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Overcoming myths _about soil and water
impacts of tropical forest land uses

Lawrence S. Hamilton

In many developing countries forest land use policies are predicated on
the forest's assumed effects on certain watershed hydrologic characteris­
tics and soil erosion control and sediment reduction benefits. In some
cases there is scientific basis for these assumptions, but others are based on
folklore, myth, or misinterpretation of research.

It seems desirable to shed some light on a few of the hydrologic and soil
functions of forests in a watershed/land use context and to reveal at least
some of the "four Ms"-myth, misinterpretation, misinformation, and
misunderstanding-about the effects of using or converting tropical forest
lands. For example, it has been suggested that cutting of rainforests will
result in desertification. There is no evidence that rainfall will decline to
the point where the area becomes arid. It also has been suggested that
reforestation or afforestation of nonforested lands, including extensive
grasslands, will cause higher well levels, renewed spring flows, and in­
creased low flows in streams. All evidence from temperate zone research,
however, indicates the reverse. Is this research inapplicable to the tropics,
or are policymakers using the wrong arguments for the right reasons?
Does it depend upon how badly the land was abused prior to planting?
Floods in the lower stretches of major rivers, for example, the floods in
Bangkok and New Delhi, are blamed on tree harvesting or shifting culti­
vators in the uplands far away. This relationship has never been proved.
But could it still be correct and therefore a basis for land use policies? Yes,
it could be. But it might partly be that urban people refuse to look at their
own actions in floodplain occupancy, channel constriction and alteration,
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and the effects of such important sediment producers as roads in the upper
watershed.

I would like to discuss some policies that have been advocated based on
supposedly sound soil or water conservation rationales, but which in fact
have little, or worse, a countervailing, scientific basis. It is important to
bear in mind, however, that lacking good information it is better to err on
the conservative, conserving side.

Cutting reduces rainfall?

Many conservationists advocate that we save tropical forests, particu­
larly tropical rainforests, because cutting them will convert the areas into
deserts and create droughts. The World Wildlife Fund/International
Union for the Conservation of Nature and Natural Resources (IUCN)
Tropical Forests Campaign was initiated in October 1982 at Bali in In­
donesia. It suggested that following logging the "land of green gold" is

I turned into "useless desert" and that "take away the trees and you get
withering drought in the dry season" (33). Suggestive of the same thinking
was the title of a fine and influential book, Amazon Jungle: Green Hell to
Red Desert? (14). The leader of the Tree Hugging Movement (Chipko) in
India has claimed that forest cutting results in drought (32). Sharp and
Sharp (30) claimed that "deserts can develop with great speed even in the
heart of a tropical jungle." In these cases there may be some slippery
semantics in the words desert and drought, but a dictionary suggests that
a desert is "arid land with insufficient precipitation to permit plant
growth" and that a drought is "lack of precipitation or moisture." It is
hard to see how a tropical moist forest area receiving upwards of 1,800
mm/yr of rain can be converted into a desert by logging. True, logging
followed by fire and conversion to abusive agriculture or grazing can
result in degraded wasteland, but deserts do not follow logging.

Pereira (24) synthesized research on forest influences showing little or
no relationship between presence or absence of trees and the precipitation
falling on that area. Yet the idea persists that cutting forests reduces local
rainfall. I, indeed, have encountered folklore to this effect, particularly
among banana growers in Central America and policymakers in South
Asia. Some recent work in the Amazon basin, however, does indicate
that, for this large area with its unique hydrometeorology, a forest does
regenerate some of its own rain (28). Possibly, therefore, large-scale and
permanent deforestation (not just logging) could reduce or alter rainfall
in parts of the basin. l Salati's latter speculation has not yet received ring-

ISalati, E. 1981. "Precipitation and Water Recycling in Tropical Rain Forests with Special
Reference to the Amazon Basin." Unpublished paper, presented to workshop at Centro de
Energia Nuclear na Agricultura, Piracicaba, Sao Paulo, Brazil. 12 pp.
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ing scientific endorsement, but a prudent policy should definitely err on
the conservative side until more is known.

Saving complex tropical lowland rainforests from the logger is indeed a
w~rthy cause and I devote a substantial portion of my time to attempting
thIs \15, 16). Ther~ are many compelling, scientifically sound, and philo­
sophICally rewardmg reasons for preserving a large amount of our re­
maining primary tropical rainforest. But fear of reduced rainfall is not
one of them.

There is one exception. In certain physiographic situations, for exam­
ple, .in coastal fog belts or at high elevations characterized by frequent or
perSIstent clouds, forests can capture and condense atmospheric moisture.
This so-called "occult" precipitation adds to the effective moisture re­
ce~ved by the area, possibly representing a substantial percentage of total
raInfall. For example, in Hawaii such precipitation represented an extra
760 mm above a nonforested 2,600 mm of rainfall (12). Cutting forests
results in loss of this occult precipitation, although it is restored as the for­
est regrows. If the area is converted to another use, this moisture is re­
moved from the water budget of the watershed, including water outflow
from the immediate watershed (34). Saving the cloud forests and fog for­
ests makes good hydrologic sense.

Cutting reduces water supplies?

There is a widespread belief that logging tropical forest watersheds has
caused w~lls, springs, streams, and even major rivers to cease flowing, at
least durmg the dry season (11, 30). Policies to set up protection forests
that m~y no~ be cut are being advocated because of a supposed "sponge"
effect, m whIch roots soak up water in the wet periods and release it slow­
ly. and evenly in the dry season. 2 It is difficult to reconcile such policies
wIth small watershed cutting experiments that almost universally have
found increased total water yields over the year, with the greatest pro­
por~ional increases usually in the low flow months. Bosch and Hewlett (3)
reVIewed 94 controlled-catchment studies and reinforced this relation­
ship. They also indicated some predictive quantification as to the amount
of increase. Moreover, most cutting experiments have shown increases in
groundwater levels (4).

Perhaps some of the dilemma arises because of semantics. The catch­
ment experiments involved forest cutting and logging, not conversion of
the land to another use, such as grazing or annual cropping. The real-life
problem in the tropics is that forest cutting is often the precurser of land
conversion. The term deforestation, which is often used, may refer to the

2Roots more appr~priatelymay be labelled a "pump" rather than "sponge." They certainly do
not release water In the dry season, but rather remove it from the soil.

sequence of logging, clearing, and then unsustained agriculture or graz­
ing without soil and water conservation. If compacted surfaces with
intervening and frequent gullies are the end result-and one finds such
landscapes all too commonly in the upland tropics-then lower water
tables, less· reliable springs and wells, and lower dry season flows in
streams may result. There are, unfortunately, no large-scale, long-term
experiments to support this intuition and professional judgment. Correla­
tions between land area deforested over time and reduced streamflows are
not cause and effect, although authors have claimed such a relationship
using such statistics.

One problem is that most controlled watershed experiments are in the
temperate zone. The few reliable tropical paired catchment experiments
that do exist, however, do not indicate any different results.

There are valid reasons for establishing totally protected watershed for­
ests with no forest harvesting permitted. But concerns that cutting alone
results in dry wells and springs and ephemeral streams where perennial
streams once prevailed does not have a scientific basis. Conversion and
subsequent land degradation on a large scale is a different story.

Cutting causes floods?

There is indeed an intuitive feeling, based on some scientific evidence,
that forest cover on a watershed does offer the best guarantee against local
flash flooding. However, I become somewhat uneasy when I hear such
statements as "forests guard against flooding" (13) because persons saying
this are referring to major floods on large rivers. Beliefs in such statements
about the hydrologic safety of forest cover are misinterpreted to mean
that forests cutting causes major floods.

Thus, monsoon floods in the Ganges and the Indus, which have always
occurred, have been attributed to upland tree cutting (32). Openshaw's
statement that "the principal cause of the recent floods in the Indian sub­
continent was the removal of tree cover in the catchment areas for fuel­
wood" (23) was repeated at the 1978 World Forestry Congress (1). In the
Philippines, following the great Agusan flood of 1981, the state minister
placed "30 percent of the blame on logging of headwater forests," even
though "flooding is an annual event, and major floods are expected about
every 20 years" (7). There followed in the same newspaper an interview
with a top official in the Philippine Bureau of Forest Development on the
subject of actions by that organization to control logging and encourage
reforestation (7). Sharp and Sharp have suggested that "overlogging is
now officially recognized as the cause of last July's severe flooding of the
Yangtze" in China (30). -

Are these concerns about forest cutting and floods valid, or are they
misinterpretations of research findings? Are people looking for a scape-
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goat because floods have always occurred, but damage has increased be­
cause of greater floodplain occupancy, greater channel constriction, al­
teration by human structures, and more roads and ditches that speed
water on its way downhill?

Findings from paired catchment research in which one catchment has
been logged usually, but not always, show greater stormflow volumes,
higher peakflows, and earlier peaks in streams emanating from the logged
area (9, 27). Flooding may increase close to the area cut. But as water
moves down a major river basin, this effect is quickly reduced to insignifi­
cance amid other more important processes, such as the nature and inten­
sity of the precipitation, the direction it moves across the basin, and the
size and morphology of the basin. -.

Hewlett (18) examined the evidence worldwide from forest watershed
research and reported that there was no cause-and-effect relationship be­
tween forest cutting in headwater areas and floods in the lower basin.
Even if a whole basin were under a forest harvesting regime, normally it
would not be logged off all in one year. Those portions that are logged
quickly return to a prelogging hydrologic regime as the forest regenerates
and full canopy is restored, even though it is young growth. Moreover, a
substantial part of this stormflow and peakflow effect is due to poorly de­
signed and located roads, skid trails, and log landings, all of which speed
water off-site. Thus, proper conservation logging can reduce even small
effects on upstream flooding. Major floods occur because too much pre­
cipitation falls at too great an intensity or over too long a time, beyond the
capacity of the soil mantle to store it and the stream channel to handle it.

These arguments again refer to the impacts of forest harvesting on
floods, not on the effects of forest harvesting followed by conversion to
agriculture and grazing and subsequent land degradation. Suchdegraded
areas, encompassing whole river basins, may indeed aggravate flooding
and be one of the causes of serious flood damage. However, if converted
to controlled grazing land or agriculture under a sound soil and water
conservation regime, such land use in watersheds should no more cause
floods than careful forest harvesting.

Shifting agriculture causes erosion and reservoir sedimentation?

The press, environmentalists, politicians, and even land use profes­
sionals have condemned shifting agriculture as the cause of most environ­
mental problems in the tropics-except for those caused by foreign log­
ging companies, America's insatiable appetite for McDonald's ham­
burgers, and illegal trade in endangered species (13).

Eliminating primary tropical forest is an inevitable consequence of
shifting agriculture that does have serious policy implications. Aside from
this, however, the ancient land use system most specifically has been tar-

geted as the cause of massive erosion in the uplands and accelerated rese~­
voir sedimentation in the valleys, as reported for the Ambuklao ReserVOir
in the Philippines (5).

I believe misinformation, in pointing the finger of blame at shifting ag-
ricultures, such as swidden, kaingin, milpa, conuco, jhum, bush fallow,
or slash-and-burn, is partly semantic. In its traditional form, shifting
agriculture is applied to a system of forest cutting, cropping, and .fallo,:­
ing that was sustainable because the cultivator was a long-term reSident m
one place who rotated cropping in the surrounding areas. The fallow
period was long enough in secondary forest to permit rebuilding of the nu­
trient budget on one site prior to its being cut, and usually burned, for the
next cropping period. .

With relatively low population densities, low technology, and a subSIS-
tence economy, these were stable systems-ecologically well adapted to
the tropical environment. Even on fairly steep slopes, the small amount of
soil disturbance that occurred during planting and cultivation accelerated
erosion only slightly. The area cultivated at anyone time, typically less
than 3 percent of the total area, in relation to the mosaic fallow area also
meant that any soil moving from the cultivated area usually was trapped
by the fallow. Stream sediment levels did n.ot increase ~ecessarily .in
response to shifting agriculture (17). Many trIbal peoples. I~ the ~rop~cs
still practice this stable system. But they represent a declImng, mmorIty
compared to a more recently developed unstable system that IS also re-
ferred to as "shifting agriculture."

The new system is an outgrowth of increased population pressure, land-
lessness, increased technology, and a shift to cash cropping rather than
subsistence. These new shifting agriculturists are indeed true shifters or
migrants. The move into a new area, clear large blocks by slash-and-burn
methods cultivate the land until it is worn out, and then move on to a
new are~. The distinction between these systems has been clearly identi­
fied by Watters (31) and by Kundstadter, Chapman, a~d Sabhasri (~O).

These shifting agriculturalists are, in essence, perenmal new colomsts,
attacking the edge of the pristine forest and leaving behind degraded land
that has suffered serious erosion because soil conservation methods are not
part of the strategy of the landless and poor. Moreover, because there
seldom is a mosaic of uncut forest and fallow patches of scrub, much of
the eroded soil moves into stream channels as sediment and causes a host
of adverse consequences. The legacy left behind is that of degraded lands
that recover only slowly to grow species-impoverished forests and eroded
material that has disrupted stream channels, aggravated flood problems,
and reduced reservoir storage capacity.

It is inappropriate to group these two different systems under one blan-
ket term and to attribute the well-documented environmental problems
of one system to both. This has had disastrous consequences for tribal
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Reforestation or afforestation is a panacea for water problems?

Many people are' advocating large-scale reforestation or afforestation
programs on tropical watersheds. Such programs are being carried out to
some extent. As a strategy to establish "wood factories" to meet fuel,
timber, and wood product needs, this makes sense. Hopefully, it can re­
lieve pressures on remaining areas of natural forest. Moreover, as a reha­
bilitation device, to make unproductive lands more productive, to min­
imize erosion, and to rebuild nutrient budgets, such efforts are well con­
ceived. Problems occur, however, when the clarion call goes out that after
planting trees rainfall will increase (droughts cease); springs, wells, and
streams will flow once more; and floods will be prevented.

In most respects, putting trees back on open land, reforestation, or
planting them on areas long without or never with forest, afforestation,
produces the opposite effects of tree harvesting. I have discussed the ef­
fects of forest cutting, but will summarize those effects again in terms of
their reverse effects.

There is no evidence that planting forests increases rainfall, -except in
those physiographic-special cases of fog or cloud capture of moisture. In
those circumstances, forest establishment may result in additional effec­
tive precipitation, which under many geologic and soil situations will in­
crease groundwater and baseflow. While this does not influence local or

grazed and unburned grasslands. In actual practice in the tropics, any
grassland area likely will be grazed and usually overgrazed. Also, grass­
lands are burned to maintain the area in grass. Controlled grazing and
prescribed burning at appropriate intervals need not seriously impact the
hydrology and soils of a watershed. But such controls are practically im­
possible to achieve in most tropical countries where populations are in­
creasing rapidly and food production needs are high. Overgrazing and in­
discriminate burning, especially over long periods, result in adverse hy­
drologic and soil movement effects (6, 26). The extensive degraded grass­
lands in the tropics are unravelling testimony.

Forests, hydrologically and from the erosion control standpoint, pro­
vide more protection because they are less susceptible to intensive use so
long as they are maintained as forest lands. Harvesting of minor forest
products has little effect on watershed values (17). Commercial wood
harvesting, even with clearcutting, is relatively infrequent compared to
continuous grazing. And regrowth of vegetation quickly restores any hy­
drologic or erosion impacts to preharvest levels, at least in the more
humid tropics. Of some concern to watershed relationships, however, is
the increasing emphasis on rapidly growing tree plantations that are har­
vested totally, with large equipment and on very short rotations, for
either wood pulp or bioenergy.
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pe?ples in many parts of the tropical world. They sometimes have been
eVIcted from public domain lands in the name of preventing forest soil
and water degradation. A more humane, thoughtful, and ecologicall;
soun~ strategy wou.ld be to assist these tribes in improving agricultural
practIces, perhaps III an agroforestry context, with the introduction of
new fo?d tree C~o?s..A recent program of forest occupancy management
begu.n Ill. the PhIhppmes is an important step in this direction (10).
. SCIentIsts ~ust be ~ore precise in their language when discussing ero­

SIOn and sedImentatIOn from shifting agriculture. Even under the un­
stable form of shifting agriculture, erosion consequences may be some-

.what ove~ratedor at least may be dwarfed by erosion resulting from road
cons~ructIOn, urban development, drainage outlets, and other civil engi­
neermg rather than agronomic activities (29).

Grassland is better than forest?

Forest waters~ed research has shown that conversion of forest to grass­
land a~ the dommant cover usually resulted in greater water yield (19, 25)
and hIgher groundwater levels in deep soils (4, 21) with only small in­
creases or no increases in stormflow volume, peakflows, or storm duration
flow, depending upon grass density and productivity (19, 25).3 The grass­
lan~s were not grazed in this research because the experiments were
deSIgned to compare the hydrologic effects of the different vegetative
c.overs. Once the grass was established, there were no differences in ero­
SIOn rates or. s.e~iment production from the area (8).4

Some pohtIcIans, water development engineers, and planners have
read or heard about these results and suggested that grass would be a bet­
ter cover tha~ trees o.n watersheds because increased water yields in
streams ~nd nvers are Important in water projects for water supply hy­
droelectnc power, and irrigation. They have been told that deep-r~oted
forests are heavy water users. Now they suggest replacing trees with grass­
lands that us~ les~ wa~er but still provide hydrologic safety.

Su.ch a pohcy, If WIdely adopted, would be inappropriate for at least
two Important reasons. First, these experiments were conducted on mod­
erate slopes not prone to mass wasting. The importance of tree root shear
strength i~ maintaining slope stability on steep lands prone to landslip
a~d slumpmg has been well documented (22). On such areas, forest cover
gIve~ the greatest ~rot~ction against this most damaging form of erosion
and ItS correspondmg mcrease in sedimentation.

Second, the aforementioned experimental results were obtained on un-

3Helv~y, J. D., and J. E. Douglass. 1971. "Effects of Some Forest Resource Mana ement Al­
ternatives on Storm Hydrograph Characteristics in the Southern Appalachians." U~published
Pt~~~ presented at IUFRO Congress, Gainesville, Fla.
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regional rainfall, it may improve well levels and springs and increase
stream yields, including low-season flows.

In most experiments, however, reforestation of nonforested land has
resulted in lower water tables, less reliable springs, and reduced stream­
flow, especially in the dry season (2, 17). An example of this policy dilem­
m~ recently occurred in Fiji. Contrary to conventional wisdom and ex­
pectations of a decade ago, the large reforestation program of the Fiji Pine
Commission has resulted in reduced streamflows. s

While stormflows may be somewhat reduced, most experiments have
shown rather small effects (18). It is doubtful whether even large-scale
forest planting programs have much impact on flooding of lower reaches
of rivers unless a major portion of the catchment is degraded, severely
gullied, or the soil compacted, such that almost all precipitation is chan­
neled quickly to streams and rivers and sediment from upland erosion is a
major contributor to flooding. In such cases-and there are many land­
scapes in the hilly tropics that have been so abused-forest establishment
might slow and reduce surface runoff to the point where flooding would
be reduced, although not eliminated. Erosion rates and resulting
sedimentation certainly would be reduced.

Conclusion

Problems in achieving sustainable development and conservation of soil
and water resources in the tropics are legion enough without being
plagued by myth, misunderstanding, misinformation, and misinterpreta­
tion. Semantic fuzziness adds to the scene. Words such as deforestation,
shifting agriculture, marginal lands, and desertification usually.need to
be defined or avoided in favor of more precise words or phrases. The con­
sequences may be seen in fruitless disagreement between interest groups,
propaganda instead of education, bad policies based on shaky scientific
base, or even good policies based on the wrong reasons and vulnerable to
attack.

Perhaps foresters have been guilty of aquiescing by silence because the
arguments or rhetoric were aimed at protecting forest resources or at es­
tablishing new forests-surely actions worthy of nations and statesmen.
But if we close the watershed forests to human use and reservoirs still silt
up, if we totally reclothe the basin in forest and still have floods, and if the
streams still dry up or dry up even more, there may be a well-deserved
backlash. The credibility of foresters and other watershed professionals
may be called into serious question. There are many eminently sound
reasons for forest conservation and reforestation in the tropical develop-

sPersonal communication from P. Drysdale, Manager, Forestry Division, Fiji Pine Commis­
sion, Lautoka, Fiji.
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ing countries. We should not condone the use of unsupportable or ques- '-1)
tionable hydrologic and erosional relationships in this important policy
scenario.

REFERENCES

1. Avery, D. 1978. Firewood in the less developed countries. In Proc., Eighth
World Forestry Congress. Indonesia Directorate of Forestry, Jakarta, pp.
719-726.

2. Banks, C. H., and C. Kromhout. 1963. The effect of afforestation with Pinus
radiata on summer baseflow and total annual discharge from Jonkershoek
catchments. Forestry in South Africa 3: 43-65.

3. Bosch, I. M., and J. D. Hewlett. 1982. A review of catchment experiments to
determine the effect oj vegetation changes on water yield and evapotranspira­
tion. I. Hydrology 55: 3-23.

4. Boughton, W. C. 1970. Effects of land management on quantity and quality of
available water: A review. Austral. Water Resources Council Res. Proj. 68/2,
Rpt. 120. Univ. of New South Wales, Manly Vale, Australia.

5. Chanko, M. 1981. Ambuklao reservoir is good for only 1112 years. Manila Eve­
ning Post (January 12).

6. Cochrane, G. R. 1969. Problems of vegetation change in Western Viti Levu,
Fiii. In F. Gale and G. H. Lawton [eds.] Settlement and Encounter: Geo­
graphical Studies Presented to Sir Grenfell Price. Oxford Univ. Press, Mel­
bourne, Australia. pp. 115-147.

7. Corvero, A. 198L What caused the great Aqusanjlood? Weedend (MarchI):
12-13.

8. Coster, C. 1938. Surficial runoff and erosion in Java. Tectona 31:613-728.
9. Douglass, J. E., and W. T. Swank. 1975. Effects oj management practices on

water quallty and quantity. Rpt. NE-13:1. For. Serv., U.S. Dept. Agr.,
Washington, D.C.

10. Duldulao, A. 1981. The implications of forest occupancy management of natu­
ral resources conservation. Philippine Development 9(9): 24-33.

11. Eckholm, E. 1976. Losing ground. W. W. Norton, New York, N.Y. 223 pp.
12. Ekern, P. C. 1964. Direct interception of cloud water on Lanaihale, Hawaii.

Soil Sci. Soc. Am. Proc. 28: 417-421.
13. European Environmental Bureau. 1982. The environmental importance of

tropical moist forests. Deforestation and Development Newsletter (June): 1-7.
14. Goodland, R.I .A., and H. S. Irwin. 1975. Amazon iungle: Green hell to red

desert? Elsevier, New York, N.Y. 155 pp.
15. Hamilton, L. S. 1976. Tropical rainforest use and preservation: A study of

problems and practices in Venezuela. Int. Series No.4. Sierra Club, San Fran-
cisco, Calif. 72 pp.

16. Hamilton, L. S. 1979. Man and the humid tropics. MAB Audiovisual series 1.
United Nations, Educ., Sci., and Cultural Org., Paris, France.

17. Hamilton, L. S. 1983. Tropical forested watersheds: Hydrologic and soils
response to maior uses or conversions. Westview Press, Boulder, Colo. 168 pp.

18. Hewlett, J. D. 1982. Forests and floods in the light of recent investigation. In
Proc., Canadian Hydrology Symp. Nat. Res. Council of Canada, Ottawa. pp.
545-560.

19. Hibbert, A. R. 1969. Water yield changes after converting a forest catchment
to grass. Water Resources Res. 5: 634-640.

20. Kundstadter, P., E. C. Chapman, and S. Sabhasri [eels.]. 1978. Farmers in the
forest. East-West Center, Honolulu, Hawaii. 402 pp.



690 LAWHENCE S. HAMILTON

21. Melzer, A. D. 1962. A preliminary report on the Callide Valley investigation.
Irriga. and Water Supply Comm., Queensland, Brisbane, Australia.

22. O'Loughlin, C. L. 1974. The effect of timber removal on the stability of forest
soils. J. Hydrology 13(2): 121-234.

23. Openshaw, K. 1974. Woodfuels in the developing world. New Scientist
(January 31): 271-272.

24. Pereira, H. C. 1973. Land use and water resources in temperate and tropical
climates. Cambridge Univ. Press, London, England. 246 pp.

25. Queensland Department Forestry, 1977. Research report No.1. Brisbane,
Australia. pp. 72-74.

26. Raeder-Roitzsch, J. E., and A. Masur. 1968. Some hydrologic relationships of
natural vegetation in the chir pine belt of Pakistan. In Prec., First Pakistan
Watershed Mgmt. Conf., Pakistan Forest Inst., Peshawar. pp. 345-360.

27. Reinhart, K. G., A. R. Eschner, and G. R. Trimble, Jr. 1963. Effect on stream­
flow of four forest practices, in the mountains of West Virginia. Res. Paper
NE-1. For. Serv., U.S. Dept. Agr., Upper Darby, Penn.

28. Salati, E., A. DaU'Olio, E. Matsui, and J. R. Gat. 1979. Recycling of water in
the Amazon Basin: An isotopic study. Water Resources Res. 15(5): 1,250-1,258.

29. Sanchez, P. A. 1979. Soil fertility and conservation considerations for agrofor­
estry systems in the humid tropics of Latin America. In H. O. Mongi and P. A
Huxley [eds.] Soils Research in Agroforestry. Inter. Council Res. in Agrofores­
try, Nairobi, Kenya. pp. 79-124.

30. Sharp, D., and T. Sharp. 1982. The desertification of Asia. Asia 2000 1(4):
40-42. '

31. Watters, R. F. 1971. Shifting cultivation in Latin America. Foreign Develop.
Paper 17. United Nations Food and Agr. Org., Rome, Italy. 305 pp.

32. World Water. 1981. How trees can combat droughts and floods. World Water
4(10): 18.

33. World Wildlife Fund and International Union for the Conservation of Nature
and Natural Resources. 1982. Tropical forest campaign. Gland, Switzerland.
12 pp.

34. Zadroga, F. 1981. The hydrological importance of a montane cloud forest area
of Costa Rica. In R. Lal and F. W. Russell [eds.] Tropical Agricultural
Hydrology. John Wiley and Sons, Chichester, England. pp. 59-73.

• • r ,-,' E'COr:: v
BEST AVJUI..Jib:"', ..Ji I


