

This induced the power company to reallocate spending. soas to 

promete productive investments. while downgrading/putting off 

assistance items. such as resettlement. 

Consequently. on the site of the future reservoir 

highway, maintenance not vital to the hydroproject was phased 

out. This affected directly the more settled. western river 

margin- with few access roads opened between established 

communities and existing roads and localities where the 

communities were to b· !Vacuated. At th~ sarne time. service 

roads were being built .m the less-peopl northeastern river 
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març í n , to permit selective clearing of timber from the area to 

be flooded. 

On future reservoir mar ç í.n s , road detours. required on 

the western banks by the reset tlemen t pr opos al an d to suppor t 

local trade, were built long after those which had been extended 

and upgraded on the eastern banks, to transport supplies to the 

dam site and to service construction/maintenance of high-voltage 

transmission lines. 

The overaJ.l result was that rural and urban resettlernent 

sites proposed near the reservoir, rnostly on its western shores. 

were finally sited further away and to the east of it, on unused 

tracts of dryground estates already expropriated for the passage 

of transmission lines and road. Together with the downward 

reassessment of probable reservoir flooding levels and late road 

opening in the recovered lakeshore area, site alternatives would 

afford resettlement cost contention through fuller occupancy of 

acquired lands. It also released the northwestern lakeshore lands 

to large ranches, in convenient reach of the new roads. the lake 
~ and the town of Tucurui. 

The siting of resettlement should be planned as part of a 

multiple utilisation plan for the watershed, or even the 

reservo ir reg Lo n , At Tucuru ( this could have been done. 

Instead. studies for each purpose were conducted by dif feren t 

consultancy firms at different times. In 1985, when most of the 

reset tlement had been largely implemented, g round su rveys. 

designed to assist in resettlement, were still under way. and no 
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plan was to be approved until late 1987. Consequently, 

resettlement rnanagers had little assistance in identifying and 

evaluating alternatives, o r to adjust those irnplemented to 

interact with other local developments. Such existing or 

possible cornpatible/competing local developments are many: 

official agricultura! colonisation and land reforro schemes on the 

western margin of the reservoir and upstream at Carajas 

industrial estates a t the southe rn and northern extremities of 

the Reservoir private logging and catt. ranching concerns in its 

vicinity lake fisheries and related ~ctivities at lakeshore 

towns drawdown and dryground agriculture. as well as other 

labour-intensive and profitable activities. for which training 

and management could be pr ov í ded , to utilise in a sustainable 

manner. protect. and monitor the new lake environrnent. 

Resettlement planning has been poorly integrated with 

other local developments and , when this cccu r s , it can generate 

avoidable costs and losses. and fail to attract potential 

benefits. At Tucuru{, one unnecessary loss was the partia! 

flooding and, subsequently, entire deactivation of the Instituto 

Nacional de Coloniza.rãº e Ref orrna Agrar ia <INCRA)' s Mar aba 

Projeto Integrado de Colonizagão (PIC). A federal body was 

allowed in the late 1960s to p Lan , and throughout the 1970s 

implernent. a costly colonis ation scheme, precisely in a reg ion 

which other federal agencies/bodies knew or strongly suspect 

would be at risk of being disrupted by a reservoir. Hydrological 

surveys had been carried out in 19S4, the THC was being planned 

at least as early as 1968 (much before the Marab, project was 
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established) and was approved in 1974. Intra-governmental 

m í scommun í.ca tions have caused unnecessary spending to reroute 

highway sections. and indemnify and resettle rural propr ietors. 

They probably precipitated the enàing of proper assistance to the 

sponsored agricultural scheme. 

On the western margins of the Tucuruí Reservoir. the 

flooding of highway sections caused at least 621 

colonists, possibly as many as soo. to be relocated. These 

people used to farm 100-ha plots of land between km 80 and km 180 

of the Marabá -Altamira stretch of BR-230 highway. INCRA began 

withdrawing from the scheme nearly two years before 

indemnification and, despite a five-year delay. which was to 

follow before entitled families could actually be relocated. 

Land titling procedures were halted in 1978. and. in late 1979. 

the colonisation project was released from INCRA's jurisdiction, 

though the reservoir would only begin to fill in late 1984. 

Originally • only farmsteads likely to be flooded lost 

INCRA's support but. by 1980. all the Maraba colonisation 

project' s 2484 rural properties and 70 urban lots had been 

released (i.e. abandoned without support), along the BR-230 to 

the east and west of Maraba township. and at 9g~i1ªã Cplanned 

rural service centres) Castelo Branco and Cajazeiras. In this 

way_ the colonisation scheme had lost access to POLAMAZONIA 

funds.which had proved vital to defray road maintenance. basic 

social services and land titling procedures. Also during that 
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period, practically all PIC administrative staff were transferred 

from INCRA regional headquarters at agrSpolis Amap~. in Mar aba, 

to a local branch unit of the Grupo Executivo de Terras do 

Araguaia-Tocantins ~ (GETAT), posted at Tucuru1. Not only losses 

would be incurred in dismantl ing this federal project to make 

room for another. 

10. KBA~ ABB ~R~ BBàL D~YBLQRBBB% Qf~QB%UBi?iB& ~QB 
fll'lUBB COJIPREQENSIVB .RBSl'r,rLEMBlrr 1 

Opportunities can be neglected frorn the onset, or they can 

be seized or created through compatible land and water use 

planning for the future reservoir region. At Tucuru!, disrupted 

farmers, at the very least, could have been informed and, if they 

so wished, should have been reaccornmodated at other colonisation 

schernes in the region. Costs, in this way, would have been spared 

to both hydroproject owner and resettlees. At Tucuruí, the 

gove rnrnental body in charge of execu ting rural reset tlernents, 

GETAT, was also engaged in colonisation schemes elsewhere in the 

region. Its social funds were then aimed primarily at Companhia 

Vale do Rio Doce (CVRD) 's colonisation projects at Serra dos 

Carajas. 

However, not only would Tucuru! rural resettlements receive 

comparatively less assistance than CVRD schemes. No support or 

encouragement was formally provided to reservoir expropr iatees 

for them to resettle at other agricultura! projects. In early 

1984. when evacuation of th~ Reservoir was in full swing, about 
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10 percent of the 520 colonist families at CVRD's schemes. 125 km 

southwest of the PIC Marab,. were reported by GETAT to come from 

the Tucuruí reservoir area. They had been admitted on their own 

initiative. without any assistance from the TRP. 

Above all, reservoi r-rela ted reset tlement can be nef it f rom 

interacting with wetland farming and f ishing schemes. As is 

often the case in Brazil, and elsewhere, resettlement is 

primarily in the hands of land settlement divisions and tends to 

be modelled on drygro und agr icul tural colon is ation schernes 

(Lightfoot. 1981: 104). More often. it fails to interact with 

other agrarian opportunities and needs. Similarly. narrow- 

minded resettlements were executed in the Ivory Coast, where 

land-use planning emphas ised sites dis sociated f rom the Volta 

Lake and where. as a result. va r í ous conflicts emerged between 

wetland farmers and fishermen. (Thomi, 1984: 11). 

More appropriate lake-based developments were achieved on 

the Ghanaian margina of the sarne lake at Kainji, Nigeria, where 

ir r igated fields, experimental farrns and rnechanisation proj ect s 

were gradually introduced. to upgrade traditional drawdown- 

cropping practices. (Lassailly-Jacob. 1983: 55). 
, 

At Tucurui, 

however, increased road accessibility has encouraged 

indiscriminate marginal and drawdown-logging. even in areas set 

as ide for conservation, whereas former subsistence r ive r users 

have been denied access to appropriate drawdown-cropping and 

lake-fishing practices. (Biery-Hamilton, 1986: 34 Mougeot. 1986: 

411 MPEG-CNEC, 1987). 
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In Brazilian Amaz$nia, occupancy t r ends which are gaining 

momentum are likely seriously to hinder, if not overwhelrn, 

comprehensive reservoir, not to say watershed, 

planning/rnanagernent. At Tucuru( since 1975, land concentration 

and forest clearance have proceeded rapidly on the reservoir 

margins, with deforestation evidently having gained mornentum 

after 1980. Since 1983, further clearings have been prompted by 

additional highway construction to the west, and by resettlement 

related feeder road develoJ;.1nent to the east, of the Reservoir, 

(Barrow and Mougeot. 1987: 22-27). In combination with rnining 

in tributary watersheds, expected massive industrial-fuelwood 

cutting and agrochemical-dependent agricultura! development 

upstream of Tucuruí, deforestation probably will increase soil 

erosion, reservoir siltation and pollution. (Mallas a n d 

Benedicto, 1986: 248-9 Fearnside, 1986b: 407-10). These 

trends, in turn. may pose serious economic and health risks to 

reservoir-dependent animal and human comrnunties. 

The most serious health risk to human communities in the 

reservoir region is endemisation of âkb.iat..Q.aQIDiã~iã mãll§Qni. 

The growth, drowning and rotting of vegetation over as rnuch as 

57,000 ha (between lake levels of 66 and 72 m) along some 3700 km 

of mostly dissected. gently sloping and shallow lake shoreline. 

has been observed to recur seasonally since 1985. (Junk and Nunes 

de Mello, 1987: 379). The natural acidity of lake waters could 

be reduced by this, by agrochemical/lime-contaminated runoff frorn 

marginal farmlands, and by urban industrial effluents• 
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On the reservoir margins, the application of lime and 

chemical soil correctives, insecticides. fungicides and 

pesticides is a recent practice. spreading very rapidly, and at 

an increasing pace . It is probably being favoured by comrnercial 

cash-cropping and cattle-ranching. Though no firrn census data 

are available, the pace of adopt ion of lime and agrochemicals 

suffices to suggest that agrochernical pollution and acidity 

reduction are almost certain in the reservoir and its 

tributaries. (Barrow and Mougeot, 1987: 27-30). 

If the natural acidity of lake waters were reduced locally 

and seasonally. the already very serious risk of ~iQt..QâQmi~Q 

becorning endemic could rnaterialise. This is because a number of 

other required conditions are already present at Tucuruí. 

Extensive growth of potentially snail-harbouring macrophytes 

1Sslvini.ã ã.Yl:~Ylãt.91 have been recurrent during rainy seasons at 

Tucuru í. Poten t iall y mil:ã,ÇidiAl.,Ç.e..tã,Çãlls.e.::.c ar ry ing sn ai 1 

species, ~i2mRhãlã~iã ~tãmin~a andai gl..sbeL~tg, existing in 

northeastern and southern Brazil, have been found in wetlands and 

tributaries associated with limestone outcrops to the east, west, 

north and south of the reservoir. (Goodland, 1978: 23-4), and B • 

.§Uminu individuals were col lected recently in the rese rvoi r 

area by ELETRONORTE-contracted INPA-MPEG researchers. CMougeot, 

1987: 3). 

Most migrant workers, attracted by dam construction 

activi ties. and migrant settlers. establ ished in the reservoir 

region before, during and after its creation. are known to come 

from the Northeast, where ~&~t2.§.WDã b~mat2.bi.wn and ~~ ~Qlli 
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from the Northeast, where ~~.t..Q.s.QIDa bae.m.at2b.i..l.lm and ~~ mªn.a.2n.i 

are widespread. (Weil and Kvale, 1985: 204). They could 

introduce the latter at Tucuru( to infect snails. This is 

suspected to have been the case at Lake Kariba (Weil and Kvale, 

1985: 204). If schistosomiasis were to become endemic. it would 

primarily affect users of the drawdown and littoral zones of the 

lake env ironment. Multiple ev idence suggests that infection 

rates would be particularly high amongst children, at the end of 

the rainy season, when water levels are high and snail host 

populations large r , the r isk being greate r at midday. when pe ak 

shedding of ~~ãtiae. by snails occurs. (Weil and Kvale, 1985: 

19 8- 9) • 

The success of programmes to prevent. treat, monitor. and 

control the disease in the reservoir region. would very much 

depena on local community participation. as shown by Chinese 

experience and suggested by recent studies in Kenya. (Szekely, 

1982: 239 Toomey. 1986: 8). In the near future. programme 

effectiveness might be enhanced. notably through eradication of 

intermediate hosts. the snails. using natural molluscicides. such 

as the African endod plant 1fh~tQl~~ã gQ~~ãwiLã.l• (Mkamwa. 

1986: 9). 

Proper siting of resettlement at minimal distance f rom the 

lake shoreline can also r educe infection r isks, as observed a t 

Ghana's Kpong Reservoir. (Derban. 1984: 15). Most crucial. would 

be adequate sanitation and public education. Othe r diseases 

which may b e introduced or increased and affect local 

populations, resettled or not, have been discussed elsewhere. 

58 



They include: yellow fever. Chagas disease. river blindness. and 

bubonic plague. (Barrow and Mougeot. 1987: 30-4). Also, 

specimens of five potential phlebotomous vectors of l~~ãn.i~iâ 

have been collected in the reservoir region by INPA-MPEG 

researchers. (Mougeot. 1987:3). 

Agricultura! pollution may affect the diversity/productivity 

of farming and fisheries. Research in Nigeria on pesticide 

application shows that it can considerably harm soil fauna. 

particularly detritivores. which play a key role in soil dynamics 

(organic matter decomposition and nutrient cycling). This could 

be related to crop yield declines and. in the long run. may 

jeopardise the soi 1 system 's capacity to recover producti vity 

under fallow. (Perfect. 1981: 21). There was a real risk of 

massive f ish kills at the Sobradinho Reservoir in northeastern 

Brazil. at the beginning of the rainy season in late 1987, as a 

r eau Lt; of indiscriminate applications of pesticides and other 

agrochemicals to drawdown-area onion crops. (Q L.ib.e.~âl.. 28/11/87: 

24). 

When developed within integrated reservoir/watershed 

management. rural resettlement can further the local communities' 

well-being anda hydroproject's profitability in many ways. 

Intensive tropical forest management began to be urged worldwide 

in the 1960s and was revived in the late 1970s (Spurgeon, 1987: 

6). as part of a diversified approach to watershed management in 

many tropical ri ver basins. (Russell- 1981: 13-5). This now 

involved technically possible and economically sound, labour- 
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intensive land use systerns. ranging from natural forest 

managernent to productive afforestation of degraded lands. as in 

Ghana. (FAO et.al., 1987: 17). It can also m a k e use of 

slightly rnodified. traditional shifting cultivation 1.t.ã.U.ll.9~ª1...a. 

afforestation with indigenous/exotic species. cornbined with 

perennial cr ops or nut/fruit trees. or with carefully managed, 

short-season, arable crops. (Kunkle and Dye, 1981: 104-S). 

In Brazil, sorne agroforestry practices have been encouraged 

on the eastern shores of the Itaipd' Reservei r (vis ited by the 

author in rnid-19 87). However. as in any watershed undergoing 

rapid settlement, programrnes need to be implernented swiftly and 

extensively, to curb erosion and siltation to any significant 

extent. It is only through massive programrnes that floods have 

be e n moderated, sedimentation rates lowered, and water 

availability and crop yields increased in India's Damodar Valley, 

and that the life span of Pakistan's Tarbella and Mangla 

Reservoirs may be extended. (FAO et.al •• 1987: 9-10). 

In reservoir areas. possible water-based alternatives 

include wetland/drawdown agricultura! uses, through chinarnpa-like 

systems of flood-tolerant cropping. suited for dryground-crop 

rnanure/compost. and/or highly productive. high-protein-content 

and disease-resistant aquatic and semi-aquatic grasses/herbs for 

cattle fodder. Fish farrning and the productive rnanagernent of 

aquatic fauna have also been experimented within such drawdown 

areas. (Klinge et.al •• 1981: 26-8). Now widely used in many 

tropical countries. enclosure aquaculture can cost less than 
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stocking/managing large hydroelectric reservoirs with wild fish 

stock. Some suitable species are known to be little disrupted by 

seasonal reservoir-level fluctuations. (Powles, 1986: 18). 

At Kenya' s natural Lake Victoria, f ish-ca tch marketing and 

processing provide important work opportunities for women and 

children. More equitable local income distribution is being 

sought through increasing fishermen cooperatives' involvement 

with such activities. (Prazmowski, 1987: 13). Here, as at man 

made reservoirs, processing and transporation to markets can be 

upgraded to increase fish-product value and sales, but at 

reservoirs some costs can further be curbed through appropriate 

resettlement siting. At reservoirs with extensive drawdown 

areas, as will be the case in lower reaches of Amazonian rivers, 

large quantities of invertebrates, straned by receding waters. 

can provide a rich source of protein for productively-managed, 

drawdown-feeding wildlife. This may be preferred to intensive 

ca ttle-grazing. By releasing nutr ients (phosphate, ammoni a) 

through defecation and urination, the cattle may boost flood 

related phyto and zooplankton growth, thereby increasing 

waterborne-disease r í sks , as observed at Lake Kariba. (Ramberg 

et.al •• 1987: 314,319). 

In areas where land and water-based uses just discussed have 

been implemented. the participation of local populations has 

proved crucial. 

Amaz8nia as well. 

This is likely to be the case in Brazilian 

Concerning agroforestry, low-cost nurseries 

run by local residents. where trees need to be planted, have been 
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Different users can, and should, be made to join efforts, in 

order to enhance results. 

In Mexico, private estate owners and subsistence farmers 

collaborate to protect reserves and cooperate with scientists to 

improve land uses in their vicinity. Measures can be taken to 

finance and encourage the adoption of such practices. In Nepal. 

wages are being paid to tree planters over an initial period. In 

Colombia, a tax on the sale of electric power from large 

hydroprojects is to promote proper watershed rnanagement. In 

Zambia, workers on an industrial tirnber plantation are given 

forest and sawmill residues, which they use to produce charcoal. 

(Perry and ní xon , 1987: 43-4 FAO et.al., 1987: 9,10,14,19). 

Indigenous populations can play an invaluable role in 

integrated area development. as much in Brazilian Arnaz$nia as 

they have done elsewhere in the world. Panama' s Cuna Indi ans 

have been working with national and international agencies to 

develop multiple-use are as and tropical f orest reserve 

managernent. They also have been engaged in environmental 

education programmes and in research on traditional agroforestry 

(FAO et.al •• 1987: 22). Native Amazonian people can indicate to 

planners unthought, low-cost, and environrnentally sound rnethods 

to exploit specific environrnents. 
. ..• ..• 
Sou the rn Par a 's Kayapo ar e 

now known to possessa remarkable ability to create and 

manipulate rnicroenvironments, within and outisde natural 
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ecozones, in order to increase biological diversity and sustained 

productivity. 

Techniques include cultivation of forest islands and use of 

pest biocontrols. Also, the Kayapo's reliance on herbal medicines 

bas led them to develop very elaborate pharmacological 

classifications of plants and of the diseases at which these are 

aimed. The Indians' categories and treatments of fuelwood 

species are equally complex. (Posey, 1987: 9 8, 100-3). This 

practical practical knowledge is obviously pertinent to the 

sustained and socially beneficial utilisation of reservoirs and 

their vicinity. Participatory strategies to impoundment-related 

assisted resettlement not only can better respond to traditional 

strengths and capabilities of local populations. They also can 

avoid destroying their productive ecological adaptations and ways 

of life. (Babcock and Cummings, 1984: 23). 

11. CQNCLUSIQR 

Qver the next decades, Brazil will probably experience some 

of the largest population dislocations ever associated with 

hydrodevelopment in the humid tropics. A strong case can be 

made for the comprehensive resettlement of populations which will 

be disrupted by future hydroprojects and related actions in 

Brazilian Amazênia: (a) the country possesses a well-established 

programme to tap the energy potential of this region's river 

system • Cb) This programme will predictably displace not only 

large population numbers. but communities requiring 

differentiated, assisted resettlement. (e) The programme is the 
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first to make use of Amaz~nia's natural geo-units for spatially 

integrated development: its river basins. 

Comprehensive assisted resettlement could ensure tbat local 

communities are satisfactorily involved in developing the 

resource potential created by hydroelectric schemes. It ccui d 

also ensure that nothing is overlooked which will be required for 

the proper functioning of these projects. When devising a 

strategy appropriate to regional needs. Brazil can benef it much 

from similar experiences in other tropical/humid tropical 

regions, where sizeable populations have been displaced by large 

reservoirs. 
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