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Preface

In attempting this state-of-knowledge synthesis on tropical forest influ-
ences and effects of forest alterations, the workshop participants and the
author were dismayed at the paucity of reliable data. It was therefore nec-
essary to rely to some extent on professional judgments based on informa-
tion from small plots and short time periods. Sorely needed are more stud-
ies on entire smali- and mediume-size watersheds having measuring weirs
or Hlumes and good instrumentation, with periods of calibration and rec-
ords over periods of 5 1o 25 years. Such long-term experiments are ox-
tremely rare in the developing countries where most of the world’s tropical
forests are found. Sir Charles Pereira has pointed out that four such exper-
imental catchments were begun in the decade 1955-65 in East Africa,
West Atrica, Indonesia, and India. Unfortunately those in West Africa and
Indonesia succumbed to the stresses of <he transition to independence.
Fortunately, some excellent work has been initiated in the 1970s in Austra-
lia's tropics and subtropics, and within the past two years, sosne complete
watershed studies have been installed in Malaysia. A recent watershed in-
stallation in Taiwan is shown in Figure §.

It was therefore necessary to fall back at times on research results from
temperate zone watersheds (Coweeta, United States; Kamabuchi, Japan;
Melbourne Water Supply, Australia; ete.) and to suggest that the hydro-
logic processes should not be different. Again, professional judgments are
required and were made in order that che ultimate objective be realized,
namely, providing information to those making land-use policies for tropi-
cal watersheds. Itis our opinioa that too many of the land-use policies for
tropical uplands are being made on the basis of misinformation and myth-
ology and that imperfect information is being used in cases where there is
more information available. For this reason, each chapter is concluded with
a summary that attempts to put the forest land-use activity and its effects
into a form that speaks to policymakers.

Grateful acknowledgment is rendered to the workshop participants,
who provided much of the material for this report and reviewed the manu-
script. Their names and affiliations are listed in Appendix A. When spe-
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cific unpublished information is attributed to one of them, it is cited in the
text as personal communication (e.g."Manan 1981, Pers. Comm.”).

Special thanks also to Peter King who helped synthesize this material in
its carly stages and who provided his own expertise. I acknowledge mem-
bers of the Fast-West Center Publications Office staff for their contribu-
tions toward bringing this book to its published form,

Lalso acknowledge the assistance of UNESCO's Man and the Biosphere
(MAB) Program in providing funds to assist in publication of this synthe-
sis. In particular, Dr. Leo Teller of UNESCO/MAB has been helpful both
inthe logistics and in the technical review of the manuscript.

This synthesis and activity is part of a larger project onwatershed land use
being conducted as part of a program area in Human Interactions with
Tropical Ecosystems at the East-West Environment and Policy Institute.

Lawrence S, Hamilton



Introduction

THE RESEARCH PROBLEM

Tropical forests are different from temperate forests. But are they so
different in their hydrological functions, their role in protecting soils from
crosion, or in their nutrient cycling that they respond quite differently
when“disturbed” or converted te other uses? Most scientific evidence indi-
cates that differences are “more in degree than in kind.” Conventional wis-
dom, political statements, and land-use policy formulation would, how-
ever, all seem to indicate that the situation is markedly different.

For instance, a 1981 issue of World Water carried an article about India’s

-Chipko (tree hugging movement), which originated in the state of Uttar
Pradesh. It suggested that trees can prevent monsoonal floods and subse-
quent droughts, and quotes the movement's leader as saying, “Tree-plant-
ing particularly of broadleaved vavieties creates water” (World Water 1981).
Research results from several temperate watershed research stations give
quite different findings. They show that trees generally use more water
than do lower forms of vegetation, particularly on deep soils, and that tree
planting generally results in reduced total water yields fromn catchments.
There have been no experimental findings showing increased rainfall fol-
lowing afforestation,

As far as floods are concerned, experimental evidence from temperate
arcas shows that small storm peakflows and upstream flooding on smatl
streams are reduced following afforestation. For major storms in large wa-
tersheds, aflorestation or deforestation had only a minor impact on flood
peaks and duration. Again, this has not stopped siatements to the contrary.
Incarly 1981 when Philippine newspapers carried graphic accounts of the
repeated and disastrous Agusan River floods, a political leader blamed
“denndation of the forests by logging as responsible for about 30% of the
flooding” (Corvera 1981). Even though flooding is an annual event, this
particufar flood was given a return period of 20 years. Furthermore,
Openshaw (1974) has stated, “The principal cause of the recent Ti0ods in
the Indian subcontinent was the removal of tree cover in the catchment
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areas for fuelwood Gnd shifting cultivation).” The section of this reporton
Harvesting Fuelwood and Lopping Fodder deals with the effects of fuel-
wood cutting on water, and this is preceded by a section on the effects of
shifting agricolture. There seems to be linde evidence supporting Open-
shaw’s unqualified statement, though the impacts of Tong-term, large-scale
Land abuse have indeed not been rescarched.

Flsewhere in the tropies, atforestation is being recommended as official
governmenit policy in order to rejuvenate springs and small streams. Tt is
being saggested that Imperata and Themeda grasstands be planted with
trees 1o merease diy season {lows so that there is more water available for
vigation. Research on several temperate experimental watersheds would
lead one toquestion whether thisobjective can be met solely throagh afttor-
estation. In-fact, most availuble rescarch evidence suggests lower dry sea-
son Hows Tollowing conversion to forest.

Other forestwittershed policies being promulgated and implemented in
developing countries effectively close the forest to many forms of human
use. For instance, total bans on logging and shifting cultiviion have been
incorporated into some national policies, although thev are frequentdy im-
possible to implement. Is total exclusion of human activity really necessary
to protect the desivable hvdrologic functions of watersheds? Experience
and rescarch in temperate forests would indicate that controlled and man-
aged use may be abetter policy for maximizing net social benetits,

Are the processes so different in tropical versus temperate watersheds
that different policies and Lind management strategies are required® It s
well established thatthe infiltration, storage, and release of water; the de-
tarment, transport, and deposition of soil particles: and the eveling of
nutrients depend on complex: interactions between topography, climate,
sonl, geology, vegetation, and human manipulation o natural systems.
There s nointrinsic reason why tropical systems should respond to differ-
ent laws of nature than do temperate ones. Yet it must be recognized that
both the nature of the driving variables (e.g., precipitation intensity or
temperature) and the response ol asvstem (e.g. sediment yield or evapo-
transpiration lossy may be quite different in the tropics.

As watershed experiments are genervaily long-term, expensive, and re-
quire a high degree of technical competence, most rescarch evidence 1o
date comes from the wemperate, industrialized countries. Direct extrapola-
tion of results o different combinations of climate, soil, and vegetation,
cven within the temperate zone, alwavs has been problematical, so we
should notbe surprised thae direct transfer of rescarch to an entirely dif-
ferentelimatic zone s fraught with uncertainiy, There is no reason to be-
lieve that the basic processes are ditferent. The rescarch to prove it, how-
ever, must be carried out under a wide range of conditions so that a set of
generalizations can be made for the range of conditions that exist in the
Lropics.



Possibly the kind and degree of forest disturbance in the tropics is also
important. If there are different hydrologic, soil movement, and nutrient
cycling responses, it might be due o differences in the nature of the impac-
tor. For instance, there may not be an analog for swiddening or kaingin in
the temperate forest experiments. The *mountain farming” experiment at
Coweeta Hydrologic Laboratory in Novith Carolina (Dils 1953) is not anal-
ogous to slash-and-burn agriculture. Can evidence from tractor logging
experiments be used to assess the impact of teak logging using clephants in
Thailand?

Di Castri and Tadley (1979) have identified some of the problems in
using rescarch data to solve important applied problems in the tropical
developing countries. They pointed out that much of the research is con-
centrated intemperate industrialized countries, that information from
such research may not be transferable, and that the extent of the transfer-
ability is unknown. Their typology of information transfer and use prob-
lems and the underlying causes is so clearly relevant to watershed forest
nfluences that it is reproduced in Table 1.

In watershed forest influences, there is certainly an uneven geographic
coverage of rescirchand inadequate use and application of data, but the real
question relates to the applicability, espectally when trying to transfer data
from specific experiments in temperate watersheds to applied problems in
tropical watersheds. On many seeasions, it has proved diflicult cnough to
extend the resalts from small temperate area watersheds to large water-
sheds in another area of the same state or country, It is undoubtedly even
more difficult to extend the rescarch from small watershed experiments in
temperate countries to applied problems in tropical countries,

EAST-WEST CENTER WATERSHED FOREST INFLUENCES WORKSHOP

To assess the state of knowledge of tropical watershed forest influences
rescarch and the possible use of information from temperate watershed
research, aoworkshop was convened in late September 1981 at the East-
West Center’s Environmentand Policy Institute, bringing together the ac-
tive and outstanding forest hydrology rescarchers of the Asian-Pacific re-
gion. Twenty-six participants and invited observers from 12 countries were
able to attend and to address these problems (see Appendix A). By-prod-
ucts of the workshop are a 250-page selected annotated bibliography of
tropical watershed rescarch (Wilitnms and Hinilton 1982) and a compila-
tion of status reports on watershed research from 11 conntries and Hawaii
(Hamilton and Bonell 1982),

The principal task, however, was to symthesize what s known about the
role of forests as watershed cover in the tropics and bow that role changes
as the forest is used or converted to other uses. The six impacts considered
were chimges in groundwater, springs, and wells; streamflow quantity (an-



Table 1. Research Information Transfer and Use Problems

Main Problems

Main Causes

Uneven geographic coverage and in-
completeness of information

e Rescarch concentrated in temperate
industrialized countries

o Current policies do not stimulate cre-
ation f new knowledge in developing
countries

e Present trends do not Favor research
insome fields (e.g. taxonomy of trop-
ical plints and animals)

o Data not widely available

o Data presented in a form not under-
standable to planners and local popu-
lations

Lack of applicability of data {or data
leading to unpredictable or adverse ef
lects when applied)

o Data lack relevance to, or adequacy in
facing, specific situations

o Data result from research that is
overly sectoral and incompatible with
complexity of situations

e Data take little accoum of people’s dif-
ferent perceptions of a given problem
or situation

e Site data cannot be extrapolated for
regional and national planning pur-
poses within a country

e Data not transferable between coun-
tries, or extent of transferability un-
known.

Source: Adapted from di Castri and Hadley (1979),

nual water vield); timing and distribution of streamflow; on-site erosion:
sediment in streams; and nutrient outflow in stream water.

Since the ultimate objective 15 1o use this information in planning and
policymaking, a sertes of uses and vansformations that commonly occur
in tropical developing countries was set forth. A matrix of causes and ef-
fects (Table 2) was used as the organizational [ramework for the workshop.



Prior to the workshop, each participant was asked to indicate the informa-
tion available to him or her for each of the cells of the matrix and to classify
the information as follows:

Class I — First-hand rescarch evidence
Class Il — Authoritative literature references
Class H1— Professional judgment or empirical observation and conven-
tional or folk wisdom thut has not been disproved
{)— No information

Each participant then brought to the workshop the available information
keved to these celis. The workshop discussions focused in turn on each of
these interactions, thus briuging out the collective wisdom and experience
of the rescarchers on the effects of each use or transformation of the for-
est. Table 2 shows the matrix filled in for a hypothetical knowledge situa-
tion in one country.

Some additicnal questions also were considered: The role of cloud forest
in water capture and what happens to this “occult” precipitation when the
forest is removed, differences in the hydrologic roles of pure plantations
versus mixed forests and broadleaved versus coniferous forests, and the
criteria for delineating critical watershed areas. Finally, some attention was
given to logging guidelines for important watershed forests.

This state-of-knowledge synthesis is organized into sections accord-
ing to type ef forest use or conversion (the actions). Each section first de-
scribes and delineates the activity, and then discusses what is known or
belicved about the effects of that activity on the six water and soil parame-
ters considered. (The nutrient outflow section does not deal with biologi-
cal water quality, nor does it deal with nutrient export from the site due to
removal of biomass.) We then attempt in the summary to discuss the forest-
land planning and management strategies that take cognizance of this for-
est influence information and judgment. Policy decisions about land use
must be made even when our knowledge in the arena of watershed forest
influences is imperfect.



Table 2. Information Matrix — Watershed Forest Use or Conversions

Effectsof

A B c D E F
Change in
Water  Water
Water Quan. Timing Ero- Nu.
Effect of On these Table, tityin of sion Sedi-  trient
these actions phenomena —»  Springs, Stream Stream  Rate ment  Input
or over Dis- on in into
Wells year charge Sitc  Stream Stream
L. Minor forest product uses
(gathering, tapping, ¢te., no
tree cutting) 1 11 Ry 11 I i
2. Stable shifting agricultare
» . L
b (Ffallow sulficiends long that
E svatem is sustiained) 0 I I 11 I1 0
S h
s 3. Fuelwood harvesting (no
8 roading or vehicles) and
2 fodder lopping 0 0 0 0 0 0
é 4. Commercial wood
S5 harvesting
T alcommonly used logging
& practices 11 [ P R 0| | | I1
m ——
by Improved watershed
protection logging, 0 11 I I mn i1
5. Grazing on toresthand 0 0 0 1 11 0
6. Burning torestland 0 0 0 0 0 0
7. To Torest tree plantations I 0 () 0 0 0
B To grasshind/Zsavanna fo
grazing (nd/Zor burned 1o
matintaing 11 1 11 1 0 0
§ 9. To lood or extractive tree
7 crop plntations (e.g., colfee,
¢ tea, rubber oil palm,
g banamn) 0 I 11 1 1 111
o
g 10 Toannualcropping
£ iy without terracing,
3 contours, ete, 1 Ii1 H1 Il 11 11
o
o bywith soil conservation
bl .
by practices 0 )] 0 0 0 {)
L Toagroforestry
) lree crops with grizing 0 0 0 0 0 0
by Tree crops with annual
crops 0 0 111 i 0 0
12, Reforestation or
atforestation nl ] 11 I I 1]

13. Other

Class I —Tfirst-hand rescarch evidence
Class 11 —authoritative literature references
Class HI— professional judgment

0 —nainformation



1
Harvesting Minor Forest Products

In many developing countries, minor forest products provide much of the
requirement for food, tools, and shelter (i.c., subsistence) of people dwelling
in or near forests. Tn addition, minor forest products may provide the raw
materials for small-scale cottage industries and thus are important to local
cconomices. These products are usually gathered or hunted in wild forests,
thouglh some management of vegetation or animals may he involved.

Normatlly, the impact on the forest ecosystem is a sinall one, and a type of
sustained vield system prevails. Some examples of minor forest product use
include harvesting of foods (wild vams, bamboo shoots, fruits and nuts), me-
dicinal plants, poisonous plants, woody lianas and other rope-like climbers,
and Jeaves and wigs for wrapping food or thatching; zollecting various
plant parts for tanning or dyeing: cutting rattan for making baskets and
[urniture: tapping for resins and turpentine; gathering wild honey or using
forest tree flowers for apiary purposes; hunting or capturing wildlife for
food and ornamentation, and for skins to be used as clothing, shelter, or
utensils: and removal of forest litter for various uses. Table 8 illustrates the
range of uses of forest plants in Papua New Guinea (Lea 1975),

Table 3. Minor Forest Product Uses in Papua New Guinea

Use Example

Abortificants and conrraceptives Caldesia parnassitolia

Artifacts “Galip nuts” for tourists, wood in masks,
shields, etc.

Bark cloth Beaten Ficus sp. for "tapa” cloth

Basketwork Kygodium sp.

Beverages Yalm wine, sap from vines and creepers

Bird bait Melanolepis multiglandulosa fruit attracts
cockatoos

Condiments Zingiber sp., Amomaum sp.

Containers Bamboo and gourds for carrying water



Cooking and cating utensils

Decoration and ornaments

Drugs
Dyes

Exudates

Fibers

Fish intoxicants
Food

Glazing

Gums
Insccticides

Juices and saps

Medicines

Musical instruments

Oils

Poisons
Resins

*Rope”
Salt making
Starch

Thatching

Tool making
Wearing apparel

Weapon making

“Kwila" bowls ({utsia bijuga), bamboo
stems and coconut shells

Seeds of Coix lneryma-jobi in necklaces
and leaves of Celosia and Olearia
Areca nuts

Bixa orellana (ved), Curcuma longa (yel-
low), Lencosyke (black)

Guttapercha (rubber)

Guetum guemon and Althoffia pleiostigma
for net bags

Derris

Many species

Celtis for glazing black paint among the
Abelam

Artocarpas for caulking and bivd traps
Pyrethrum

Toddies and stimulants such as Anamir-
ta and “kava™ (Piper methysticum)

Many species

Ptevocarpns indicus for “kundus” and 1'-
tex coffassus for “garamuts”

Tree oil from Campnosperma and Pan-
dans oil sced

Derris, Guetwm catifolivm

Parinari (the kusta nut)

Calamns for “kanda” and Lygodinm for
weaving masks and baskets

Coix gigantea among the Baruya and £r-
iocanton longifolinm

Saguo, Manihot and Tacea spo.

Sage and Nipa fronds and “kunai® grass
(Imperata and Miscanthus in the high-
lands)

Bambusa stems, Dioy Jrvros wood
Pandanusleal capes and penis gourds

Caryota for bows

Sonrce: Adapted from Lea (1975).

Some uses listed above and in Table 8 involve cutting down trees, but for
our purposes we define the activity of harvesting minor forest products as
that involving no significant cutting of trees. If trees are cut, the impacts
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Table 4. Effects of Litter Removal on Infiltration Capacity

Untreated Treated
Soil Horizon Infiltration Rate Infiltration Rate
(mm/min) (mm/min)
H 120 2
Al 60 0
A9 14 4
B 5 3

Sowrce: Tsukamoto (1975).

become more akin to fuelwood harvesting or commercial wood harvest-
ing. Even so, in some places the intensity of use may become so great (often
due to the development of a cash commodity value or a village industry)
that the forest resource base is damaged (as in excessive resin tapping) or
the productis overharvested and becomes scarce. The latter has happened
and is happeningin the case of rattan in several parts of Asia, In the Philip-
pines, the Ministry of Natural Resources has had to ban rattan harvesting
in all experimental forests, national parks, wilderness areas, and any spe-
cial areas where problems exist (Anonymous 1980). Moreover, it has en-
couraged rattan planting and sustained yield “rattan farming” by a pro-
gram of incentives and the production of educational materials on rattan
growing (Generalao 1981).

The professional judgnient of the workshop participants was that gath-
ering or harvesting of most minor forest products usuatly has litde impact
on water vields, timing, erosion rates, sedimentation, and nutrient dis-
chiarges. There has been no research to support this contention exceptina
few specific cases in teniperate zone forests. A study by Tsukamoto (1975)
in Japan provides some information on one particular practice —the re-
moval of forest litter such as might be the case where it is collected either
for fuclor for adding organic material to fields. The critical factors are the
intensity of use, the degree of soil disturbance, and the nature of the access
tratils to the gathering sites. In parts of the Himalavan foothills of northern
India, for example, overtapping of Pinus roxburghii has resulted in wind-
break damage and subsequent soil exposure. In the same region, collection
of pine litter for a new pressboard-backing industry could cause future
problems of erosion and nutrient loss.

GROUNDWATER, SPRINGS, AND WELLS

No direct evidence was produced concerning the effects of minor for-
est products harvesting on groundwater. However, Tsukamoto's study
(1975) on the effects of removing forest litter in Japan shows that infiltra-
tion rates decreased markedly for all soil horizons following litter removal
(Table 4). These results once again confirm the well-known function of
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forest litter in holding water temporarily and releasing it gradually 1o the
soil along with dissolved and particulate organic material, which improves
the soil structure and infiltration capacity. In the absence of the litter layer,
vaindrops compact the soil, and infiltration capacity is reduced. When the
volume of infiltrating water exceeds the detention capacity of the soil pro-
file on a permeable geologic structure, an increase in groundwater level
can be expected. H the removal of litter affects groundwater levels, it
would, therefore, seem to cause a decrease.

STREAMFLOW QUANTITY

Tsukamoto (1975) also studied the impact of removing forest litter on
strecamflow. The experiment was conducted using paired small watersheds
at Shirasaka in the Tokyo University Forest in Aichi. All forest litter was
removed from the treaed watersheds for three consecutive years, Annual
discharge was increased by at least -F percent, mainly due to an increase in
direct runoff. Tor solated storms of less than 100 mm, the storm hydro-
graphs showed an average 78 percent increase in divect runoff and a 168
pereent increase in peak flows, Other minor forest product removal was
deemed to have no effect on water vield,

TIMING AND DISTRIBUTION OF STREAMFLOW

Tsukamoto's study indicated the time to peak decrease by 13 percent on
the treated arva, but there was no change in time to end of direct runoff,
Apart from this study, the workshop participants cited no other evidence
about the impact of harvesting minor forest products on the storm hydro-
graph. However, they agreed that the effects were fikely 1o be minor.

ON-SITE EROSION

Most of the evidence suggests that the harvesting of most minor forest
products will not cause serious soil erosion. Complete litter removal, as prac-
ticed in parts of China in the recent past, is certainly one exception. In ‘Fsu-
kamoto's (1975) study, however, only small amounts of soil erosion were ob-
served, and this was attributed o effective surface protection by a dense,
concentrated network of fine roots. Over three years, splash erosion was
serious, and on one-third of the watershed, all of the H Tayer had disap-
peared.

The heavy use of forest trails may result in soil compaction, increaced
surface runoff, and then gullving. This certainly has been documented in
the case of heavily used reereational hiking trails in North America. The
ceffects in tropical developing countries will obviously depend on traffic
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volume, soil characteristics, and rainfall intensity. Trails through forests in
moutane Papua New Guinea have eroded and are sources of sediment
(dfanner 1981, Pers. Comm.),

In Fiji, harvesting of reeds and bamboo for rafis, thatching, and building
material is thought to have had localized but relatively minor impacts on
stream-bank erosion due to soil disturbance at the harvesting site.

SEDIMENT IN STREAMS

There is no evidence that minor forest products havvesting causes seri-
ous stream sedimentation problems, and workshop participants agreed
thatonly minor impacts could be expected from trails and stream crossings
as mentioned previously.

NUTRIENT OUTFLOW

‘There was no evidence presented on nutrient outflows caused by minor
forest products harvesting in the region. However, it is known that nutrient
depletion through continual long-term gathering of forest litter occurred
in temperate forests in Germany and the practice had to be controlled.
Similar effects plus erosion were reported in the Republic of Korea, where
the Forest Law of 1973 prohibited leaf raking and removal of grass litter
within forest areas. Itis not thought that these practices would change the
nutrient contents of streams to any significant extent.

SUMMARY AND IMPLICATIONS

The continuation or expansion of minor forest products harvesting is
unlikely to have a major detrimental impact on any of the watershed varia-
bles considered. However, in the case of high-quality, untreated water sup-
ply arcas, some level of intensity can lead to water quality problems (sedi-
ment or disease contamination). Removal of forest litter for fuel or for use
on fields can result inaceelerated erosion, sedimentation, and loss of nutri-
ents and organic matter from the site, and should be controlled.
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2
Shifting Agriculture

Shifting agriculture (usually cultivation, but sometimes grazing) forms a
continuum from extensive (sustainable) to intensive {unstable) uses of
land, depending on the length of the fallow period (Clarke 1966). In vari-
ous places this activity is called swidden, kaingin, conuco, slash-and-burn,
slash-and-tvash, forest fallow, jhum and other local names. Kunstadter and
Chapman {1978) describe three kinds of swiddening in northern Thai-
land: short cultivation/short fallow, shor. ultivation/long fallow, and long
cultivation/very long fallow (or abandonment). Other typologies exist,
based on the vegetation (forest, bush savanna, or grassland) and/or the
historical background of the practitioners (pioncer-colonist, established,
or incipient).

Extensive shifting cultivation systems may be characterized by combina-
tions of:

e Gardening in forest clearings in primary forest or, more commonly, in
secondary forest;

e Short periods of cropping alternating with longer periods of forest
fallow;

e Low human or animal energy input per unit of energy output (use of
fire adds large energy input);

o Uscof relatively simple tools;

e Polyculture:

e Low human population density and/or “traditional” people; and

» Little disturbance of the soil surface.

Intensive systems that approach sedentary agriculture iay be character-
ized by combinations of:

e Usc of anthropogenic grasslands or degraded bush fallows for gar-
dening or grazing;

e Long periods of cropping aliernating with shorter or no periods of
fallow;

e High energy input per unitof energy output;

e Use of technically more advanced tools (e.g., chain saws);



o ‘lendency toward monocualture cash crops;

e High human population density and/or “new colonists™ and

e Greater soil disturbance, which caninclude rough terracing, ditching,
mounding and other edaphic modifications, or use of livestock.

The impact of shilting cultivation on the hydrologic, erosional, and nu-
trient status of jorested watersheds will depend on the position on this
continuum ol culiivined avea, caltivation practices, and crop type (Napra-
kiaboberal 1975). For the purposes of the workshon and this report, exten-
sive orsustainable shifting agriculture has been chosen as the impactor, In
shitfting agriculture as we have detined i, it is the fields that shift (rotate),
not the people who shiit gmove on), Tt is felt that as the frequency and
mtensity o cultivation increases, the likelv elfects are akin to those from
grivzing, annual cropping, or agroforesiry (Chapters 8,10, and 1) in that
these Lind uses are real comversions rather than uses of the forest that
maintain a torest most of the time,

Intensive shifting agriculiare, for instance, is practiced in tropical gi sss-
lands, which already representa degradation from the oviginal forest con-
dition. This is the "long cultivation very long fallow™ tvpe described by
Kunstadter and Chapiman (1978), Ultiniuely, soil fertiliny is lost, erosion
ocCins becanse of relatively deep, clean cultivation with hoes, and the Lind
isabandoned. Irretnns to degraded forest very slowlv and is thus in niny
wavs more akin to conversion o grassland, Its effeas ace therefore pre-
sented in Chapter X,

One of the best studies ol shifting cultivation in the tropics was carried
out for FAO i Laun America by Watters (197 1), Most of these studies de-
seribed unstable, ntensive svstems where the campesino “helieves that this
[telling and burning|is the beginning of agriculture ona permanent basis
- thistype of irmer does notonly waste land: he also very often destroys
17 (Watters 1971, Shifting cultivation of this tvpe on slopes as steep as 80
o 90 percent is reported from the Venezuelan Andes. Predictably, it
results i aceelerated sheetand gully erosion of serious proportions,

There are few good experiments showing the effeet of stable shifting
cultivadion within the parameters of concern of this report, nor are there
data from temperate zone rescarch that cam be transferred with confi-
dence. The mountain agriculture experiments carried out by Dils (1953)
and others in the well-known series of studies at the Coweeta Hydralogic
Laboratory in humid southeastern North America are scarcely transter-
able, though thev imay suggest some general tendencies, Inthis case, clear-
ing and farming a 9.3 ha forest resulted inover a twelvetold increase in soil
loss and sharp increases in storm peaks, However, the Philippines’ Forest
Rescarch Institate and the College of Forestry, University of the Philip-
pinesat Los Banos, are now conducting work pertinent to the tropics.
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GROUNDWATER, SPRINGS, AND WELLS

No rescarchon this topic was known to the workshop participants. How-
ever, given the nature of extensive, sustainable shifting agricultural land
use and its mosaic pattern of small clearings and regrowth, the impact on
changing the water table was deemed to be negligible. Surface runoff on
plots in the clearings was affected as indicated by Kellman (1969) i1: Tabic
5 but there was thought 1o be no effect on groundwater, springs, and wells,

Table 5. Surface Runoff from Plots with Different Lo:id Use in the Philippines
Surface Runoff

Sample Period as Percent of
Plot Location (days) Precipitation
Primary forest 227 0.258
Softwood tree fallow 227 0.264
Imperata grassland 227 3.017
New abaca plantation 227 0.348
10-year-old abaca plantation 227 0.635
Logged over forest 305 1.73
New corn swidden 1382 1.52
34b
New rice swidden 60¢ 0.86
16582 1.08
14b
2-year-old corn swidden 60¢ 0.42
108* 1.78
17b
19¢ 4.08¢
504 0.69
12-year-old corn swidden 1254 11.64
504 6.73
19¢ 14.15

Source: Adapted from Kellman (1969).

Note: Study was in Mindanao, where annual precipitation averages 422 ¢m with
little seasonal variation. These were small plots (8 m?) located on 25-pereent
slope. Period under observation was January to October with the swidden
treatments starting in mid-February, T'hese results cannot be extrapolated
to watersheds, and the table is presented to serve a qualitative rather than
quantitative purpose.

“Cropping period,

"lntcrcr()pping period.

* Postcropping period.

‘ll’rccr()pping period.

“Cleared after harvest.
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STREAMFLOW QUANTITY

There seems 1o be a widely helid view influencing land use policy that
shifting agriculture is the cause of reduced streamflows, Watters (1971)
reported “the drop in river volume that invariably occurs™ for the Rio Mo-
tatan in Venezuela from 1950 10 59, which he thought was due not to vain-
fall TTuctuations, but to Large-scale shifting agriculture. Also in Venezucela,
Lasser (14955) reported major reductions in water volume for Rio Santo
Domingo as a result of shifting agriculture on steep slopes. Neither these
nor other such veports that could be cited from Thailand, Pakistan, and
clsewhere are based on experiments. Rather they are usually correlations
that show an increasing area under shifting cultivation on one hand and a
decreasing streamtlow on the other, This is by no means equivalent to
cause and eflect. None of the workshop participants was able to provide
anv rescarch evidence dealing with the effects of shifting agriculture on
water vield.

The workshop group agreed that under extensive svstems the effects
would be minimal. Intensive systems, in which much of a watershed might
be cleared and cropped at one time, should increase streamtlow over the
watter vear. Perhaps efleets would be simitar to those reported from Tanza-
nia, where small Tandholding cultivition covering 50 percent of a 20.2-ha
lorest catchment over a ten-vear continuous cropping period gave large
increases i water vield with i doubling of the drv scason base flow (Ed-
wirds and Blackie 1981).

TIMING AND DISTRIBUTION OF STREAMFLOW

Pablic and political conventional wisdom has frequently attributed large
mereases i flood trequency and intensity to shifting agriculture in the up-
lands (see, for example, Spears 1982), Fhere is a dearth of good rescarch
information on which to base such statements, though for the unstable sys-
tems that resultin land degradation there may well be such adverse conse-
quences. However, much of the most serious downstream flooding and
Hlood damage momajor viver systems results from precipitation characteris-
tics and Hood plan occupancy rather than from shifting agriculture,

In spite of the absence ofany vescarch results, there was agreement that
extensive shifting agriculture (as delineated) would have litde impact on
the timing ol stream discharge, unless there was a concentration of cleared
land, in synchrony, ona hvdrologic source arca close to the stream. 1 this
were the case, more rapid stream vesponse might be expected.

ON-SITE EROSION

Saplaco (1981) has studicd crosion from kaingin shifting agriculture in
the M Makiling Forest, Philippines. Soil loss from five land-use types
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Table 6. Four-Year Average Soil Loss for All Slope Categories (Philippines)

Sediment Yield
Plot (t/ha)
New kaingin 1.672
Ol kaingin 1.626
Plantation 0.302
Secondary forest 0.123
Grassland 0.088

Source: Saplaco (1981).
Note: Plot size was 2 X 4 m.

Table 7. Average Erosion Losses Per Day From Plots with Different Land Use

(Philippines)
Sample Period Erosion Loss
Plot (days) (gm/day)
Primary forest 197 0.20
Softwood tree fallow 197 0.29
Imperata grassland 197 0.40
New abaca plantation 197 0.41
10-year-old abaca plantation 197 0.59
New corn swidden 1382 3.03
2gb ‘ 0.65
New rice swidden 1588 1.45
29b 0.37
2-vear-old corn swidden 1004 12.05
29b 9.81
12-vear-old corn swidden 175% 119.31
29b 6.32

Source: Adapted from Kelliman (1969).

Note: Study was in Mindanao, where annual precipitation averages 422 cm with
little scasonal variation. These were small plots (8 m?) located on 25-percent
slope. Period under observation was January to October with the swidden
treatments starting in mid-February. These results cannot be extrapolated
to watersheds, and the table is presented to serve a qualitative rather than
quantitative purpose.

“Cropping period.

b ntercropping period.

was measured (Table 6). New kaingin had the most severe erosion, and
grassland had the least for alt slope categories. The grassland was ungrazed;
hence it produced the lowest sediment yield. For the southern Philippines
(Mindanao), Kellman (1969) showed that crop type, length of cropping pe-
tiod, and vegetation cover affected erosion (Table 7).

Brunig et al. (1975) reports that shifting cultivation in Sabah, Malaysia
during the cropping years gave rates of erosion of 0.5 10 2 mm (10 to 40 t/
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ha) under natural forest. An erosion experiment with volcanic soil in the
prehumid mountains south of Bandung, Indonesia showed little soil lost in
the first vear of cropping after cleaving primary forest and planting vy
rice in catchments ol 4 to 85 ha (unterraced) and 8 1o 65 ha (erraced)
(Gonggrijp 19-41). However, in the second vear, losses of 50 1/ha from the
formerand half as much from the Lavter were recorded. In pilot studies in
Nigeria, Lal (1981) reported soil erosion rates of 0.01 t/ha/vr for tradi-
tonal forest clearing with seeding of maize and cassava,

Nveand Greenland (19607 in their major publication " The Soil under
Shilting Agriculiure” summarized their findings as follows:

Against this general long-term background we may now consider
the elfects of erosion during a single period of cropping,

Whenaforese tallow is cleared and burned nearly all the protec-
tive cover ol vegetation and most of the livtev are consumed, and the
porous, granular mineral sarbace, which is mixed with tinely divided
partially decomposed liner and covered with w thin laver of ash, is
bared to the shantering action of the heavy vain, The remains of the
litter are rapidlv decomposed. and the ash is washed into the soil, or
with exceptionally heavy vain on a relatively impermeable soil it may
be washed off the surface. Nevertheless the constitution of the soil is
sulficientlv stable to survive this onslaught for a few weeks until the
carlv planted cvops fovina protective cover, The etfects are mitigated
by the fact that the plots cleared are small and are usually sur-
rounded by undistarbed fallow so that run-oft has litde chanee to
accumudateand by the fact that the stable surface granules ol soil are
little distarbed by caltivation. Gullving is rare since the shallow sur-
face roots ol the forest trees are left in the ground, and effectively
counter concentrated Flow, Favther erosion depends on the extent to
which the soilis exposed during the subsequent eropping. the com-
mon practice of plinting a mixture ol pevemnial crops is very effec-
tive imnaintainiog a cover, Given small clearings, slopes not exceed-
ing 50 percent, and good crop cover, erosion on latosols under native
practice is seldom serious,

The longer the cropping period compared with the fallowing, the more
serions will e the erosion. In sammary, however, it would scem that the
crosion horrors attvibuted o shifting agriculture have been overempha-
sized, or at least overextended from aveas which are under an unstable
system o areas of traditional shifting agriculture, Sanchez (1979) gives ex -
pressionto thisinanilluminating ianeedote on searching for soil evosion in
the humid trepics of Latin America:

I vecently traveled extensively through the Amazon of Bravil,
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Peru and Ecuador and the Colombian and Fcuadorian sierras look-
ing at crosion problems. “Two conclusions can be made from these
visual observations: (1) The extent of obvious gully erosion in shift-
ing cultivation or pacture systems of the Amazon is insignificant.
One can see crosion caused by road construction, urban develop-
ment, and drainage outlets —civil engineering erosion. (2) The extent
of soil erosion in the Andean region is high in ustic soil moisture
regimes, with a strong dry season, but also very limiied in the udic,
high-rainfall upland areas. Again, most of the obvious erosion ob-
scrved in the Latter areas was directly caused by civil engineering and
not agronomic miscaleulation,

‘The reason for the above generalizations is quite simple: the best
protection against erosion is to have a plant canopy to protect the soil.
hn high-rainfall arcas, whether on the mountains or in the Amazon
basin, there is always something growing, perhaps just weeds or see-
ondary fallow. Nevertheless, the soil is protected, except for the cru-
cial one or two months after burning, but even then the tangle of
charred logs, tree stumps, and partially burned material provides a
degree of cover. Tam more concerned about large-scale erosion in
the ustic highlands of Latin America, which appear to be more frag-
ile ecosystems than the selvas themselves.

SEDIMENT IN STREAMS

There are few data on the effects of extensive shifting agriculture on
stream sediment. Scott (197-4) carried out studies of shifting cultivation
and grassland formation in the tropical rain torest area of the Gran Pa-
jonal of Peru, and showed that sediment yield from new swidden was
higher than from cither forest or grassland. However, these were field
boundary etfects and do not relate directly to the sediment load of streams
cranating from the watershed. Shifting agriculture, by its nature, results
ma mosaic pattern of field and fallow forest or grass, and therefore sedi-
ment produced by the cultivation may be trapped downslope by the fallow
land. Streams may therefore show little change in sediment load unless the
clearing is at streamside.

NUTRIENT OUTFLOW

Slash-and-burn agriculture is based on cultivated crop response to the
accumulated nutrients released from the forest vegetation following
burning. The available nutrients decline due to removal in crops har-
vested, oxidation of organic matter, and leaching, or to erosion and runoff
duc to rainfall. When the level has reached a point where crop yields are
no longer satisfactory (and weeds and pests beco-ne 190 troublesome), the
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plotis fallowed and i new area is cleared and burned. Thus, some of the
nutricnts are lost from the site, and some of these do move into the
groundwater and streams. Itis widely held that the fertility of the soil can-
not be maintained under shifting cultivation. For example, FAQ (1958)
states that “at cach turn of the ¢rcle the soil becomes more depleted of
nutrients and its productivity is less, and more short-lived.” On low-nutri-
ent-status soils in Venezuelan Sanazonia, Jordan (1980) studied nutrient
leaching following cleaving and burning ol tropical rain forest. There were
Lrge losses of K, M and nitrates from the plotallowed to regrow immedi-
atelv and the plor put into cassava (maniocy with some pincapple, cashew,
and platano. The caltivated site was maintained for three vears, and this
plotlostmore PONH N and especially Ca, to the pointwhere Jordan sug-
gested that nutrient losses under such practice would hinder the eventual
recovery of the forest,

Nve and Greenland (1960), in their major work on “The Soil under
Shilting Cultivario” examine the world literature and come up with an
cquivocal answer, depending on soils, vegetation, crops, and length of fal-
low. In some areas of the world, this practice has been going on for hun-
dreds ol vears, withoutapparent decline in productivity over the cycles,

SUMMARY AND IMPLICATIONS

Shifting agricultural practices, whether extensive or intensive, do have
mmpacts on the hvdrologie, evasional, and nutrient chavacteristics of water-
sheds. There is no gainsaving that dense populations of nontraditional
cultivators cropping insteep tevrain in the tropics and subtropics and con-
tinually advancing into steeper upper watersheds and more marginal envi-
ronments are having significant and deleterious effects on the nutrient
outtlow, peak stormflows, crosion, and stream sedimentation. Migrant
groups or new colonists with little understanding of the ccosystem’s carry-
g capacity have produced off=site effects that have alarried observers
and downstream populations. They have given shilting agriculture in gen-
cralan image that has led foresters and Lmd-use planners to regard this
Farming svstem as the principal villain in the watershed drama. There are
few reliable datato support this belie L but one can piece together evidence
from watershed rescarch dealing with some agriculture or effects of fire.
For mstance, inunstable svstems in the tropical dry forests, slash-and-burn
agriculture by nontraditional farmers may employ intensive burning over
large areas. One mis then with some justification take note of results from
Australiavor Arizona, where wildfire in gauged watersheds produced dra-
matic increases in stormflows and stream sediment (Glendenning et al.
1961 Brown 1972). Specific rescarch is needed for tropical moist and trop-
ial dry torests in gauged watersheds on this important land-use topic.



A similar lack of data plagues the situation with extensive, sustainable
shifting agriculture. Observation, intuition, and analysis of the hydrologic
processes involved indicates that the effects on the variables considered in
this workshop are localized and transitory. Erosion is an inevitable conse-
quence of the process of clearing, huraing, and cultivating on sloping land.
The variations—in degree of slope, in period of cropping, in crop type, in
length of cleared slope, in tools used, and in whether the slash is burned or
merely chopped and scaitered —all make generalizations abow quantifica-
tion meaningless. Suffice it to sav that in the sustainable systems as deline-
ated in this section, soil losses {rom the area are not a cause of productivity
decline and henee abandonment of the area, except over very long peiods of
tme. While nutrients are lost from the cleared plot, they are replaced in the
fallow period. Some of these systems have been in place for many genera-
tions without serious land degradation or nutrient impoverishment.

Morcover, because of the mosaic pattern of surrounding fallowed land,
what erosion does take place is usually trapped at the plot boundary. Thus
stream sediment inereases are not an inevitable consequence of stable
shifting agriculture (ualess the clearing is on sloping land adjacent to a
water channel). And beczuse the arca cultivated in i watershed in stable
svstems at any one time is usually less than 20 percent of the entire area,
the effects on stormflow peaks is probably fairly small. “Total water yield
from i witershed subject 1o stable shifting agriculiure is thought 1o be
greater than from an undisturbed watershed,

On the basis of evidence available to the workshop participants, there
seems no compelling veason to move traditional shifting agriculturists om
ol watershed areas in the name of improved soil and water regrimes if they
are engaged in sustainable, stable systems. Tlis would not be true for wa-
tersheds providing unticated water for municipal domestic use. In other
watersheds, however, it might be much more eifective to work with shifting
agriculturists to help them in maintaining stable svstems, This might take
the form ofassistance in obtaining suitable food and torest trees for plant-
ing inan agrolorestry svstem. e program of Fovest Occupancy Manage-
ment, which is being attempted in the Philippines (Duldulao 1981), is a
positive overture in this direction.

Unstable slash-and-burn, carvied out by migrants who maintain cash
cropping until the site is impoverished or converted to a degraded grass-
Lund, is quite adifferent matter, and the implications of this are discussed in
other chapters,
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3
Harvesting Fuelwood and
Lopping Fodder

The forest continues 1o be the major source of energy for cooking and
warmth in many tropical countries. Lopping twigs and branches to provide
foliage as fodder for livestock is also a widespread practice in developing
countries. Lasome countries, the practices are often associated. As defined
herein, the impacts of these activities will be based on sustainable levels of
harvesting (not overcutting or overlepping the renewable growth) and on
situations where there is no roading and no use of machinerv in the har-
vest orextraction,

Where the levelof fuelwood harvesting is so great that the forest is being
chminated, itis considered a conversion 1o another use. Such levels of cut-
ting in the tropics are often associated with grazing practices, and in reality
the torestis being grazed (see Chapter 5 for impacts) or is being gradually
converted to grasstand/savanna (see Chapter 8 for impacts). The same is
true forexcessive fodder lopping. In cases where overharvesting results in
ceath of the trees and then usually their removal as fuel), the forest is
actually undergoing conversion. Usually this is a conversion to grazing, and
again, effects ave presented under *Grazing on Forestland” (Chapter 5)or
“Conversion to Grassland /Savanna” (Chapter 8). These unsustainable lev-
cls of harvesting unfortunately are all too common in the uplands of the
tropical world and too often result in degraded lands, which aggravate the
rural poverty situation and which produce harmful off=site effects down-
streant. Fhe impact of these activities tends to decrease with distance from
avillage or setlement, and there is probably a gradiem from nonsustain-
able to sustainable cutting and lopping as the distance from the settlement
increases.

Where roads and machinery are used 1o harvest fuelwood, the effects of
such action are dealt with in the chapter on *Harvesting Commercial
Wood."

‘The major hvdrologic impact of sustainable fuelwood cutting or fodder
lopping occurs because of a reduction in the canopy. This results in de-
creased interception, increased throughfall and decreased evapotranspi-
ration.



GROUNDWATER, SPRINGS, AMND WELLS

No evidence was available to indicate the impact of sustainable fuclwood
cutting and fodder lopping on groundwater, springs, and wells, In theory,
the increased throughtulland reduced evapotranspiration might increase
the amount of groundwater recharge, and levels might rise.

STREAMFLOW QUANTITY

Since sustainable fuelwood harvesting or fodder lopping is similar to
fovest thinning, results trom forest thinning activities were deemed applhi-
cable. Temperate zone research indicates first vear inereases in streamflow
i proportion to the degree of canopy removal (Douglass and Swank 1975).
Fhis effectwas confirmed by astudy in the Philippines involving different
degrees of thinning of Benguet pine (Veracion and Lopesz 1975). Annual
cutting or lopping on a sustainable basis should result in somewhat in-
creased annual water vield.

TIMING AND DISTRIBUTION OF STREAMFLOW

Thereare no good daticoming directly from researeh on how fuelwood
cutting allects the viming of streamtlow. On some ef the outer islands of
Fiji. where villagers were using up to 1300 kg per capita per vear in a sea-
somal climate, the local wisdon is that low Flows in streams have been T
therreduced by this activity, This does not coincide with results from thin-
ning experiments in conivolled catchments in the temperate zone, where
cutting of trees (reducing canopy) changes distribution by increasing {low
levelsin those months when flows were lowest tDouglass 1931,

This topicis of considerable interest in Fiji, where there is some contro-
versy over the effects on low flows of streams of the establishment and
subscequent thinning and harvesting of pines in the Fiji Pine Corporation
scheme, A study has been initiated in Fiji, partly as an ontgrowth of this
workshop.

ON-SITE EROSION

Since by definition of this activity, no voads or michinery are involved in
the harvest, the main causes of erosion are not operative. Manual or ani-
mal power removal of cut material mav result in some dragging of mate-
rial, which could initiate some channeling of water and then erosion. The
intensity of the activity, the slope, and the nature of the soil are key factors,
In Taiwan, Yuan lin Lin (1981, Pers. Comm.) reported on a study in which
550,000 m*/vr ol Tuelwood were removed from a 2,100-ha watershed with
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a resulting soil loss of 2 mm per year. This was regarded as normal and
tolerable for the particular conditions of topography, soils, and climate.

Sustainable fuelwood cutting itself should have no effect on rate of ero-
sion. Evenif the levels of cutting ave sustainable, however, the way in which
the cut material is removed could increase the erosion rate or initiate gul-
lies. Hominimizing erosion is the concern, then eftorts should focus on ex-
traction methods. Repeatedly dragging material downhill on the same
track,even by hand or with animal power, is likely to result in gullying.

Fodder lopping has linde effect on erosion unless it be erosion on the
trails used in harvesting, Unfortunately, this practice is often combined
with livestock grazing in the steep lands of the Himalayan are, and Mega-
han (1981, Pers. Comm.) and others report that there the pressures to over-
harvest in “the commons” vesult in the death of trees, overgrazing, in-
creased runoff and gully erosion,

SEDIMENT IN STREAMS

Since sustainable harvesting of fuclwood and fodder as defined is with-
out roading and machinery, it does not significantly increase on-site cero-
sion. There would therefore be no increase in sediment delivery (o the
streams.

NUTRIENT OUTFLOW

Although nutrients in the form of wood and leaves are removed from
the system, and such a drain inereases with decreasing rotation in the case
of fast-growing trees, the decreasing rotation and the increase in nutrients
washed out of the forest and into stream: .re not deemed 10 be of great
importance under the conditions specified.

SUMMARY AND IMPLICATIONS

Policies with respect to use of fuelwood and fodder foliage in important
watershed aveas should concentrate on two factors:

I. Restricting the intensity of havvesting o long-ter sustainable levels
so that the forest remains a forest and is not on a slow or rapid conver-
sion curve toamother use with less desirable soil and water impacts.

2. Controlling the wav in which material is removed from the forest. Use
of roading and machinery requires special measures to minimize ad-
verse changes in runofl] ermsion, and sedimentation. (See Megahan
1977, " Reducing erosional impact of roads™; Gilmour 1977, “Logging
and the environment, with particular reference to soil and stream
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protection in tropical rainforest situations.”) Even manual removal or
use of animal power may need to be controlled o guided so that the
mpacts ave diffused over the arca rather than concentrated, and min-
imized rather than maximized through judicions allocation of cutting
or fodder lopping hlocks,

With control, there is no intrinsic reason why harvesting fuelwood and
lopping fodder need be prohibited in watersheds. Statements such as
Openshaw’s (1970 that the principal cause of the recent floods in the In-
dizm subcontinent was the removal of the tree cover in the catchment arcas
for firewood (and shifting cultiviaion) ave apt o fead 1o overreaction, This
assertion is Tuzzv at hestand inaceurate at worst, How the Tuelwood s re-
moved and whether the forest renvains forestor is transtormed into inap-
propriately used grazing land or cropland, has much more 10 do with the
downstream ills often ascribed 1o fuelwood cutting. Much of the steep
Himalavan foothill land has indeed been degraded through uncontrolled
fuelwood cuting and fodder lopping, and has become overgrazed de-
nuded Land —not forest. This conversion has indeed caused incieased run-
ofl, increased erosion, and increased sediment loads in streams and rivers.
Flooding has been aggravated, but this is not equivalent to statements that
Fuclwood cutting is the principal cause of major lower basin floods.
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4
Harvesting Commercial Wood

A large arca of tropical forest has been subjected to commercial wood
harvesting since the end of World War 11, and the area logged increases
almost every year. Between 1950 and 1973, the developed world’s imports
of tropical hardwoods increased from 5.2 million m?* to 52 million m?
(Grainger 1980). Domestic use of the hardwoods by tropical countries also
increased dramatically in that period, adding to the impact. FAQ (1979)
estimates that more than 1 billion m? one third of the wood removed from
the world's forests for human use, comes from the tropics. Carrently, more
than 70 percent of vropical wood exported is from Asia and the Pacific
(FAO 1979, Wood exports from the tropics have been inereasing at a rate
of 7.1 percent i volume annually over the years 1970 1o 1980 (U.S. Inter-
agencey Task Foree onTropical Forests 1980),

The impact of commercial wood harvesting on the watershed variables
considered here depends on several factors, including:

o Fheamount of canopy removed;

o T'he amount of biomass removed (including how much slash remains
on the area);

e The product removal methods;

o T'he timing with respect to wet and dry season;

o T'he soil, geologic conditions, and topography:

o ‘I'he extent, nature, and usage of roads, skid trails, and landings;

o I'he methods of slash disposal and site preparvation;

o T'he promiptness with which regeneration occurs (or reforestation is
carried out);

o The presence orabsence of adequate riparian buffer strips; and

The nature of chimatic events following disturbance.

When considering commercial harvesting of trees, it is necessary to
make a distinction between the effects of reducing the amount of forest
cover and the effects of removing the exploited products (logging). More-
over it is helpful to distinguish, within the logging activity, between com-
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monly used practices that give scant regard to impacts on soil and water,
and those "improved™ harvesting methods that include a major compo-
nent of environmental protection with regard o watershed values. ‘This
chapter will theretore attempt o identify vescarch vesults by whether they
are:

v Impacts ol canopy reduction or removal (herein catled "cutting™);
o Impacts of commonly used logging methods: or
e Impucts of improved watershed protection logging.

Figure 2 illustrates some likely changes in the hydrologic behavior of a
watershed following partial or complete canopy removal by tree cutting,
The variables considered inthis book arve in the lower tiers of the diagram.
The mechanisims or processes divectly affected by tree removal are in the
top tier, hoxes A throngh E and the linkages are indicated by arrows and
intermediate hoxes. The word “likelv™ is vsed hecause the reaction of a
wittershed to such i change is the result ol a complex interaction of a range
of variables, novthe least of which is the amount of canopy or tree removal,
from slight (as under selection cutting) to complete as in clearfelling).

In general, the inital, divect impacts of havvesting (called deforcstation
in Figure 2), are as follows (Megahan 1982, Pers. Comm,):

L. Reduces protection—including iree canopy, understory canopy and
litter, "This vesults in greater vaindrop impact energy (usually) and
hares soil,

2. Changes soil properties--including compaction, disaggregation, loss
of organic matter, water repellaney, ete. This results in reduced infil-
tration and increased soil erodibility.

3. Reduces ranspiration, increases aiv movement, and changes temper-
atwre. This changes evapotranspiration, usually reducing it.

1. Reduces root mass. 'This reduces soil shear strength, which will not be

as serious in coppicing tree species.

Loses water capture function in i “cloud forest” situation, This re-

-

duces etftective on-site precipitation.
GROUNDWATER, SPRINGS, AND WELLS

Reduction in canopy from tree felling results in reduced evapotranspi-
ration until the canopy is restored by regeneration. This reduction should
result in higher stored soil moisture and thus make more water available to
recharge groundwater, springs, and wells. ‘Throughfall is usually in-
creased because ol the reduction in interception, thus allowing a greater
percentage ol the vianfall to reach the forest floor (particularly important
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during light intensity, short duration precipitation events and of minor
consequence during high intensity and prolonged storms). Any addi-
tional precipitation reaching the forest floor will either infiltrate the soil.
contribute to surface runoft, or evaporate. Increased raindrop impact will
be minimal if'ivis possible 1o retain forest root mat and liver, and in such a
case, reduced inlilration vates should not occur, Thus, water movement
processes in forests should vesultin o net inerease in groundwater follow-
g canopy reduction, with the effect persisting until full canopy is re-
stored.

Aspectal situation exists where
montane dwart lorests and ellin woodbinds) or coastal fog forests exist,
capturing occult precipitation and adding it to the water budget of the
svstem. Ekern (1960 in- Hawait found that plantations of Arancavia het-
evopliylla, with an annual vaintall of 2,600 mm, condensed an additional
760 i trom cloud Tormidions. In Mexico, Vogelmann (1973) obtained
substantial increases in dry season precipitation by inducing fog capture
through simulation of the effect of trees (102 pereent inerease at one sta-
tion). Incoastad “fog forests™ in Oregon, Isaac (1946) found annual precip-
itation of 252 cmin the forest, versus 200 ¢m in the open. Removal of the
canopy reduces this caprare and mav result in decreased groundwater re-
charge. Zadroga (1981) pointed out thae: = The wvpical positive effect oc-
curs when cloud banks enshroud mountain slopes during dry scason
months when lietle or no rainfall (vertical) is recorded. Under these condi-
tons moisture may condense upon exposed vegetational surfaces and drip
or run down stems to the ground, theveby recharging soil and ground-
water supplies and thus maintaining stream discharge.” However, no ex-
perimental vesults are vet available to support or quantify the presumed
clfect of adecrease in groundwater from a removal of cloud forest (Za-

‘cloud forests” Gilso vartously known as

droga TU81, Pers, Comm.).

Aside from cloud foresis,increasing heights of water tables have usually
followed cutting of forests in arcas vohere permanent water tables are
forund (Wicht 19-419). Gilmour (1977h) showed ina tropical vainforest situa-
tionanapproximate 10-percent increase in groundwater storage after log-
ging. O'Loughlin (1981, Pers. Conmm) supgested that experience with for-
esteutting on tHat valley hottom Lainds in the wet parts ol New Zealand is for
an increase in groundwater level, However, he calls attention o one study
by McDonald (1955), who was unable to detect differences between for-
estedimd adjacenteleared sites. Boughton's (1970) review of experience in
Australia and elsewhere showed almost total consensus on increases in
groundwater following clearing. he Working Group on Influence of
Man on the Hydrologic Cyele (1972) reported the only example of the
reverse effect from e situation in Russia where most precipitation oc-
curred as snow on frozen soils,
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In the case of forest harvesting, and not forest clearing for other use, any
increase should be temporary and will diminish as the new forest regrows.
Roads are a confounding clement, however, since they may cut across
groundwater aquifers, especially springs, and channel the water off-site.
Careful road Tayout in improved watershed protection logging generally
can avold this problem. Soil compaction by heavy machinery in highly
mechanized logging can reduce infiltration and hence decrease groumd-
witer accessions, but reduced groundwaier levels have not been found in
any documented research.

STREAMFLOW QUANTITY

Almost every well-designed experiment has shown increased water
vield as a response to forest cutting, and in general the increase is propor-
tional to the amount of canopy removed. The increase declines as full for-
estreturns to the site. The most recent review of catchment experiments
has been undertaken by Bosch and Hewlett (1982), In assessing the results
from 94 catchments, they have added the results of 55 experiments to
those assessed by Hibbert (1967) and come up with the same conclusion:
no experiments in deliberately reducing vegetative cover (e.g,, by logging)
caised reductions in vield. Morcover, they even suggest some predictive
generalizations as follows:*

e Coniferous and cucalypt cover types have approximately a 40 mm in-
crease inwater vield per 10 percent reduction in cover.

e Deciduous hardwoods have approximately a 25 mm increase in yield
per 10 percent reduction in cover.,

The paired catchment results from Bosch and Hewlett ( 1982) are shown in
Figure 3 for different percentages of cover reduction (including scrub),
There are few paired-catchment studies in the humid tropics, where so
much logging and forest conversion are now occurring. Figure 4 shows the
results from one of the classic studies —Watershed 17 at Coweeta (U.S),
which was clearcutand then cat annually for seven years to keep regrowth
in check. Boschand Hewlett suggested that the inereases due to cutting are
greatest inhigh vainfall arcas but that the effect is shorter due to more
rapid regrowth,

In Taiwan, Lin (1981, Pers. Comm.) reported paired-catchment results
showing similar kinds of increases following clearcutting and skyline log-
ging, with {irst-yeo= streamflow exceeding the expected value by 292 mm

1t should be kept in mind that these are rough generalizations and may be wide of the
nark forany particular environment and treatment,
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Figure 3. Yield increases following changes in vegetation cover. (Adapted from
Bosch and Hewlet 1982)

(18 percent), with greatest inereases (108 percent) occurring in the dry
season. A clearcut experimental watershed in central ‘Taiwan is shown in
Figure 5.

A major exeeption seems to be where oceult precipitation is i major fac-
tor in the water budget. In coastal € yregon, Hare (1980) found no increase
inwater vield following pateh clearcutting, He attributed Jhis to the loss of
the fog dripaccessions to precipitation,

On some watershed experiments in Japan under winter snow patterns,
Nakino (1967) found onlv minor increases in annual flow in some small
mountain drainages, though on others, increases ol from 8 (o 24 pereent
were obtained. However in subsequent analvsis and modeling for five catch-
ments, Nakano (1971 reported increases ol 10,30, 33,43, and 16 percent.
In tropical hmid Queenshnd also, no dramatic increases in yield were
observed following logging (Gilmowr etal. 1982), While statisticallv signif-
icant imereases in monthly totals were obtained following clearing for pas-
tare (a 10 percent annual increase or 298 mm), no significant increase
occurred from “unconstrained” logging, Gilmour ¢t al. attribute the
anomaly of their results to the relatively minor role of vegetation changes
tn the sitwation ol soils with limited water storage capacity (20 ¢cm), over-
Lind Now even under undisturbed forest, and an intense monsosn storm
pattern (¢.g, maximum G-min storm rainfall equivalent 1o 70 1o 150 mm/
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Figure 4. Average monthly streamflow and increase in flow during seven years of
annual recutting on Watershed 17. (Douglass and Swank 1972)

hr). Logging did, however, have a marked effect on erosion and sediment
and caused small increases in peak discharge.

Total annual water yield increases have not been shown to change ac-
cording to whether the logging was done with or without watershed con-
servation methods. However, one of the consequences of the lower amount
obsite disturbance that accompanies conservation logging methods would
be the more rapid recovery to the prelogsing regime, with more rapid and
complete regeneration,

Partial cuts result in smaller increases in yield, but the shorter cutting
cycle for a watershed, which could result from partial cutting, would mean
more frequent occurrences of increased yields. Results from catchment
studies in New Zealand give some specifics on this aspect of water yield. In
@ 2,600-mm vainfall regime at Maimai, 100 percent clearfelling (slash
burned) gave a 650-mm increased annaal yield, and 75 percent clearfell-
ing (slash burned) gave a 540-mm increase (Pearce 1980, Pearce et al.
1980). On a nearby catchment with annual precipitation of 1,550 mm,
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O'Loughlin (1981, Pers. Comm.) reported a 200-mm increase from a 50-
pereent clearfelling.

TIMING AND DISTRIBUTION OF STREAMFLOW

With the exception of the results obtained by Harr (1980), who found a
decrease inlow-flow months following patch clearcutting of a forest where
some of the fog occult precipitation capture was lost, other studies where
changes occurred showed increases in low-scason flows. The Coweeta
(U.8) clearcur watershed (not logged —simply cut) showed this low-flow
augmentation clearly (see Figure 3). OF this temperate-zone, deciduous.
hardwood forest, Douglass and Swank (1975) stated:

A forest cover had no measurable effect on monthly How when soil
storage space was charged with moisture (season ol high {lows). Be-
forcand after clearcutting, the watershed contained nearly equal vol-
umesof water during late winterand carly spring, and the hydrologic
response was about the same,

Figure 5. Taiwan Forest Rescarch Institute 5.8-ha clearcut watershed (average
A0-percent slope, 2,500 mm rain) to determine effect on water vield
and distribution.
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As the growing season progressed. however, the difference in
moisture storage between the cut and forested conditions progres-
sively increased. Drainage reaching the stream shortly after a rain
was proportional to the moisture storage difference between the for-
est and clearcut conditions. Streamflow increases began in about
Juneand increased in magnitude as the growing season advanced., In
September, October, and November, streamflow was increased by 100
pereent. Thisis precisely the season when demand for water is great-
est and unregulated flow is lowest. Large increases continued until
December and then declined as the difference in moisture storage
between clearcut and forested conditions declined. For treatments
which produce less drastic storage differences, recharge occurs more
quickly and increases are not delayed as late into the winter.

Stormtlows were inereased less than 20 percent in the first years after
cutting at Coweeta, and the regrowing forest reduced stormilows helow
pretreatment levels after about eight vears (Douglass, 1981, Pers. Comim.),
It should be kept in mind that these witershed forests were cut but the
products were not removed by logging,

Work at Hubbard Brook (U.S), also with no logging, confirms the gen-
eral effects set forth, Even with logging, Nakano (1971) in Japan found
similar results, with litle or no increase during the wet season (snow), and
the greatestinereases oceurred in the dry season (growing season), In New
Zealand, however, where logging was carried out, Pearce et al. (1980) re-
ported that inan evergreen podocarp-beech-mixed-hardwood forest cateh-
ment that was 75 pereent elearcut, increases occurred in all months of the
vear. Sixty pereent of the increased vield appeared in larger stormflow
volumes. However, the time to peak discharge from the initial vise of indi-
vidual storm hydrographs was not influenced significantly by the harvest-
ing. More recently, both partial and clearfelling treatiments on four other
watersheds at the same experimental site in northern South Island gave
increased vields rather uniformly across all months of the year
(O'Loughlin 1981, Pers. Commny.).

In the Appalachian wountains of West Virginia (U.S.), a watershed clear
cutand logged gave sigaificantly increased yields during the growing sca-
son months (including the usuat low-flow months), extending from June
through November, with only slightly increased vield during the dormant
scason (Reinhart et al. 1963). Diameter limit and selection logging in-
creases were more apparent in the driest months (September, October),
The cutting had a strong effect on low flows, and the heavier the cut, the
greater the effect. In the two years following the harvesting, the daysof low
streamflow were reduced from 145 to 43 on the clearcut, from 103 to 29 on
the diameter limit, from 75 to 40 on the extensive sclection, and from 85 to
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Figure 6. Sample storm hydrographs of clearcut and control catchments before

and after treatment in West Virginia, US.A. (Reinlart etal, 1963)

67 on the intensive selection (Reinhart et al., 1963). As to effects on high
[low, storm flow from the clearcut watershed was several times that from
the control. Figure 6 shows sample storm hydrographs on three successive
days in the growing season for the clearcut and the control. The authors
summarized the effect of cutting on flood flows as follows: The effect of
heavy cutting on high flows was variable, depending on the presence or



37

absence of snow, antecedent soil moisture, and probably other factors; in
the dormant season the effect was not usually great; in the region of the
experiments, flood occurrence was greater in the dormant season.

One of the few studies from the tropics was carried out in North
Queensland, Australia. Gilmour (1977b) stated that prior 1o logging,
North Creek ceased to flow some years for varying periods before the
beginning of the wet scason, but that after treatment the creck remained
perennial. The highest percentage increases were in low-flow periods,

The Coweetaresults of studying the impact of timber harvest on timing
and distribution of vield are the most detailed and long term. Douglass
(1981, Pers. Comm.) summarized these so well in his presentation at the
workshop that the full text appears as Appendix B Included therein is a
briet physical description of the Coweeti area that may aid in judging dif-
ferences and similarities with tropical conditions. The Coweeta studies
showed greater increases in stormflow volume, peak flow, and stormflow
duration with cutting, and these increases were greater in the watersheds
with deepersoilsat lower elevation (e.g., 10-mm storm low increase versus
2h-mm inerease for shallower soils, higher clevation). Carcfully con-
structed roads and good harvesting techniques produced farger increases
in these hvdrograph parameters than cutting the forest without harvest-
g, indicating the important effect of skid trails and roads (Douglass 1981,
Pers. Comm.). Thereis an implcation that poorly constructed roads would
increase stormflow pirineters even more.

ON-SITE EROSION

Erosion is not usually an important process in the undisturbed forest,
butit can ocenr: Where mineral soil is exposed in a forest, soil detachment
due to splash erosion can exceed that ocenrring in the open, primarily due
to larger drop size. This was the conclusion of a study of kinetic energy of
raindrops and surface erosion in New Zealand. Mosley (in press) showed
that the kinetic energy of throughfall under beech-podocarp-hardwood-for-
est canopy was always greater than that of ramfall in the open, notwith-
standing interception losses. During a typical rain event in which 51 mimn
fell in 36 hours, the total kinetie energy of throughfall was 1.5 times
greater, and the mean amount of sand splashed from cups was 3.1 times
greater under the canopy than in the open. Socmarwoto (1982, Pers,
Comm.) also found greater splash erosion under iree canopices in Indone-
sta, with larger drops occunring from leaf ddrip than in open rainfall.

While overland flow with surface erosion potential is not considered an
important problem i most temperate watersheds (Hewlett and Hibhert
1967), widespread overlind flow occurred in an undisturbed Queensland,
Australia, rainforest catchment during the monsoon and postmonsoon
scasons (Gilmour et al, 1982). This was attributed to low permeability of
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the soil below 20 ¢m and to the precipiiation pattern. Sheet erosion oc-
curred under these conditions. T'hat i was not more serious, the authors
explained as follows:

However it is equally apparent from the monitoring studies that the
vegetation and condition of the soil surface are major influences on
the circhment’s erosion generation response during wet season storms,
The undisturbed vainforest with its different vegetation lavers, dense
undergrowth of saplings, Liwver palins, vines, ferns and patches of de-
caving organic litier, provides some initial protection against raindrop
impact. The extensive network of tree trunks, small stems, buttressed
roots and surtace roots also provide s many impediments to downslope
sediment transport that would otherwise occur given the presence of
widespread overlind flow. In addition, the surface soil has been ame-
liovated by the continual incorporation ol organic matter to provide a
thin but very stable and Yighly permeable zone,

Disturbance by logging under such conditions obvioush has the poten-
tial for sevious increases inerosion. Cassells (1981, Pers, Comm.) suggested
that while overland flow might be a rare eventin some humid tenmperate
watersheds, the experience in Queenstand, Gind perhaps that in other
monsoonal climates such as Taiwan, Fiji, and the Philippines —all vepre-
sented at the workshop) indicated substantial overland flow and conse-
quentlv some erosion, and cevtainly high erosion hazard, Peh (1980) also
suggested that overland flow is a significant erosional and hydrological
process undertropical rainlorest conditions in Malavsia,

When commercial wood harvesting occurs, erosion increases markedly.
Thin thisis due mainly o the soil disturbanee occasioned by extraction of
the cut manerial s illustrated i the Coweeta (UWS) experimental water-
sheds, Douglass (1981, Pers. Comm.) reported that there was still no over-
land flow with cleircatting (but no product removal) and henee no in-
crease inerosion, He stated that on these relatively deep soils where
infiltration exceeded maximum rainfall by threefold 1o twentyfold even
alter cutting, erosion [rom the Lind surface does not occur ifimber is cut
but products are not removed nor voads built. This conclusion is sup-
ported by the clearcut-but-no-product-removal experience at Hubbard
Brook (U.S) (Likens et al. 1970),

However, studies of mass erosion on unstable slopes give one pause to
wonder even about tiee catting with no logging in these special “eritical”
arcas. Mass erosion is attributed 1o inereases in the saturiated soil zone and
decreased root shear sirength caused by root decay following cutting,
Where logging is involved, the situation may be exacerbated by over-
steepened slopes in road cuttings, often continually wet at the toe of the
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slope. Accelerated landslide activity following timber harvest has been re-
ported in the western United States, Taiwan, Japan, and particularly in
New Zealund.

In New Zealand, studies on the influence of timber removal on slope
stability and mass erosion show variation from one site to another depend-
ing un geology, slope steepness and length, and raintall. In Mawhera State
Forest, clearfelling increased landslide densities from 1 per km? to 20 per
km* (O'Loughlin and Pearce 1976). The importance of tree roots for soil
shear resistance has been emphasized (O'Loughlin 1974; O'Loughlin and
Watson 1979). Under conditions of soil saturation, 80 percent of the total
shear strength may be attributed to tree roots, Under New Zealand's condi-
tions, tree roots lose their tensile root strength very quickly alter the death
ol e,

In the Maimai (N.7.) experimental watersheds, 98 pereent of the slope
failures occurred during two exceptional stortus, which occupied only 0.15
percent ofthe total study time (6 years) (O'Loughlin et al. in press). In one
storm with a return period of about 10 vears, no landslides were recorded
i undisturbed watersheds or those that had been clearfelled for less than
20 months. However, the storm caused 18 landslides on the slopes of four
watersheds which had been clearfelled for 20 months or more. The vol-
ume ol landslide debris moved from slopes to strecambeds in these waier-
sheds averaged 044 m*/ha. The loss of tree root stabilization appears to
have beena dominant factor in landslide initiation.

These studies indicate the site-specific nature of the effects of timber
harvesting. Fromany aveas slope stability and mass erosion are not of great
Importance (e.g., at Coweeta, U.S). Areas with slope stability problems can
be identified in advance.

The way in which products are removed, involving log landings, skid
trails, and roads, certainly produces the most sevious adverse watershed
consequences in commercial wood harvesting, both in tropic and temper-
ate zones. Inreporting on the impact of commercial harvesting in the hill
Dipterocarpus forests of Peninsular Malaysia, Burgess (1973) found that ap-
proximately 16 percent of the area was disturbed in road surfaces, road
spoil, and log Landings, and that these areas showed severe crosion, espe-
cially gullying. In Queensland, Australia, the arca disturbed by logging is
commonly up to 25 percent of the total. In the Northwestern United
States, the vaviation in bare arca following logging, depending on the
method, was shown by Rice etal, (1972). For jummer logging group sclec-
tion, 25 to 30 percent bare; for high lead clearcut, 6.2 pereent; for skyline
clearcut, 2.0 pereent; and for helicopter elearcut, 1.2 percent.

Allworkshop participants confirmed the accelerated erosion from these
disturbed areas. Experimental evidence was produced from A ustralia, Ja-
pan,and New Zealand (for example: Gilmour [19774), Tsukamoto [1975],
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TABLE 8. The Influence of the Regrowth that Occurs in Erosion Rates on
Skidding Roads in an Indonesian Logging Situation?

Erosion Runoff

Plots/ Treatments t/ha/mo m3/ha/mo
Newly constructed and used skid road 12.90 189. 14
Newlv constructed but unused skid road 10.80 148.56
Two vears abandoned skid road 6.15 12.70
Three vears abundoned skid road 3.20 19.22
Forest undisturbed no skid road 0.00 2.09

Sowrce: Adapted Prom Rushind and Manan (1980),
ASlope 8= 10 percent; precipitation, 2,429 mm/ve; Latosol; plot size, hm x 9m;
observation period, 3 monihs.

and O'Loughlin and Pearce [1976]). A study of crosion difterences be-
tween undisturbed forest and skidding roads in a tropical country (Indo-
nesia) isshownin Table 8 Rusland and Manan 1980). The intluence of the
regrowth that occurs in v skid wrails after abandonment is evident. Lim
Suan (1980) in the Philippines reported that of the different disturbed
arcasin alogged-oversite, the most severe soil erosion occurred in plotson
the road fillslopes.

The importance of roads has been emphasized in United States studies
ol erosion following timber harvest. In steep central Idaho, Megahan and
Kidd (1972) found over a six-year study period that surface erosion per
unit of arca disturbed by roads averaged 220 times greater than that on
nearby undisturbed Tands: erosion on the area disturbed only by cutting
and skidding (skvline svstem) was only 1.6 times greater than in the undis-
turbed arca. Megahan (1976) pointed out that inaddition to reduced infil-
tration rates on road surfaces due 1o soil compaction, roads have additional
[eatures that tend 1o aceelerate erosion: inereased slope gradients on cut-
and-fill slopes: interception of subsurface water flow zones: and concen-
tration of overknd flow of water on the road prism and in channels. Prob-
lems associated with roads can be reduced by proper road location and
design. The 170/ ha/vr of soil eroded from the surface of a well-designed
but unsurfaced road compared with rates of 1,200 t/ha/yr for a poorly-
designed one (steep grade without adequate outsloping or breaks in grade)
at Coweeta (US) (Hoover 19:45). Gilmour et al. (1982) pointed out how
important the preplinning of the road and skid trail network is for the
high-crosion-potential sites in steep lands of the humid tropics where con-
ventional ground logging can distirh up (o 25 percent of the arca. The
FAO Conservation Guide entitled “Guidelines for Watershed  Manage-
ment” contains articles by Gilmowr (1977a), Megahan (1977), and Rice
(977) presenting practical guidelines to reduce erosional impacts of com-
mercial hinvesting ol forests,
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SEDIMENT IN STREAMS

In monitored catchment rescarch, one of the more common ways to de-
termine the impact of harvesting commercial forest on erosion is to mea-
sure the sediment content of water flowing from the experimental area.
Although this provides a general idea of treatment effects on erosion, the
source ol the sediment may not be known specifically. Surface erosion,
niss crosion, and stream channel erosion result in sediment in streams.
Eroded soil vesulting from disturbance in one place on a watershed may be
trapped downslope by an undisturbed area and never appear as stream
sediment. 'Fhe very great importance of filter/buffer strips retained in
natural vegevation along watercourses is emphasized, because of this soil-
and nutrient-) trapping effect. Sediment in streins can increase not be-
cause the treatment changed the erosion rate, but because it changed the
Hlow rate and volume in the stream so that more stream channel erosion
oceurs. Thiseffect was indicated in Figure 2,

Moreover, the sediment showing up ina stream after one event, such as a
storn, mav have come from a temporary storage where eroded soil was
deposited tollowing its initial crosion during a previous event. A graphic
display of these crosion and sediment processes was given by Megahan
(1981 and is presented here as Figure 7.

Forall of these reasons, there is not necessarily a direct cause-and-efl
relationship between changes in onssite erosion and resulting downstream
sedimentation following timber harvesting activities. Moreover, a ariety
of crosion processes may be acting at various locations in a basin, In addi-
tion to being dependent on the nature and severity of evosion, stream sedi-
ment is related divectly 1o rainfall and basin reliel and inversely to water-
shed area. However, there are several good studies that have shown
increased sediment yield due to logging, and some give information about
the relative effects of different kinds of logging. Most of these again are
from temperate watersheds, but the processes should not differ greatly in
tropical watersheds.

Logging of a tropical catchment in North Qucenshnd, Australia, pro-
duced a two- to threefold increase in suspended sediment load at high
flows. Sediment load increased from abour 180 ppm before logging o
about 320 ppm during the first year after logging and 1o about 520 ppm
during the second year after logging (Gilmour 1977h). The differences
between the two vears were attributed 1o ditfering rainfall characteristics.
Atanother North Queensland site involving heavy logging of virgin tropi-
cal vamforest, during high intensity rains peak concentrations at sampling
stations below the logging area increased six- 1o twelvetold (Gilmour
1971). The sediment derived from streams flowing through undisturbed
forest was largely organic, in contrast with the dominantly mineral sedi-
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ment in streams coming from the logged area. Gilmour reported that the
principal sources of sediment were from poorly located, undrained roads
and skid trails, from log landings, and from carth- and log-tilled stream
crossings. Sediment associated with alog landing in this study is shown in
Table 9. It was evident that sediment cleared rapidly once the rain ceased,
but Gilmour pointed out that these results were from a tight shower and
that the situation would be considerably aggravated under monsoonal con-

Takte 9, Stream Sediment associated with a Log Landing Adjacent to a Stream
after 8 mm of Rain between 1320 and 1340 Hours

Sediment
Time Coneentration
Location (hr) (ppm)
Upstream of Linding 13.45 48
Immediately downstream of linding 13.45 2,602
50 m downstream 13.50 203
400 m downstream 1-1.00 186
400 m downstream 15,45 21

Souree: Adapted from Gilmour (1971).



43

ditions. He also indicated that as a result of this study, conditions were
added to the timber sale agreements to minimize the effects of these sedi-
ment-producing arcas, and that they were effective in reducing sediment
levels. These conditions were enunciated as guidelines in the FAO “Guide-
Imes for Watershed Management” (Gilmour 1977a).

Subsequent work in Queensland in the humid tropics, especially where
substantial overland flow occurs due to low permeability of soils, has em-
phasized the potential for serious erosion and conscquent sediment in-
creases during and {ollowing logging (Gilinour et al. 1989), They particu-
larly pointed out the importance of undisturbed streamside bufler strips
to minimize sedimentincreases —both by apping upslope erosion and by
protecting the streambanks.

For Indonesia, Kuswata (1981) reported that no convincing studies have
been carried out to show the efiects of logging on stream sediment loads,
but he stated that sediment loads of rivers within deforested areas were
extremely large and a cause of national concern. Hamzah (1978) has made
some observationson the effects of mechanical logging in East Kalimantan
and reported increasing silt conient in the viver the closer the measure-
ments were made to the logging arca.

s QAK.: 3":" 3
SRR

D

LA . 0 [ P

Figuie 8. Experimental catchments of the New Zealand Forest Service showing
cleartelling treatments and maintained riparian buffer strips. (Courtesy
N.7. Forest Rescearch Institute)



In New Zealand, near Nelson, Graynoth (1979) reported a mean sus-
pended vearly sediment concentration of 213 mg/lin a catchment that was
clearfelled to the stream edge and roaded, as compared with a mean of 8
mg/1 for an adjacent undisturbed control catchment (see Figure 8). 'The
influence of the way in which the felled tree products are removed is also
shown in another New Zealand study. O'Loughlin et al. (1980) reported
sediment vields from three catchments: one control, one cleartelled and
logged with a down hill cable system (no roading), and one clearfelled and
logged using a skidder and roads. The annual sediment vield rvates were,
respectively, 33,47, and 2648 m'Zkm?/vie A subsequent and as vet unpub-
lished study of the effects of (l(-‘nhllmg and skidder logging in beech-
podocar p hardwood forest showed an inerease from approximately 5 m*/
km*/ve o 16 m*/km*/vr over the Tivst vear alter logging (O'Loughlin
1081, l’crs. Comm.).

Fhere ave several examples of good rescarch on this topic in the United
Suttes that add to evidence that the way wood products are removed from
the forestis the greatest determinant of whether significanthy increased
stream sediment will occar, and, i i+ does. how Large the effeet will be un-
der given conditions of slope, geology, soils, and rainfall pattern. Megahan
(1976} summarized the general results of United States studies upto 1976
i table presented heve as Table 100 In the narrative accompanying this
table, he stated:

No increases in sediment production were recorded in the first
group ol studies in the table Except for one study in Alaska, little or
noaccelerated erosion was noted. Whether low inherent erosion hag-
ards or careful logging methods held down sedimentation cannot be
determined conclusively, but special precautions were taken to mini-
mize accelerated erosion, In Alaska, considerable erosion, especially
mass erosion, occurred. But there, the particuliar geomorphic situa-
tion prevented almost all of the croded material from entering the
drainage svsten,

The second group includes three studies of areas where sediment
production was accelerated, but was not divectly related to increased
surface and mass crosion rates. Inall cases, however, increased ero-
sion was implied in the reports.

Sedimentation increased and erosion was documented in the last
group of seven studies. Erosion from roads was reported more fre-
quently than erosion from cutting and skidding,

Once logging has ceased, unless continuously producing sediment arcas
have been created such as from Eindslips or stream banks, sediment rates
soon return to preharvesting levels, In Malaysia, Peh (1978) studied adji-
cent watersheds, one of undisturbed transitional lowland to hill diptero-
carp forestand one of “alteved” newly regenerated forest. He reported
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Table 10. Summary of Studies of the Effect of Logging on Erosion and Sedimentation in the United States

Location and Type Accelerated Erosion

Si,‘;:fi;“ Cut + Skid Roads B
Study Location Production  Surf, Mass Surf. Mass Not
Yes No Eros. Eros. Eros. Eros. Defined Comments
N.C. X X Cutting only; no roads, no skidding
Mich. X X
Colo. X X Slight road erosion, no sediment to streams
Wash. X X Sediment not discernible
Oreg. X X Sediment not discernible
Alaska X X X No significant sediment increase
Oreg. X Regional, statistical study
Calif. X Regional, statistical study
Colo. X
Calif. X Mostly from channel encroachment
«daho X X X Accelerated sed. some drainages, none
in others
N.C. X X
W. Va. X X X Varied with care in logging
Oreg. X X X X Cut + skid erosion due to slash burning
Oreg. X X X X
Idaho X X X

Source: After Megahan (1976).
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that despite the altered nature of the vegetation cover, rates of sediment
transport were not significantly ditferent from those of undisturbed rain-
forest. While these vies were not in streams, but rather in tanks from sur-
face wash, they are indicative of the nature of this tmportant component of
stream sedimentation,

The eflfectiveness of streamside bulter strips has been mentioned previ-
ously for Queensland conditions in the logging elfect studies by Gilimour
71D and Gilmour eval. (19823, This also as heen well illusorated inwork
by Gravnoth (197%9) in New Zealand, who reperted mean suspended sedi-
ment concentrations in me /1 of 8, 203, 188 and 27 for (our respective
forest watersheds i had received the lollowing treatments: control,
logged with no protection, logged with no protection, and logged with
riparian protection. Observitions of serious strean sediment problems in
South Africa following logging led Bosch and Hewlen (1980 1o develop
strong recommendations and planning design aids for vwhig they termed
“streamside management zones.”

NUTRIENT OUTFLOW

Harvesting of commercial wood aflects chemical nutrient cveling by
changing the amount in storage and modifving the biological arrange-
mentsand functions ol the soils and Torest streams. Also, changes in micro-
climate due o forest catting will aftect biologicalactivity, rates of oxidition
and rates of leaching. Aoy detachment of soil particles and trimsport 1o
streams carrtes attached nutrients into streams, 1 there is burning ol the
slashy therve is increased volatilization and mincralization of clements
bound in organic material. Burning also affects biological activity and mi-
crochnnte,

Perbaps the most widely known vesearchyon the effects of forest harvest-
ing on nutrient eveling, and in particular on nutrient owtflow from a moni-
tored cacchment, is that conducted ar Hubbard Brook Experimental For-
estinthe northeastern United Staes (Likens et al, 1970). Alltrees, saplings,
and slirubs on 156 ha warershed were cut and limbed hut not removed.
Noroads were installed. While this was in no sense an example of commer-
ciabwood Tunvesting, it did serve 1o determine the effect of forest cutting
on nutrient outflow. Vegeration regrowth was inhibited for two vears by
periodicapplication of herbicides, but allowances were matde tor the chem-
ical nput ol these materials, Large increases in streamwatter concentration
forallimajor tonsexcept NH 4,50 - and H( )y = were observed (Likens
etal 1970). Fhe nitrate concentration in the stream exceeded the health
levels recommended tor drinking water, Streanm acidity changed from pH
S bto-L3 a fivelold inerease, Bormann and Likens (1981 )in summarizing
results from this and other Hubbard Brook work, pomted out that loss of
dissolved substiances not only represents i loss of nutrients from the eco-
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Table 11. Nutrient OQutputs (kg/ha) in Maimai Watersheds M6 (Undisturbed
Control), M7, and M9 During First Two Years After Logging
and Burning

Watershed Year PO4-P NOj3--N Na K Mg Ca
MO 1978 0.11 0.51 2R.25 319 3.33 6.29
M7 1977 0.57 2.25 067.37 7536 21.78  59.18
M7 1978 0.35 1041 H8.72 35.42 21.97 44,81
MY 1977 0.1 1.26 50.13 14.01 9.97 17.12
MO 1978 0.38 5.97 56.93  23.84 11.95 24,62

Sowree: O'Loughlin et al, (1980).

system, but italso has an envivonmental impact on aquatic systems drain-
ing the catover forest. They went onto suggest that as long as clearcuts are
limited to small areas (several hectares) and the cut area forms a small part
obalirger forested watershed, biotic activities in streamwater, plus dilution
by water from uncut forests will tend to minimize environmental impacts.
Clearcutting on steep slopes or thin soils can lead to long-term changes
i structure. metabolism, and biogeochemistry of the forest ecosystem,

Elsewhere in the temperate zone, in actual logging of forested catch-
ments, additional evidence of increased nutrient outflow has been ob-
tained. In New Zealand, O'Loughlin et al. (1980) studied a control, unais-
turbed forest catchment and iwo adjacent clearfelled, logged-and-burned
catchments, with the results shown in Table 11, In another logged catch-
ment where skyline logging and a protective streamside buffer Strip were
retained, the inereases in nutrient outflow were much less than in the con-
ventionally log ged catchments (O Loughlin 1981, Pers. Connn.,),

At Coweeta (UWS), Swank and Douglass (1977) reported that export of
NO3~N increased for periods up to 20 years followiag cutting of forest,
both with or without removing the products. In Taiwan, the average con-
centrations of dissolved Ca, Mg, Na, and NOy—-N were higher following
clearcutting than from an undisturbed watershed, and since the water
vield increased by 50 percent over the control, the total loss of nutrients
was substantial (Lin 1981, Pees. Comm.).

No studies were found from monitored catchments in the tropics on the
cliects of commercial wood harvesting on the nutrient input into discharg-
ing streams. [tis thought that in the tropical rainforest the disruptions in
the tight nutrient eyeling pattern and the change in the microclimate and
in the biological activity would be even imore dramatic than in the temper-
ate zone."Fhis would probably resultin greater nutrient outflow following
cutting of the forest. Certainly the removal of woody biomass in logging
substantially depletes the nutrient budget, for large amounts of nutrients
are contained in the boles of the trees. A process like logging removes
much of both the nutrient stores and the main nutrient pathways (Golley
ctal. 1978).
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SUMMARY AND IMPLICATIONS

Generalizations about the effects ol harvesting commercial wood prod-
uctsare indeed difficult to make because of the many variables listed carly
in this chapter. Nevertheless, an attempt is made in this section 1o iake
some summary statements and to suggest some cause-and-cffect relation-
ships so that some policy guidelines may be set forth. Those planning for-
est development or protection cannot wait until the myriad combinations
ol natural conditions, timing, harvesting intensity, and logging methods
have beenresearched for tropical forest watersheds.

With the exception of cloud or fog forest situations, forest harvesting
seems to result inan increase in height of water table until the regrowing
forest has resumed precutting levels of intereeption and evapotranspira-
tion. Poorly located and dense road and trail networks could result in de-
creased and more prolonged cffects on groundwater levels, and hence on
springs and wells,

Streamtlow quantity increases throughout the vear i response to lorest
harvesting, with the increase generallyin proportion to the amount of can-
opy removed. The exception 1o this has occurred following cutting of
cloud forests, The effect diminishes rapidly as lovest regeneration oceurs,
The greatestincreased percentages in vield oceur during the low flow pe-
riods. This result has important fores management inplications if low
Hlowsare a major water resouree problem. Stormflow volumes, peak flows
and stormflow durations are also wsnally (hut not alwavs) increased by har-
vesting, and these eftects man produce upstveam flash flooding in, and
somewhat downstream of, the logged area. Logging roads, skid trails, and
log Tandings can increase these stormtlow parameters further if they are
notwell planned, well construeted, ind well maintained.

These stormflow citeets must not he extrapolated o support statements
that appearin the press (and the misconception commonly held) tha log-
ging in upper watersheds is the principal caise of serious and widespread
flooding in the lower reaches ol major river basins, 1f the whole basin were
to be logged at once, this situation could be true on occasion, but such a
situation is wnrealistic, Hewlett (1982) has reviewed the relationship be-
tween "Forests and Floods in the Light of Recemt Investigation.” He con-
cludes that forest operations in upstream catchments have not been shown
to increase flood flows seriously in major streams, He also suggests that
this conclusion is applicable to the tropies as well as the temperate zone,
from wiich has come most ol the experimental evidence, Hewlettindicates
that the cumulative downstream effects of Fairly widespread forest har-
vesting in a basin can be caleulated by streamflow routing techniques, and
that thev will prove to be minor in comparison with the influences of rain-
fall amd basin storage.
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What is referved to previously is the downstream flood peak discharges
in the lower basin with respect 1o forest operations. Mass soil movement
and other serious erosional consequences of poor logging may indeed lead
to stream sediment problems that can aggravate flooding cffects down-
strean. Iemust also be remembered that this chapter deals with commer-
cial Togging, not with conversion of large arcas of upland watershed to
overgrazed, compacted, and degraded Lind; nor 1o compacted, eroding,
and degrading cropland: nor 1o urbanizing areas with a large percentage
of nonabsorbing surface. Under these land uses, there may well be sub-
stantially increased Mood flow volumes in the lower reaches of rivers,

The mereased erosion vates caused by commercial forest harvesting are
mainly attributable to the disturbance of the soil by wood extraction tech-
niques, mainly from log landings, skid trails, and roads. On steep slopes
and with high intensity rain patterns, the erosion can be quite serious and
persist for many vears, Logging methods, such as by high-line or helicop-
ter that veduce the amount of soil disturbance, reduce the erosion impact,
Minimizing road density and properly locating, constructing, and main-
taining roads are important considerations. There exist a number of excel-
lentlogging guidelines for reducing the erosion consequences of this form
ol forest fand use,

One further erosion effect, which results from simply cutting the trees
and which may occur even with the most careful extraction techniques,
results from the reduction of root shear strength. On certain eritical slope
arcas,any forest cutting may initiate mass soil movements. Advance identi-
fication of these eritical soil areas is possible, and commercial forest har-
vesting should be excluded from them.

While icis virtually impossible to prevent some increase in erosion from
forest harvesting (except on level Land), increased stream sediment is not
necessarvihvaconsequence of logging. As currently carried out in the trop-
ies. however (and usually in the temperate zone also), logging is usually
tollowed by increased sediment in streams, with its potentially deleterious
impacts on aquatic life, reservoir siltation rvates, altered streamn channels
that may increase flooding and reduce navigability, and reduced water
quality for domestic and industrial use. Sediment problems can be re.
duced and even eliminated in some instances, as far as logging impacts are
concerned, by anumber of sediment control practices. Logging techniques
that minimize on-site crosion are important, as mentioned previously,
Keeping roiels cod skid trails out of watercourses, orat least crossing them
atright angles using bridges or culverts, are important sediment-reducing
actions. The establishment of undisturbed streamside (riparian) buffer
zones is ol major importance, since suclt zones not only niinimize acceler-
ated streambiank crosion, but they also trap much erosion material moving
downslope from the logged area above,



Increased nutrientoutflow from the logged portion of the watershed is
an inevitable consequence of logging, no mauer how ¢ carefully the extrac-
tion is done. Poor h(nwslnl;, |)1.ulu( s can increase the discharge. Mini-
mizing soil movement will minimize nutrient outflow in streams from the
disturbed area. In addition to the water export of nutrients from the site,
the harvested biomass itsell removes a substantial part of the ccosystem
budget in the humid vopies. Additional rescarch on this combined loss is
needed to properly assess |mp.uls of the trend toward shorter-rotation,
total-tree harvesting on the nurriem l)ll(l;,clsnl tropical forest ecosystems,

Prompt and .ululu te forest regeneration is the best assirance that any
mcreased erosion rate, sediment effect, and nutrient outtlow will return
speedily to preharvesting levels. This will be casier to achieve in the moist
tropical forest thanin the drv forest.

Technical harvesting guidelines have been developed to minimize ad-
verse hvdrologic/soil/nutrient effects of logging. A brief sumniny of
such guidelines is presented in Appendix .,
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5
Grazing on Forestland

Much of the grazing on tropical and subtropical forestlands is really a
conversion of the forest to grazing land. It often involves annual or peri-
odic burning and gradual removal of the trees through nonsustainable
luclwood (or charcoal) cutting or nonsustainable fodder topping. This pat-
tern of conversion is common in the open woodlands. Another pattern of
conversion has been reported by Hamilton (1876). It involves what has
been called “shifting (or slash-and-burn) grazing,” and may be carried out
m closed tropical forests, including moist forests that are not casily
burned. This is not a “traditional.” stable pattern of land use correspond-
ing to stable shifting agriculture (see Chapter 2), but is a migratory, pro-
ductivity-degrading land use in which the forest is cleared, burned, grazed
for some vears and then abandoned, leaving behind a degraded
grassland or savanna, The impacts of these conversion practices on the hy-
drologic and soil variables under consideration are treated in the chapter
on "Conversion to Grassland” (Chapter 8).

What is considered herein is the practice of grazing in forested arcas
over a long time, on a more or less sustainable basis. Such a forest grazing
system can be (and has been) established in open forest, especially wood-
tand. A critical time in this system comes when: the trees begin to deterio-
rate or require harvesting because of maturity. At such a point, the grazing
animals need to be confined (or new seedlings fenced), and fire must be
controlled until the forestcomponent of this forest/grass system is reestab-
lished. Such a system represents a true joint-production or multiple-use
system in which the net benefit from the two products is greater than the
benefit from cither single output system. This type of system is often sub-
sumed under many definitions of agroforestry, which have a forestry and a
grazing combination,

Usually the forest grazing practice involves domestic animals (cattle,
horses, sheen, goats, carabaos, ete.), but in some places substantial herds of
native or introduced wildlife herbivores (deer, feral goats, mouflon, etc.)
may also be involved. The impact of grazing will depend to a very large
extent on the stocking intensity in relation to the carrying capacity of tl.e
arca and whether the animals use only grass or mainly browse woody ma-
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terial. In this section, we will assume sustainable stocking levels, and con-
sider domesticated grazing animals,

GROUNDWATER, SPRINGS, AND WELLS

There appears 1o be no quantitative evidence of any cffects of forest
grazing on groundwater, springs, or wells, 1t is known that compaction of
the soil surface by hooved animals does reduce infiltration rates and thus
could alfect groundwater accessions negatively (see “Table 19). Mott et al.
(1979) found that heavy grazing and drought caused soil “scals™ in open
cucalypt woodlands in northern Australia. About 90 pereentof the intense
carly scason rainfall entered soil under grassed aveas, but only 25 10 30
percent entered the soil under “seals” leading to locally increased runoft,
Eftects of grazing on groundwater should be added to witershed grazang
research in order to provide answers to this question,

Tqb!q 12. Surfgqc [-

ston and Infiltration Rates under Pine Forest

Infiltration Rates

Grazing Three-Year Before After

Treatinent Erosion Grazing Grazing

Sl(zpc*w __(C,,‘""_,/df’,xs) - lr)cplhw(n]m) (mm/hr) (mm/hr)
- 100 31—t dighn 15.7 205.1 489
H53-70 (heavy) ) 200.6 B )
20040 3110 (hghn - 20,1 285.3 137.0
35 =70 (theavy) 40.5 3574 158.0
Rolling Notgrised 1-1.9 365.1 353.9

Sowree: Adapted from Muarai (1973),

STREAMFLOW QUANTITY

Compaction of soil surface results in reduced infiltration, leading to in-
creased runoff, which in turn may lead 1o mereased streamflow, In the
study by Mott et al. (1979), the terrain was flat to gently sloping, and the
locally increased runoff could have been internally redistributed rather
than appearing as increased stream{low (no stream{low measurements
were made). In the humid southeastern United States, one 49-ha forest
watershed at Coweetawas grazed by six cattle for four months peryear for
I years with no water yield changes noted (Douglass 1981),

TIMING AND DISTRIBUTION OF STREAMFLOW

Uncontrolled forest grazing is thought 10 cause irregular stream flow
(usually reduced low flows) in the northern part of the Philippines (Sa-


http:groiidwvi.ei

placo 1981, Pers. Comm.). No experimental evidence of the effects of forest
grazing on the timing of streamflow resulted from the Coweeta study
(Douglass 1981).

ON-SITE EROSION

Where a good grass cover is maintained between the trees, no serious
crosion should occur. In the Coweeta grazing experiment, if sheet erosion
occurred, it did not show up asincreased turbidity in the streary during the
livst cight years of the study (Douglass 1981). This was the case in spite of
the tendeney for the animals to congregate near the stream, where ostensi-
bly their trampling might have led to stream-bank erosion, However, after
cight vears, higher turbidities occurred during storm peric ds, probably
due to the comulative soil compaction, reduced infiltration, and greater
exposure of soil.

Erosion occurs when stocking is too great to maintain the forage cover.
This is confirmed by the da presented by Murai (1973) (see Table 12).
These datag which also show the effect of increasing slope, were compiled
alterthree vearsof grazing treatment. Studies by Masrurand Hanif (1972)
in Pakistan illustrace the gradient from forest to overgrazing, with reports
of relative soil loss onsteep slopes of 1:20:80 for chit pine forest, protected
grasscover,and depleted grass cover, respectively.

SEDIMENT IN STREAMS

Aside from the Coweeta study, there is little evidence available to show
any merceased sediment yields in streams from sustainable grazing in
forestfands. Towever, if oversiocking ocetrs and bare ground is exposed,
the Tack of vegetative cover plus the increased runoft resulting from com-
paction will produce this effect without question. The empirical, if not ex-
perimental, evidenee is present in overgrazed, deteriorated forests in up-
per watersheds throughout the tropics. For instance, itis reported that the
overgrazed mountainous watershed of the Bermejo River, a tributary of
the Paraguay Riverin Argentina, contributes 80 percent of the 100 million
tons of sediment a vear deposited near Buenos Aires, though it constitutes
only - percent of the Pavana watershed (Pereira 1972).* Similar situations
have been observed but not researched in the Himatayan are for the major
rivers of the Indian subcontinent. These arc hardly forestlands any more;
they are now converted lands. Douglas (1967) in tropical Australia com-
pared steep forested headwater streams with less steep, lower rainfall,

*One mightalso look for differences in parent material and soils to explain this phenome-
non, But na information was presented other than that reported.
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lower reaches of the same stream that were mainly in grazing land use and
found inwreased sediment loads in the lower reaches.

NUTRIENT OUTFLOW

There is noavailable information on changes in nutrient outflow due o
grazing in forests. The likely effect would be an increase, since the ten-
deney s for livestock to harvest nutrients and move them downhill as they
defecate and urinate on their way 1o water. ‘The tendencey for animals to
congregate at water supply arcas would heighten this effect.

SUMMARY AND IMPLICATIONS

I the stocking level is limited 1o the carrying capacity of the forest so
that the forage cover is maintained, there seems 1o be little effeet on any of
the variables considered, with the possible exception of nutrient outflow.
Thatisavery big it Such control is difficult to achiceve cither on privite
Land or on public ind being grazed under permit. Morceover, for the area
to be maintained as forest grazing land, there is a need for extraordinary
measures to secure adequate replacement of the tree component when the
mature trees are harvested, duough nataral regeneration or artificial
planting. ‘Trees must be protected by lencing during the carly establish-
ment period. Without control, overgrazing will produce increased run-
ofl. mereased erosion and sediment vield, and probably increases in
stormilows,

Forestareas that provide municipal witer supplies should not he grazed,
orifthisis not feasible due o lack of jurisdiction, at least a riparian buffer
strip with no grazing should be established. In addition, the water must he
given special treatment w render it safe.

Wildanimals at certain densities will vesemble livestock in their impacts,
and their numbers mayv have o be controlled by hunting 1o keep them
within the carrving capacity.

With respect to the use of periodic controlled burning as a tool 1o main-
tn forage/ forest balance, € HJapter 6 indicates some of the impacts of fire
on the variables considered in this report.

In certain circumstances, where open woodland is the natural vegela-
tion type, forest grazing may be a sustainable use of land and have no seri-
ous adverse consequences on watershed characteristics—if the stocking
and distribution of animals is controlled.,
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Burning Forestland

Fire can be an important forest management tool or a destructive agent
of change. Preseribed burning by skilled land managers can change vege-
tative cover to adesived state rapidly and cheaply, without detrimental on-
site or off=site cffects. Wildfires, however, can severely damage the forest
resource and significantly impair the products and services that forest
ceosystems provide. This chapter will not deal with burning of slash fol-
lowing harvest cutting of forests as part of a regenceration or site prepara-
tion for planting procedure.

In the Jimid tropics, the natural cevergreen hardwood forests do not
normally burn, though the edges may be “nibbled” from adjacent altered
land where fire is used. However, inan unusually dry season the liver may
support fire. Following logging, when the slash has dried somewhat, fire
may be started in the slash. Young hardwood plantations that have not
closed and still have grass cover e also susceptible to burning. Other for-
ests in the tropics will burn during the dry scason.

GROUNDWATER, SPRINGS, AND WELLS

‘There have been few studies divectly measuring the effect of fires in the
forest on the water table. A preseribed burn that is restricted to the forest
floor, perhaps killing scedlings but leaving the main tree canopy intact, is
not thought to have any eftect on the water table. Uncomrolled wildfire
may have an effect; however, two conntervailing influences appear to be
important with fives thatare hot or prolonged and that kill irees. By killing
trees, the canopy is reduced, permitting greater throughfall and reducing
evapotranspiration losses, which could account for increased accessions to
groundwater. Megahan (1981, Pers. Comm.) reports an increase in the
base flow component of the hydrograph following fire ina Pinus ponderosa
stand in the western United States. Shinilar results have apparently
been obtained in some Austrilian studies (Boughton 1981, Pers. Cormnim.).

On the other hand, surface sealing of the soil has occurred after fire in
the Philippines, the extent of sealing depending on soil type and fire tem-
perature. This reduced infiliration and percolation into groundwater
aquifers (Costales 1979). Fire has made some soils nonwettable (hydropho-
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bic), thus leading to increased runoft and reduced infiltration (Dyrness
1967). Further researchvis needed on the effects of fire on groundwater.

STREAMFLOW QUANTITY

The impactof burning on annual water vield appears to vary depending
on such site factors as soil type, slope, amount of liner consumed, whether
or not trees were killed, and how great a percentage of the cover canopy
wasaftected.

Where only the forest floor is affected, as in preseribed burning or a
lightwildfive ina deciduous forest, plot studies often show inereased run-
off but watershed experiments measuring streamtlow have in at least one
instance shown no elfect on water vield (Dougla.s 1981). This result
Coweeta(United States) was from asingle burn in a mountain watershed.,

Wildfires are o different matter, I Australia, they bave been shown to
ncrease streamtlow vield by 43 10 235 percent (MeArthur 19614; M Ar-
thur and Cheney 19653 Following an accidental burn in Japan, Nakano
(1O7H found an annual water vield increase of around 23 10 26 pereent.
lochesind Golr (1975) in Malavsiaoreported a HO-percent increasce inaver-
age annual runoft alter forest burning. However, in Australia foHowing
one of Victorias most serious wildfires, Langlord (1971 reported no sig-
nilicant difference in streaamtlow for 5 vears atter the five, and then re-
portedidecrease —over the following 21 vears, streamlow wis 21 pereent
below the average belore the five, He atribued the ditference in water
vield o an increase in evapotranspiration of the voung Eucalyptus vegnany
regrowth. Fhis study stands in contrast to all of the others.

TIMING AND DISTRIBUTION OF STREAMFLOW

There is litde experimental evidence of changes in the timing of [low
from light fives, as ina controlled burn. Where there is severe wildfire with
reduced infiltration, increased surface flow would seem to cause higher
Hood peaks and reduced time o peaking, Pereira, in a working group re-
port, has documented major increases in flood peaks —approximately
five times the expected flow —following uncontrolled five in two catch-
mentsin Australio’s Snowy Mountains region (UNESCO 1969), Numerous
studies in the western United States, particularly California, reported
large increases in stormflows following wildfire on forestlands (Megahan
OS2, Pers. Comm.).

ON-SITE EROSION

Moderate and light fives have very little effect on soil properties, includ-
ing crodibility, according to Dyrness (1967), who examined the existing
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evidence of the effects of burning on erosion in the western United States.
On the other hand, he cited studies showing significant increases in ero-
switivilow ing severe burning. Douglass (1981) confirmed the former situ-
ation from work at Coweeta and suggested that rapid recovery of vegeta-
tion after a light fire is & most important factor. lollowing a fire in a
Hawaiian watershed, Wood et al. (1969) found no evidence of widespread
crosion, and reported that six months afterward, 94 percent of the survey
transea length hadd o vegetation density of greater than 50 percent. Fire-
weed (Erechtites hievacifolia) was the dominant rec OVeTY SPecies,

Repeated annual burning and witdfive cach has different effects. Rowe
(1911 stadied rthe unpacts of burning in the woodland-chapparal-grass
type forest ol the United States over a nine-year period. He found that the
unburned plots had no erosion, that plots burned over twice in nine years
lostan average of 10 1/ha, and that plots burned anoually averaged a loss
ol 279 /ha. In Pakistan, frequently burned stands of chir pine (Pinuy rox-
hurghi) ave veported 1o exhibit as much erosion as unterraced croplands
(Racder-Roitzseh and Masur 1968),

[ one study in Japan, a wildfire burned one slope that had just been
logged and another that had been logged four years previously. Six
months after burning, a heavy storm caused extensive crosion on the re-
cently logged slope, but not on the partially revegetated one (sukamoto
and Kimura 1976). The reason suggested was that root networks held the
soil together,

Drimatic increases in the amount and concentration of stream sediment
were reported for catchments in the Snowy Mountains of Australia (UN-
ESCO 1969) following wildfire. These increases must be attributed at least
partly toan increase inon-site erosion as well as stream erosion (see follow-
ing section on sediment in streams).

Ieappears that the most important fire-caused changes in the soil ero-
sion rate are not in the mineral soil itself, but in the removal of the vegeta-
tion and litter that protects the surface. This is a function of fire intensity,
speed ol fire movement over anarea, and the periodicity of burning.

SEDIMENT IN STREAMS

In Malaysian land development projects, large-scale forest cutting ac-
companied by burnings has led to so much sediment production that small
stream chanriels have been obliterated and large stream channels modi-
fied (Low and Leigh 1972). Such large-scale changes in areas of low gradi-
ent raise the river beds and may seriously aggravate flooding. Brown
(1972), inastudy of a bushfive in a forested catchne nt in New South Wales,
Australtia, reports that for four to five years after the fire, the streams car-
ried greatly increased sediment loads, but that after that time the hydro-
logic characteristics returned to a preburn status. One of the best docu-
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mented and most dramatic reports of the eftect of fire has been presented
in a UNESCO report by the Working Group on the Influence of Man on
the Hydvrologic Cyele (1972):

Aninstructive example of the effects of fires on water supply is pro-
vided by the experience of the Snowy Mountains Tydro-Electric Au-
thority in the Australian Alps. Here a major uncontrollable forest five
ininaceessible ragged country burned out the catchment areas of Wal-
Lice’s Creck and the Yarrangobilly River, of 41 and 224 ki, respee-
tively, Fhese catchments had been gauged for some cight years previ-
ously, with detailed sampling of suspended soil load. After the fire the
Hlow pattern changed abruptly, with sharp flow peaks from the
burned-out arcas. Rainstorms, which from previous records would
have been expected to give rise 1o flows of 60 =80 m*/sec (cumecs),
produced i peak ol 370 cumeces, The suspended sediment content at a
Flow o 60 =80 camnees has beenincreased by 100 times in comparison
with the soil content bhefore the Tire. A stornn occurring some seven
months after the Tre gave the highest sediment concentration re-
corded ar Walliee's Creck. At a flow of 95 cimees the concentration
was Bt percent by weight, equivident to 115,000 tons per day. This
concentration is high by world standinds. On the siome dav the River
Yarrangobilly, with i flow ol 17 cumees, vielded an equivalent sedi-
ment load of 45,000 tons per dav. The Snowy Mountains Hydro-EFlee-
tric Authority estimates from the increased flow rate and increased
sediment concentration thae the total sediment load in Wallace's Creek
1s probablv FO00 rimes greater than it was belore the five.

By contrast, Boughton (1970) reports that following the severe fire in
November TH6R, no crosion or increase in turbidity was experienced in the
Chichester (Australio catchiment providing Newcastle's water supply, The
fire burned about 20 percent of the catchiment in the region, especiaily in
the arcaimmediately avound the dam. There were no heavy rains for more
than six months following the five, giving ground vegetation an opportu-
nity 1o become reestablished without the occurrence of erosion or severe
Hoods. This ilustrates the importance ol weather pattern in the period
immediatel attera five, [eis another Fetor to consider in estimating the

cliccts ol i severe bun.

NUTRIENT OUTFLOW

One might expect that burning would mineralize at least some of the
organic fraction of the surface soils, and that runoft containing ash and
leachate would increase the nutrient loads of the streams. Particularly in a
severe burn, which Kills trees, it is to be expected that the kind of nutrient
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outtlow obtained ar Hubbard Brook (U.S.) following cutting (Likens et al.
1970) would occur. However, at Coweeta, Douglass (1981, Pers. Comm.)
found no significant changes in nuwrient cutflow from single intense
burns in deciduous forests. In a replicated prescribed burning test in the
Piedmont (castern U.S), four pine-covered watersheds were burned twice
without changing the export of NOs—N,PO— P, NIH,- N, Ca, Mg, Na, and
K (Douglass and Van Lear, in press).

SUMMARY AND IMPLICATIONS

‘The impact of burning rorvested lands on the water-soil nutrient factors
considered in this report is not well research. Unquestionably, much de-
pends on fire intensity, length of time, and the frequency of occurrence in
agiven watershed arei, The speed of revegetation has much to do with any
increase in crosion, sedimentation, nutrient outflow, water yield, and any
clleet on streamflow timing. Thus in humid areas where revegetation oc-
curs promptly, the effects of five, even of wildfire, are minimized. In drier
areas, where vegetation regrowth may he slower, the effects could be more
prolonged and serious. Littde is known about the effects on groundwater,
springs, and wells. Significant increases in water yield can occur where
trees ave killed; they will persist until the evapotranspiration rate has re-
turned to normal. Replacemeny of a mature or overmature {orest by a vig-
orous postfire regrowth could reduee water yields,

There seems to be no compelling hiydrologic reason for prohibiting the
use of preseribed burning in watersheds if it is carefully executed.
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Conversion to Forest Tree Plantations

Following the harvesting of original natural forest in tropical develop-
ing countries, one option for subsequent use of the fand is to reforest the
cutover area artificially. This often leads 1o more rapid tree regeneration,
Also, the new tree crop species can be one or more that have high commenr-
ctal value and grow rapidly, thus making the forest more useful to society.
Phere is much contreversy over this practice, especially when the conver-
sioninvolves the extreme case of replacing complex, primary lowland rain-
forest with i monoculture of an exotic tree species on relatively large areas
of land. When considering the benefits (increased value, shorter rotation,
casier management, ete.) and the costs (higher pestand disease risk, loss of
species locally, major habitat change for wildlife, reduced usefulness to
traditional peoples, ete.), the effects on water, soil, and nutrient loss also
should be considered.

This chapter will consider the hydrologic/soil effects of converting trop-
ical forested watershed 1o forest tree plantations, The effects of establish-
mg forest tree plantations on land already deforested for some time are
discussed in Chapter 12, Reforestation or Afforestation.” Most of the forest-
land currently being planted cach year is of the latter type (reforestation or
alforestation of open land), but there are also substantial areas of conversion
taking place, including well-known examples in Brazil (Jari), Indonesia (East
Kalintantan), and Papua New Guinea (Gogol). Morcover, as Whitmore
(1981) points out, the potential of intensive plantation silviculture to reduce
the wood deficits in many Latin American nations augurs for more of this
type of conversion rather than less, in spite of the recognized drawbacks.
This may well be true for Africa and the Asian-Pacific regions as well. How-
ever, as the amount of natural forest in a ne“on dwindles, at some point the
recognition of the loss of cultural heritage and values associated with native
forest becomes overwhehning, and conversion, especially using exotics, be-
comes rare. This practice is currently being heatedly debated in Australia,
and, following mnch controversy and study, New Zealand has formulated a
conservative policy vitk respect to conversion of its remaining indigenous
forests (New Zealand Forest Service 1977).



The hydrologic/soil eflects of converting natural forests 1o plantations
depend on how different they are from cach other in such characteristics as
scasoral foliage response (whether deciduous or evergreen during the dry
or cool scason) and crown density and shape. They will ulso depend on
whether ornotany disturbance, such as site preparation, is associated with
the plianting activity. One reason for converting to forest plantations is to
pernit more intensive management and more frequent harvests. These
practices require more (requent installation and maintenance of road and
skidding networks, which affect the hvdrologic and soil processes in the
watershed. Many ol the effects on soil and water, therefore, are not simply
because the Kind of forvestis different, but because of the disturbance that
accompanics the conversion process, s ditlicalt o handle these compli-
catig Lictors inun orderly Lashion,

Conversion to tree plantations is usually preceded by clearcutting, The
cllectsolclearcutting are dealt with in Chapter -4, " Harvesting Gommercial
Wood." and these temporary effects would have to be factored into any
assessment ol total effects. Inva few cases, burning may be used o remove
debris that would interfere with the planting operation, What is known
ov surmised about the effects of such burning have been dealt with in
Chapter 6.

GROUNDWATER, SPRINGS AND WELLS

The effects on the water table in the tropies, or indeed in the temperate
sone ol replacing natural fovest with forest plantations have not heen suf-
ficiently studied 1o permit conelusive statements 1o be made, Most obsery-
ersare inclined wo support Wicht (19-49), who has sted tha plantations of’
exotics require the sime mnonnt of water as indigenous forest under South
Afvican conditions. One would therefore expect the changes in springs
and wells to be minimal. However, from the mountainous arcas ol Java,
Indonesia, came qualitative information that water levels in wells under
developing plantations of Pivus mievkusii ave lower than those under nitive
forest (Manan TOST, Pers. Comm.). Rouvsungnern (1981, Pers. Comm.) has
suggested thatin northern Thailand, groundwater recharge under native
forestis less than vecharge under pine plantations, which generally have
shown smallerintereeption losses, In central North Island, New Zealand, in
porous pumice soils, Knight and Will (1977) have shown in lysimeter
studies than alter 12 vears of growth, a voung Pinus radiata stand reduced
the quimtity of deep seepage bevond the rooting zone by 163 mm per year,
These results do not support WichtUsstatement, b Pereira’s work compir-
my Monterey evpress ind radiata pine with native hiamboo forest in Fast
Africa generally does support Wicht (Pereira and Hosegood 1962). Edl-
wards and Blackice (1981) have reported that converting native bamboo
forest to plantations of 72 patula initially deercased water use, but that once
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the pine canopy had closed, no significant differences in groundwater re-
charge were detectable in the East African catchments.

The picture is far from clear because of the variables involved and be-
cause good studies directly measuring changes in water table levels or ef-
fects on wells and springs are lacking,

STREAMFLOW QUANTITY

Fortunately, some good data have been generated on how converting
natural forest to tree plantations affects water yield, though not very many
of the possible combinations have been studied. The immediate effects of
removal of the native forest have already been discussed in Chapter 4;
there has invariably been a marked increase in streamflow quantity. The
duration of the major increase seems to depend on how long it takes before
a closed-canopy forest again occupies the site. Reforestation can hasten
this process when compared with natural regeneration, although in the
more humid tropics, natural regrowth may be about as rapid and dense.

Aside from this removal effect, there are some differences in water yield
that are attributable to the change in the kind of forest. Most experiments
have involved a conversion from broadleaved and usually deciduous natu-
ral forest to coniferous, needle-leaved, evergreen forest, conditions under
which the effects would be most pronounced. As the replacement planta-
tion moves closer 1o the original forest in crown characteristics, the effects
expected would be less. Most studies have shown at least a slight decrease in
streamflow resulting from conversion.

Anstralian experience, however, has indicated little or no change in
vield, mainly from conversion of native cucalypt forest 1o Pinus radiata.
Results from conversion of 11 catcliments ranging in size from 4 1o 300 ha
mdicated no differences between species (Bell and Gatenby 1969).
Boughton (1970), in sunnnarizing the state of knowledge as of 1970 for the
Australian Water Resources Counctl, reported: *All evidence supports the
proposition that there is negligible difference in water yield between spe-
cies of mature forest. When native cucalypt forest is cleared to establish an
exotic pine plantation, there is likely to be an inerease in the amount of
water yield while the pine forest is immatnre and has not established its
full root depth, and this difference should disapoear as the trees mature.”
This agrees with Wicht's statement about South Africa reported earlier
(Wicht 1919).

Only slight differences are reported from New Zealand where indige-
nous evergreen torest has been converted to radiata pine. Pearce and Rowe
(1979) indicated that interception and transpiration losses were compara-
ble under these conditions, that annual streamflow yields would be de-
creased by no more than 200 num, and that under most soil and rainfall
conditions the decrease was unlikely to be more than 100 mm.



Coweeta Watershed 1
May-April 1972-73

[:] Predicted Streamflow (Hardwoods)

6 Actual Streamtlow (Pine)

51 .
4-
n
<]
L
[§]
< 3
2
3
E
g of
&
1—
0

May June July Aug Sept Oct Nov Dec Jan Feb Mar Apr
Figure 9. Decrease in streamflow over avear following conversion of broadleaved
thardwood) forestto pine (Pinus strobus) at Coweeta (ULS). (Courtesy ULS,
Forest Service)

However, such small differences are not manifest where there is a dor-
mant scason characterized by deciduousness in the natural forest, and
whereitis teplaced by an evergreen forest. At Coweeta in the southeastern
United States, replacement of mixed, deciduous, broadleaved forest with
Pinus strobus produced marked differences (see Figure 9). A vapid decline
i vield occurred o about age 13, then a slower decline, 1ill currently at age
25, the streamtlow is 20 1o 25 ¢m (20 percent) less than when the watershed
had its indigenous forest cover (Swank and Miner 1968, Swank and
Douglass 197 1). Largest reductions occurred in the dormant season and
were attributed primarily to greater interception losses by the pine (Hel-
vey 1967). Process modeling studies, however, indicated that the veduetion
may he about equally attributed to an increase in transpivation and inter-
ception (Swilt et al, 1975). Catchment studies done in Australia have also
found that the strcamflow from 13- to 22-year-oki radiata pine plantatior:s
wis only 3.5 pereent of the rainfall, substantially lower than from compa-
rable cucalypt forests (King 1981, Pers. Gomm.), Thinning of the pine,
however, increased streamflow to 12 percent of the rainfall.
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TIMING AND DISTRIBUTION OF STREAMFLOW

‘The only data available on timing of streamflow come from watersheds
at Coweeta in the United States, where deciduous broadleaved forest was
converted to white pine (P strobus). After age 15, flow from the pine forest
was less than that from the original forest during every month of the year,
with the largest reductions in the dormant season and occasionally exceed-
ing 3 cm/month (Swank and Douglass 1974). Flow distribution also
changed, with low flows being reduced 10 1o 20 perecent overall; the
change in low flow is Icast during the dormant season and greatest during
the growing scason (Helvey and Douglass 1971). Douglass (1981, Pers,
Comm.) stated that the last analysis of storm flow volumes was made when
the pines were 1010 13 years of age, and no change in stormflow volumes
was apparent. He expected that further study would show that since total
How has been reduced by 25 to 30 percent, stormflow volumes and peaks
would be significantly reduced compared to the original hardwood cover,

ON-SITE EROSION

Conversion of natural forests o forest plantations appears to result in a
wide range of on-site erosion responses, depending on the nature of the site
preparation, for any given combination of topography, soil, and climate.

In Fiji (Drvsdale 1981, Pers. Comm.) and Puerto Rico (Whitmore 1981,
Pers. Comun), techniques such as partial cutting followed by planting, then
removal of the residual native trees by girdling or poisoning, reduced the
impacts of plantation establishment on erosion rates.

In Indonesia the replacement of native forests with legume plantations
resulted in high initial erosion rates on steep slopes (over 100t/ha/yr), but
after the plantations were well established and a litter layer had formed
crosion rates declined to preconversion levels (Manan 1981, Pers. Coinm.),

The effects of conversion of tropical noist forests to plantations of exotic
pines (Pinus caribaca) have been studied in a series of 22 small catchments
at three locations in Queensland, Australia (Cassells et al. 1982). This well-
designed study considered the effects of clearing, the effects of land treat-
ment for establishment, and the effects as the plantations age on sediment
concentrations following different treatments over time. The three loca-
tons represented coastal lowland rainforest, undulating headwaters, and
clevated platezu country, all in tropical and subtropical climates. In gen-
cral, there was liule increase in erosion where establishment took place
without mechanical cultivation. Where ploughing was used, erosion oc-
curred, in some cases not only sheet erosion but extensive gullying. Con-
tour strip ploughing showerl less erosion than broadecast ploughing. Ero-
sion rates returned to preconversion levels rapidly after the establishment
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phase was over, unless the cultivation disturbance had exposed unstable
stream banks (in which case these arcas continued to erode well into the
plantation rotation), Planting withowt cultivation had litde effect on ero-
sion rates. The study suggests that increases in erosion due to conversion
can be minimized by avoiding cultivation where that is possible, and that
where itis not, contour strip ploughing techniques can be used effectively.

The eflects of Tand-clearving methods for establishing forest plantations
i Nigeria have been sumnuarized by Ball (1981). For maoist lowland forest,
mostconversionsare to Gmelina arborea, Tectona grandis, Tevminalia ivorensis,
Nauclea didervichii and mahoganies. The common method of mechanized
clearing is knockdown by shearing with a tractor cuiting blade, windrow-
ing with rakes or blades into rows 50 m apart, and burning the windrow.
Compared with manual methods using chainsaws and burning (no wind-
rowing), sheet erosion was greatly increased and soil compaction occurred,
Ball feels that mechanical clearing must replace manual clearing to meet
Nigeria's wood needs, but thar methods have (o be developed for minimiz-
ing crosion. On the other hand, Sanchez (1981) has reported that in the
HEASSIVE CONVETSIon (o plintations of Gmelina arborea, Pinus cartheea, and I<u-
calyfus degupto dar occurved e Jari in Brazil's Amavzon, bulldozer elearing
was abandoned in Evor of slash-and-burn clearing because of problems
with soil compaction, topsoil displicement, and possible nutrient losses.

Once the plantations have become established, most evidence s in
agreement with the Australian work of Cassells et al, (1082), namely, that
conversion per se does not significantly affect erosion rates one way or the
other since so much depends on the topography, the soils, and the nature
ol the precipitation (for example, Edwards and Blackic 198]), Saplaco and
Perino (1981, Pers. Comm.) have indicined that in the Philippines, over-
land ow and surfiace crosion are least with plantations ol Abizia falcataria
and merease slightly in the following order: secondary regrowth of dipter-
ocarps, virgin dipterocavp fovests, and A nthoce phelus chineasis plantations.
However there are special cireamstances that prohibit generalization, Bell
(1973) has reported significant erosion problems in pure teak (Tectona
grandis) plantations in“Ivinidad, and similar observations have been made
i El Salvadorand Thailand (Kunkle in press). Michaclson (1975) lias sug-
gested that the erosion problem with reak may be solved by including a
legime tree such as Lencaena lewcoce phala ov Acacio glanca.

SEDIMENT IN STREAMS

What scems the best evidence of the effects of forest conversion to tree
platations comes [rom the Queensland studies (Cassells et al. 1982), The
low sediment yields were from catchments that did not involve cultivation
as partof'site preparation for planting, or that were older, established plan-
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tations. “Establishment without cultivation had no measurable impact on
stream sedimentation in this particular environment [open forest pockets
interspersed with tropical rainforests on elevated hinterland with a
marked summer wet season and an average rainfall of 2,060 mm).” Where
cultivation was used in the catchments, the retention of buffer strips of
undisturbed native vegetation along the watercourses markedly reduced
sedimentation impacts. Where clearing and/or site preparation resulted in
bare, unstable stream banks, these arcas continued to act as sediment
sources well into the life of the established pl.mmu()n Where ploughing
was involved, contour strip ploughing reduced erosion and resulted in less
sediment.

In summarizing the New Zealand experience with conversion to P, ra-
diata and the US. experience at Coweeia in converting to P strobus, both
O'Loughlin (1981, Pers. Comim.) and Douglass (1981, Pers. Comm.), re-
spectively, indicate that sediment yields from mawring plantations are no
ditferemt than yields from indigenous forest. O'Loughlin, for instance,
cites unpublished data from 23-year-old plantations indicating average
vields of around 25 m*/km? in small catchments, which are very similar to
data from two control carchments in native forest. Douglass indicates that
because of road construction in one converted watershed, a mass failure of
about 0.1 ha did contribute sediment to the stream until stabilized. He
intuitively believes that the physical stability of both soil and channel has
somewlat increased under the pine forest due o the reductions in flow
obtained (see “Streamflow Quantity™).

NUTRIENT OUTFLOW

The initial activity in converting native forest to forest tree plantations is
the felling of the forest. As discussed in Chapter 4, most studies have
shown a sharp increase in nutrient outflow (particularly nitrogen) follow-
ing clearfelling, with a return to the previous status as revegetation occurs.
Unfortunately, these results are mainly from temperate zone watershed
studies. There are no good reasons, however, why the same processes
should not occur in the tropics, lcsulung in sharp increases in nutrient
outflow when this nutrient cycling system is broken, especially in the humid
tropics where high-precipitation leaching and increased oxidation are
more intense.

Once the conversion has occurred, however, the nutrient outflow may
not be very different than it was under the natural forest. Conversion of
broadleaved forests to conifers probably represents the extreme case, and
the evidence, at least from temperate zone vesearch, indicates small differ-
ences. The carly results from a number of New Zealand catchment studies
have indicated that concentrations and outputs of dissolved nutrients (N
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Table 13. Comparison of the Concentrations of Total Pkosphorus (TP) and
NOj3 —N in Stream Water (mig/1)

Concentration Exotic Forest Indigenous Forest
e NOy—N TP NO3—N
Maxinum 0.76 2.4 0.64 2.40
93 Percentile 0.17 0.93 0.09 0.74
Median 0.0 0.10 0.02 0.05

Source: Adapted from Cooke (1980),

Table 14. Mean Concentrations of Elements in Streamwater Draining Small
_Catchments (mg/1)

Element Exotic Pine Forest Indigenous Forest
PO,-p 0.0 0.02
NO4-N 0.06 0.03
NH, 0.01 0.02
Na ahL10 2.29
K 0.70 0.48
My 0.50 0.97
Ca [.60 0.93

Sowrce: O'Loughlin (1981, Pers. Comm.),

and P) in streamwater are only marginally higher from maturing radiata
pine plantations than from undisturbed indigenous beech-podocarp
mixed hardwood Torests (O'Loughlin 1981, Pers. Comm.).

The concentrations were somewhat higher in 12 catchment studies deal-
ing with total phosphorons and NO3~N (mutrients of importance in cu-
trophication), us shown by Cooke (1980) in bis summary of wate quality
data His avalysis is summarized in Table 13,

O'Loughlin (1981, Ders. Comm.) has provided additional unpublished
materid from aconverted cauchmen study in northwestern South Island
(Table I,

On the other hand, Swank and Douglass (1977) have reported that
though the ion concentration at Coweeta remained 1he same, the reduced
stream{low experienced in the pine watersheds meant an export of | to
nearly - kg/ha/ve less (1010 75 pereent less) of Mg, K, Ca, and Na than
their controls, In spite of the NOg - N concentration in the streamflow be-
ing greater, the decreased streamflew meant that the out flow total was not
greatly different,

One tropical situation study available from Queensland, Australia has
implications relating to this process. Brasell et al. (1980), in studying min-
cral clement content and quantity of Titer fall under tropical rainforest and
a plantation of Araucaria cunninghamii, found that there was litsle differ-
ence in annual aceession 1o the soil of N, P, Na, K, and Ca. Therefore, if
streamflows ave not markedly different between the original and the con-
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verted forest (the general experience and prevailing thinking in tropical
Australia), the nutrient outflow should not be greatly different.

One can only speculate, however, on what may occur under a regime of
clearfelling plantations of fast-growing, short-rotation forests for energy,
involving whole tree (and branches) removal. (See, for instance, work by
Bruijnzeel [1982] with Agathis loranthifolia plantations in Java and his spee-
ulations about short-rotation, total-tree harvesting.) The possible nutrient
budget reductions due to export of the biomass from the site would un-
doubtedly result in (1) higher outflows in the stream water, more fre-
quently at the harvest times, and (2) gradually decreasing nutrient out-
Hows from the maturing plantations over successive rotations.

SUMMARY AND IMPLICATIONS

"The counteracting of conservation and development forces in the policy
arena will undoubtedly keep very much alive the issue of whether or not to
converta dwindling indigenous forest estate to forest tree plantations, es-
pecially to exotic, single-species plantations. The inereasing need for wood
energy, as well asthe need to make forest lands more economically produc-
tive, pushes in the direction of more conversions with fast-growing planted
trees. Those who opoose widespread conversions point out the increas-
mgly important biological, aes:hetic, recreational, and heritage values of
the remaining native forests, and wish to sce the wood factory plantations
restricted to already denuded and degraded lands. As the benefits and
costs of this issue are analyzed, both those wishing to inflate the benefits as
much as possible and those wishing to inflate the costs may be tempted to
bring in arguments about the hydrologic/soil/nutrient outflow effects of
such conversion. Reliable information on these effects in tropical situations
is scarce. In general, however, the greatest effects ave due to the conversion
process itself rather than to a change in forest. The temporary (one to four
years) eflects of clearfelling are increased water vield, stormflow, low flow,
and on-site crosion (depending mainly on the care with which the products
are extracted) and corresponding increased sedimentation, and nutrient
outflow. If such clearfelling becomes frequent, and this is usually the case
in plantation forestry, these effects will also occur more frequently. Careful
harvesting will minimize some of the undesirable effects. If rotations are
longer. the effects should be no worse or better than in harvesting rative
forest by the same methods.

Undesirable increases in on-site erosion and stream sedimentation may
be caused by site preparation where caltivation is involved. Contour strip
cropping can substantially reduce erosion (and sedimentation) where cul-
tivation must be done, and leaving buffer-filter strips of native vegetation
along watercourses can minimize any increase in sedimentation.
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There is evidence of linle difference, oncee conversion has occurred, in
the variables under considerition between native cvergreen broadleaved
forests and pine or broadleaved plantations. (The most frequently ob-
served difference isaslight decrease instream(low.) However, where there
s dormant season characterized by deciduousness in the natural torest,
andwhenitis replaced with an evergreen conifer plantation, there may be
substantial veductions in annual stream flow, particularly in the dormam
NCASOL.

Fhereis reallvagreat ack of information on the elfects of conversions in
the tropics that considers the wide array of environmental conditions and
prictices. Studies of Tow Tertility sites in the humid tropiesare particularly
needed. Second rotations ol pines on converted low fertility sites are re-
portediv suffering declines in productivitg thongh this phenomenon is not
asvetwelldocumented. Natvient eveling mav not he astght™” under plan-
ttion conditions,

Morcover: the current pushin the tropics to convert so-called “unpro-
ductive” native tovestin drier areas to Fast-growing species with short rota-
tons (three to cightvears) tor fuelwood or dendrothermal energy muast be
accommadated with caution, even though mtrogen-fixing tree species ave
used i an attempt o solve one ol the nuvient depletion problems. Re-
searchin this importantarea is urgently needed.
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8
Conversion to Grassland or Savanna

for Grazing

Forests may be grazed and the trees cut (often for fuelwood) so that over
aperiod of time (the length of which depends on the intensity of the cutting)
the once-forested arca is converted to rough grassland for grazing. Burn-
ing may be used 1o hasten the conversion and then used subsequently as a
manggement tool to chminate successional vegetation and to “green up”
the grass. Fodder lopping can accompany grazing in the forest and if over-
donce canalso resultin a conversion. Forests also may be clearfelled, the site
prepared, and an artificially established (sown) pasture developed for
grazing. In many parts of Asia, forestlands that have been degraded by
logging followed by unstable shifting cultivation, often may become domi-
nated by coarse grasses such as Imperata cylindrica. Burbridge et al. (1981),
gleaning information from Indonesian government reports, concluded
that “alang-alang™ (Imperata-dominated grasslands) occupies 16 1o 20 mil-
lion ha of that country, and that it takes over an additional 100,000 to
150,000 ha cach year. The Philippines has perhaps 5 million ha of such
grasstands (called “cogon”) that also include a large component of Themada
tricendra (Sajise 1977). In troptcal Africa and Latin America, these de-
graded forestlands now in grass have other names and other dominant
grass species, but the ecological situation is quite similar. Grassland may be
the first successional stage in the eventual recovery of a forest, or it may
remain as the dominant ground cover in a savanna woodland maintained
by grazing and/or fire.

The process of converting forestland to pasture is nowhere more preva-
lent than in parts of Latin America. ‘The “ficbre del pasto™ (the craze or
fever to ereate grazing lands) is resulting in large-scale conversions of trop-
ical forests, especially vainforests. Heeht (1980) desceribes the conversion
process in the Amazon Basin, and suggests that 10 million ha of Amazon
forest have been converted, and that perhaps half of these have been de-
graded and much of them eroded (see Figure 10),

Itis therefore difficult to generalize about the hydrologic/soil/nutrient
outflow cflects ol a change in vegetation to grassland, because of these
dilferent pathways and somewhat different end products. The type of situ-
ation we will consider is usually a grassland characterized by a dense mat of
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of them in the tropics are overgrazed. Overgrazing and compaction by
animals introduce complicating elements, and when use of fire is added,
the comparison of grassland vegetation with forest becomes very complex.
Some of the research reported will be grassland conversions without graz-
ing: some will have various intensities of grazing and other special situa-
tions, including grazing by differentanimals. In cach case reported herein,
the special circumstances will be indicated.

Policymakers are asking whether there ave gains in watershed values to
be had from preventing further conversion of forests to grass, or from put-
ting trees back on grasslands through accelerated reforestation or affores-
tation programs. Again, as in other types of uses or conversions, there may
be many desirable social, cultural, and economic reasons for converting
forests to grassland or vice versa, but here we will deal only with the six
hydrologic/soil/nurient effects already noted. Since most reforestation
and alforestation projects take place in grasslands, the effects of that
change will be discussed under* Reforestation or Afforestation” in Chapter
12. Here, however, we will be imited o the watershed consequences of
converting forest to grassland.

GROUNDWATER, SPRINGS, AND WELLS

Replacement of deep-rooted forests by shallower-rooted grass on deep
soils has generally resulted in decreased intereeption and e ‘apotranspira-
tion losses. One would expect as a consequence greater infiltration into the
groundwater system unless the infiltration capacity is reduced by the con-
version. While again few good data from the tropics are available, results
from existing studies indicate departures from this model as parameters
are altered. For instance. where, due 1o soil conditions, the rooting zone is
comparable for forests and grass, or where fertilizer is added to grassland
to increase production, water use differences tend 1o disappear.

Whether ornot conversion is accomplished with machinery and soil dis-
turbance (as in an artificial pasture) appears to make a difference in the
degree of groundwater recharge. For instance, Boughton (1970) reviewed
Australian experience in converting forest 1o grassland by cutting, burn-
ing, and ringbarking (givdling). He found increases in groundwater level
when trees were replaced with shallower-roote. 1 native grasses. Boughton
has pointed out that where the groundwater was saline, very serious salin-
ity problems have resulted. In one Australian study in Queensland, Melzer
(1962) has veported water table rises of 33 feet following conversion to
grassland. These increases are apparently most attributable to decreased
water use by the replacement vegetation. On the other hand, in Japan,
Munai et al. (1975) have found infiltration under artificially established
grassland 1o be 20 10 25 percent less than under the forest. They have
attributed this to surface compaction due to the large machinery used in
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conversion and the subsequent trampling by grazing cattle. The Australian
studies did not involve mechanical equipment, and the extensive open-
range practices result inless trampling than in managed pastures of Japan.
Stocking density apparently has an eflect.

Other Australian studies in the tropics also suggest that heavy grazing or
overgrazing can produce “seals”™ that restrict cntry of water into the soils
(Motcetall 1979 They found that whereas approximately 90 percent of
the intensive carly season rainfall entered the soil in the grassedareas, only
2510 30 percent entered the seai aveas, Similar results have been repaorted
by Gitford (1978) in Austealias Northern Territon vowhere the average in-
filtration rate in groves o cucalypt and acacta was 3.0 cm/hr; between the
groves, in grassed arcas and areas scaled due 1o compaction, it averaged
22cm/hr,

On the other lund, in div southwestern Queensland, Auastralia, the
pracice ol dearing the trees, windrowing, and buy ning with heavy ma-
chinery (hur without sowing grasses) resulted in decreased hydraulic con-
ductivity on clav-textured duples soils, though not on the sandy-textured
dupleses (Cassells 1981, Pers. Comm,),

I Fijiyinfilovation rates for grasshind were substantiallv less than under
forestaand vunotf was almost 100 percent (Cochrane 1969), Runoff coclli-
cents were 090 Tor grass catchments, 0013 in forest and serub, and 0015 in
undisturbed forest. Uhis situation may have been aggravated by frequent
burning of the grassland. Under these conditions, groundwater accessions
under grasslnds nay decline and compensate in part or entirely for any
reduced use of warer by grass as opposed o trees,

In Tawaii, Mucller-Dombois (1973) has studicd 2 naturalized intro-
duced grass (Cludiopogon vivginicnsy that goes into dormancey during the
Hawaiian vaine season (October through Aprih). In contrast to closed ever-
green rainforests, which utilize most of the soil water that becomes availa-
ble in the root zone, this grass community Filed 1o remove the water
withinits root zone. The sites were obseryved 1o e swampy, with this excess
wiater condition occurring even into the dry season,

STREAMFLOW QUANTITY

Allavailable vescarch work indicates that there is an increase in water
vield when forests are converted to grassland. This oceurs not only in the
conversion process when the treesare cut, but continues alter the grass has
become the vegetative cover of the area. Hlustrative of 1his effect is the
work by Cochrane (1969) in Fiji. He observed that under normal forest
“hankful discharge was not achieved during observations despite heavy
rainfall” whereas under grass “a 300-fold increase occurred within two
hours from commencement of heavy rain In converting a tropical forest
catchment to pasture in Queensland, Australia, water yield was increased
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by an average of 293 mm (10.2 percent) during the first two years as a
result of reduced transpirational demand (Queensland Department of
Forestry 1977).

Fowever, in conversion experiments at Coweeta in the United States,
sown pasture given fertilizer and lime and not grazed, showed that
streamflow yield increases varied divectly with biomass production of
grass (Hibbert 1969). When productivity was high, immediately after fer-
tilization, water use by grass equaled that of the forest it replaced. Dry
matter production progressively decreased for five years as the fertilizer
and lime were used up, and increase in water vield over that of the forested
condition rose to 15 cm. When fertilized again during the sixth year, the
streamflow returned o that which prevailed when the area was in decidu-
ous broadleaved forest. Grazing would probably lessen this effect, so that
with use by animals, even a fertilized grass would yield more water than
forests on deep soils.

TIMING AND DISTRIBUTION OF STREAMFLOW

‘The Coweeta data concerning the effects of conversion to grass (un-
grazed) are the most detailed. Hibbert (1969) and Helvey and Douglass
(1971) have analyzed the data and reported on this work. Peak flow in-
creased up to 200 percent during the transition period after the forest was
cleared and before the grass sed became established. Though water yield
increases oceurred throughout the nine-year period of the study, there
was a shift in timing depending on grass ])l()(lU(llVll) When productivity
was high, grass used more water carly in the growing season and less later
in the season than the forest. When grass cover was sparser and grass was
using less water than hardwoods, the stormflow volume from growing sea-
son storms, storm flow duration and base flow rates all increased. Peak
flows were not higher once the grass was established.

In Japan, grass and grazed watersheds showed larger direct runoff and
peak flows than a forested witershed (Tsukamoto 1981, Pers. Comm.).
The nonadapted exotic grass community studied by Mueller-Dombois
(1973) in Hawaii gave greater runolf during every month, but especially in
the wet season when the grass went into dormancy. An interesting report
from some tropical Australian conversion experiments produced results
that are somewhat at variance with most other work (Queensland Depart-
ment of Forestry 1977). A lowland tropical rainforest catchment was two-
thirds cleared to convert it to tropical pasture. There was a marked in-
crease in baseflow, but no detectable change in quickflow volume,
duration of quickflow, or time to peak. While the annual yield was 10.2
pereent greater, the stream was reported to have a more seasonal nature,
with dry scason streamflow being lower than before clearing.
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ON-SITE EROSION

In Hawaii arcas vegetated with non-adapted exotic grass sulter acceler-
atedberosion, particularly soil slips on steeper slopes and channel erosion
on lowland wervain (Mueller-Dombois 1973). This situation has occunred
even i the absence of grazing, though five has ocenrred and indeed has
helped o spread the grass. In steeplands prone to soil stips grasshand does
not altord the protection given by forests. Steeplands of New Zealand
cleared and converted 1o pastures have experienced widespread soil slip-
ping. and even though these eroded arcas have been treated and revege-
taed with grass, they hive not regained their level of productivity in a
pasture regime compared with uneroded sites (rustrum 1983),

Aside from this special case, other studies show no significant inercase
i on-site erosion hetween established grass and forest it the LTUSS 1s not
grazed. In Malissia, grasshnds e notvegarded s a nutjor problem in
terms ol erosion (Low and Baharudin 1981, Pers. Comm.). In Indonesia,
“alang-aling” covering moderiate slopes Gpproxintely 20 pereenty under
ad200 mmovamtall hadaoreltively Tow erosion rate ol 3.5 t/ha/vr (Coster
F3R8). Grassland inone Philippine stady had the lowest erosion rate for all
slope conditions of five different Lind uses, ine tuding secondary forest and
forest phimtation (see Fable 6). Inanather Philippine studv involving swid-
dencultivation, Lnperata grassland gave lower erosion losses than all other
Lind uses except primary forestand soltwood tree fallow (see Table 7).

When graving occurs the situation changes, Considering the propensity
tor grasslands to he grazed and then overgrazed (even with Impweratu, The-
moda, and related coarse grasses), on-site erosion is ilwins a potential has-
ard. T the divarea ol New Sounh Wales,overgrazing has caused the loss of
up to 10 cm ob the surlice soil by wind and waier erosion (Chorley and
Cowling 1968). The “seals™ produced by grazing in tropical Australia
showed five times as much erosion as forest (Gifford 1978), Masrur and
Famd (1972) demonstrated thar in hill Lind in Pakistan runofl from de-
pleted grass cover was one-and-a-hall times din of protected grass cover
Gud nine tmes that of mature chir pe torest), and relative soil losses
under these covers were roughlv 80:20: 1,

The number ot animals seems 1o be more important in causing crosion,
Hian the kind of livestock, at least with vegand 1o sheep versus cattle, in the
ilbind high countiy of South Island, New Zealand, (Hughes et al, 1968).
As observed by the author in New Zealand, Hawaii, the southwestern
United Stanes, and elsew here, even wild animals an sutficient density can
mnitiate serious erosion in grasslands,

Fhe maost serious consequences of on-site erosion occur when the con-
version process imvolves any baring ol the soil to establish 2 sown grassland
or pasture. Fhese fnereases have been well documented and hardly need
repeating here, Some studies already mentioned in the previous chapter
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dealing with site preparation for reforestation would be relevant here.
Other work also applicable to grassland and savanna will be cited in the
sections on Conversions to Food or Extractive Tree Crops and Conversion
to Annual Cropping. Only two specific studies in which conversions to
grassland were made will be mentioned here. Murai et al. (1975) in Japan
showed increased surface runoff and erosion as a consequence of mechan-
ical site preparation in converting both broadleaved and needleleaved for-
ests to grassland on slopes of 13 degrees to 23 degrees. In the grass conver-
sion studics at Coweeta, United States, the only erosion occurring during
the length of the measurement periods was in the establishment phase
when the sites were scarified (Douglass 1981, Pers. Comm.).

Tropical Agricultural Hydrology, edited by Lal and Russell (1981), contains
several papers reporting on experiments in converiing tropical forestland
to various other land uses, mostly in Africa. Many of these uses entailed
cultivation akin to what would be used in converting to artificial pasture,
and may be referred to for specific data.

Burning, which commonly accompanics grassland and grazing, also has
cffects on erosion. In a study in Amazonian Pery, sheet erosion increased
and carried nutrients with it under a burning regime thai followed conver-
sion of rainforest (Scott 197-1). Unburnecd grassland minimized such losses.

In Iiji, frequently burned grassland sites with slopes in excess of 20°
have active lindslips, and 70 percent of the surface shows scars of different
ages, whereas under forests, landslips are rare (Cochrane 1969). The in-
crease inlandslips on steep slopes reported in Fiji and other places such as
southern California (Rice and Foggin 1971) is partly due to the shallower
1ooting, lower root strength, and smaller root biomass of grasses as com-
pared with trees (O'Loughlin 1981, Pers. Comimn.).

SEDIMENT IN STREAMS

Increased crosion from any of the vartous actions or practices discussed
in the previous section may result in increased sediment in streams flow-
ing fromthe arca. Several studies directly measuring sediment have shown
this. During conversion to tropical pasture in Queensland, Australia, sus-
pended sediment levels increased twofold during high flows. Levels rose
as high as 2,500 ppm during high flows, though there was no change in
sediment level during low flows (Queensland Department of Iorestry
1977). Even three years alter clearing, sediment levels continued to aver-
age higher. Cochrane (1969) has reported that while the silt load from
forest catclments on Viti Levu, Fiji “was not great,” from grassland areas
“vast quantities of coarse granite grits were disgorged into Namosi Creek.
The targid, turbid torrents carried great amounts of both fine and coarse
materials.”
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Helvev and Douglass (1971) have reported that in the absence of graz-
ing, once the conversion period was over and grass was established . there was
no increase insedimentation levels over control forest areas at Coweeta,

ITthereis erosion or potential for erosion, one of the most effective ways
ol reducing stream sediment increases is through the maintenanee of a
tovest buffer/filter strip along the watercour-c.

NUTRIENT OUTFLOW

Fhe mostimportant nutrient losses in converted wild grassland (not cul-
tvated and sowm oceur during any buraing. or through overgrazing that
results inincreased surface runoft, Scotts (197:4) stady ol created grass-
land i montane tropical rainforest showed that burning promoted min-
eval particle and murient losses through sheet erosion, Soil compaction
due to ey grazing and baving of soil due (o overutilization both lead 1o
ncreased narient out low lrom grassed watersheds becanse of increased
renofl or accelerated erosion. The animals harvest nutrients from 1he
arass. Theyabso move them downslope to water arcas as they drink, in-
creasing the rate of export,

Inthe case of gra - onds created by clearfelling, site preparation, and
Sowing grasses the ¢ sion process representsa major outflow of nutyi-
ents. Cutting the forest alone releases nurients that move into the water-
courses (Likens etal. 1970). Then the method ol clearing has various cf-
fecis Rang and Lal (1981), though studying conversion to crops of cassava
and naaize in Nigeria, have shown the effects of site preparation that
arcadsoapplicable w the present discussion. Their results are presented in
abselute quantities in a table in Chapter 10 but are summarized here.
Compared 1o low natrient Tosses during manual dearing and no tillage,
mechanical cleaving vesulted in much higher amounts of plant nutrients
beig removed, The tree pusher clearing method cavsed greater nutrient
loss than the bulidoser sheerblade method,

Fertilization, and particularly overfertilization bevond crop needs for
some clements, canresult ininereased nutrient outflow from managed
grasskands. Grasstands containing legumes may increase the otal nitrogen
content ol the watersheds, thus leading (o higher nitrogen content of
drainage water,

SUMMARY AND IMPLICATIONS

Once forestlnd has heen converted o grassland, the general rescarch
experience has been that there is decreaseed water use, higher water tables,
more surface runoff greater water vield per vear, and increased stream-
How throughour the vear thigher storm flow and higher low season flow).
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This appears to be true irrespective of grazing by livestock at least up to a
levelof severe overgrazing and site deterioration. The picture also may be
altered if during the conversion process mechanical clearing has resulted
in serious compaction and erosion, especially if there has been gullying, In
such cases, there mav not be an inerease in groundwater levels because of
reduced infiltration, which could mean less groundwater accession.

While light grazing in conformance with grassland carrying capacity
does not increase onssite ¢rosion, most tropical grasslands are probably
overgrazed, and this causes erosion, including landslips, slumps, and
stream sedimentation. Stream sediment increases oceur especially if vipar-
tan strips arve comverted to grass and grazed. Concentration of stock in or
adjacent to watercourses commonly leads to ereaticn of continuous sedi-
ment-producing wreas through move frequent stream channel evosion, Im-
pevate and other rough grasses, which mav not be grazed because of low
palatability to certain kinds of livestock, may be hydrologically very satis-
factory ground covers, with greater water yield than forest and no
crosion. Stormftlows are increased, and this may not be desirable; low
Hows e increased and this may be desirable. However, as pressures on
Land increase, more and more of this is being burned and the new growth
grazed, generally resulting in adverse hvdrological vesponses.

Nutrient outflow from converted watersheds inereases greatly if conver-
sion is sudden rather than gradual. Clearfelling and site preparation, par-
ticularly using Lairge mechanical equipment, accelerates nntrient output,
Once grasstand is established, the area still may yield greater nutrient
losses due primarily toany burning that may be used or due to accelerated
runofland erosion from overstocking,

The najor suggestions for watershed liand-use policies that arise from
whit we do know about conversion of forest to grasslnd include:

I Minimize soil erosion in any clearing and site preparation activity.
Where possible avoid the use of large machinery and control its
method of operation where it must be used.

2. Leave buffer strips of forest along watercourses to trap or filter soil
and nutrients and to minimize stream-bank erosion.

3. Control the number of livestock, seasonally as well as absolutely, to
maintain the sustainable productivity of the grassland and to main-
tain as complete avegetative cover as possible.

4. Use the fullarray of sound range or pastnre management techniques
(fevnilization, moving stock, ete.) that are well-known to range
scientists,

5. Refvain from introducing nonadapted grasses that have nndesirable
waler-use clracteristics,

6. Control five frequency and timing, so that five performs its useful
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role o maintaining the grassland againsi woody plant invasion with-
out causing such undesirable consequences as nutrient loss and in-
creased runofl

7. Recognize that in many arcas of the tropics, uncontrolled fuelwood
harvesting, fodder lopping, and forest grazing are converting large
arcas of forestland into de facto grasstand. The watershed conse-
quences of this conversion should be assessed in making land-use poli-
cies for control or Laissez-faire,

8 Remember that on steep slopes prone to landslips and other mass
movements, conversions to grassland usually produce a situation of
higher hazard, even without grazing, than the same area in forest:
with grazing the hazard is increased by a quantum leap.,
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9
Conversion to Focd or Extractive
Tree Crops

‘The natural forest grows many trees that provide human food and use-
fulextractives, as wellas a host of other minor forest products. Use of these
has been discussed to some extent in Chapter 1, and the impzcts of such
use on the hvdrologic soil and nutrient variables under consideration in
this book have been discussed. The array of food from the forests of the
tropics alone is astounding, and was the subject of an entire Discussion
Areaand Agenda Trem (No.9) atthe 1978 Eighth World Forestry Congress
in Jakarta. Many sther trees provide oils, resins, latex, and saps that can be
extracted from rhe sinding tree by tapping. Some of these useful food or
extractive species lend themselves to tree farming in plantations. Where
they are adapted to degraded lands, rocky places, and rain deficient areas,
they may offer cconomical, sustainable annual crops for such sites, thereby
providing food, income, and sound land use. Even on good sites, they may
offer an attractive and sustainable substitute for forest production.

The most notable food and extractive tree crops grown in tropical plan-
tations (usually pure, but sometimes mixed) include tea, coffee, oil palm,
rubber, cocon, coconat, banana, macadamia nut, cashew, papaya, quinine,
citrus, clove, date palmy, durian, fig, Brazil nut, and many others. Where
plantations of such trees, hereinafter referred to as *food tree crops” for
convenience, have proved to be commercially very attractive, it has led to
the clearing of forests and their conversion to these plantation crops. This
activity has often taken the formof large “estate” plantations (e.g., oil palm
and rubber in Malaysia), though food tree crops can be grown on a small
scale on small landholdings (e.g., cloves in Indonesia).

The chief diffevences between conversion o forest tree plantations
(Chapter 7) and conversion to food tree crop plantations ase in the nature
oftheirarchitectinee, the spacing, ground cover, frequency and techniques of
harvesting, and the votation evele. The continuum ranges from small tree or
shrub species, such as tea or coftee that ave picked by hand and sometimes
cultivated between rows, to tall tree plantations such as coconut pahin that
may have i grass or shade-enduring understory annual crop beneath, It
ranges from a relatively long-rotation tree such as rubber (perhaps 25
vears) toa short-rotation crop such as papava (perhaps three years).



82

Inview of the variability it is extremely difficult to make generalizations.
Morcover, very few of these kinds of food tree crops have been the subject
of good watershed studies. Extrapolations from temperate zone studies
with orchards are possible but require care. Temperate zone studies have
not dealt with conversion from forest 1o food tree crops in order 1o assess
changed watershed effects, though there have been recent studies of the
conversion into apple, peach, and pear orchards on extremely steep slopes
in mountainous central Taiwan (Lin 1981, Pers. Comm.).

The best work in the tropics comes from long-standing investigations of
tea estates in Kenvacand Malaysia and of oil palm and rubber in Malaysia
and more recent work with coffee in Indonesia. There is undoubtedly
good material from Latin America, particularly about coffee and quinine,
put it did not come before this Asia/ Pacific workshop.

While there are indeed etfeets coincident with the clearing of forest and
establishment of new plantations of food tree crops, these effects are com-
parable to those discussed under *Commercial Wood Harvesting” (clear-
cutting), " Burning Forestland™ (if that practice is used), and *Conversion to
Forest Tree Plantations” "The effects considered will therefore be those
largely occurring after the new plantation has become established.

GROUNDWATER, SPRINGS, AND WELLS

Mo rescarch direcdy measuring the effects of changing forest cover to
food tree crop plantations on groundwater, springs, and well levels came 1o
the attention of the workshop. T'he best long-term study of conversion ei-
fects is undoubtedly one from Kenva that has been reported on by Percira
(1973) and Blackie (1972). Some inferences may be drawn from this study,
which lasted over 13 years through the sequence of (1) forest, (2) forest
cleared, (3) tea and shade wrees plinted, (4) developing cover of tea and
shade trees, and (5) full canopy of tea and shade. Initially, there was greater
throughfall (less interception) and less water use by the newly established
tea plantation than by the original forest, but the differences disappeared
quickly. Initially, therefore, there may have been some rise in water table (a
phenomenon associated with forest removal for whatever purgosce), but
there was a return to approximately the original status as tree and shrub
canopy closed. Figures 11 and 12 show rainfall, water use, and stream flow
of a forest control and & tea plantation. Note that in the drier years of
1965 ~ 66 and 1966 - 67 the tea used more water than the forest —an unex-
pected effect.

It is thought that other food tree plantations would show a similar lack
of major change in groundwater unless they are grazed underneath. How-
ever, ‘Teoh (1973), working in 23-year-old rubber plantations in Malaysia,
found contimued high pereentages of throughfall (stem flow, ¢ .7 percent;



83

E/Eq—a-—><—b—><—-—— Corm—>g—e 0 ———p
1'=o0

0.9 r

A
N~~
)

\,

08} ~ . ot -,_-‘~
07 Sae ~~.4-’—
06} ©——0—o0 Laganforested control valley

Am==smaws Sambret cleared and planted
0.5 bmemee

mm L
2600 =S L
! s [" i
= ="
2200 S -
S | _S Hs
F S i‘ -
_ ||
1800} L || S L 5 .
_FS L [S r
1400 L e -
El .
E
£l N
=
gl i
c
1 1 1 } 1 1 1 1 L 1

£
1958-9 59-60 60-1 61-2 62-3 63-4 64-5 65-6 66-7 67-8 68-9

Figure 1. Rainfalland rate of water use, ¢/ F,,, of forest (S) and tea plantation (L),
The treated valley was (o) under forest, () cleared and planted, (¢} un-
der i developing cover of tea bushes and shade trees, and (d) under a
lull canopy ol tea and shade,

interception, 2-L.75 percent: and throughtall, 75.07 percent), which might
have contributed to increased aceessions of groundwater unless most of iy
became surface runofl due to reduced infilivation rates from raindrop
impact or from grazing, it occurred

STREAMFLOW QUANTITY

Conversion to food tree crops results in increased water yield, though
this may diminish as food tree crops mature (as in the previously men-
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Figure 12, Eleven-year mean monthly values of rainfall (R) and stieam| low (Q) for
the two catchments—Lagan forested control valey and Sambret
cleared and planted —and of Penman EO from the meteorological site,

tioned Kenya tea estate experiments). Much of the increase comes from
reduced transpirvation coincident with forest removal, and this component
may persist in diminished form as the plantation matures. 1f the tree or
shrub cropis a short-rotation crop, however, these increases will occur peri-
odically as a plantation crop with declining product yield is replaced by a
new one. Another factor manifest in some food tree crop plantations, how-
ever, is increased sirface runoft;, and this will show as inereased yield. In
terraced tea plana-ions, this does not occur, It did not happen even with-
out terracing in the Kenya experiment, in which slopes were about 4 per-
cent (Edwards and Biackie 1981). (See Figure 11 showing rainfall and
streamtlow by month.) However, Gintirgs (1981), comparing undisturbed
forest with coffee plantations in Sumatra, Indonesia, found substantially
greater surface runot? during iwo different seasons and under different
ages of colfee onsteep slopes (see Tables 15 and 16),

In many Indonesian coilee plantations, even on steep slopes (46 to 66
percent), Manan (1981, Pers. Comm.) has pointed out that every year peo-
ple come to weed and rake around the trees. This exposes soil, which may
then be compacted by raindrop throughfall, resulting in increased surface
runoff and erosion,

The effects on the average annual runoff of the process of clearing low-
land rainforest (including burning) for conversion to oil palm and rubber
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Table 15. Comparison between Undisturbed Natural Forest and a 16-Year-Old
Coffee Plantation (Coffea robuta) { January — April 1980)

Undisturbed 16-Year-Old
Variable Natural Forest Coffee Plantation
Slope (90) 52-65H 96 -49
Precipitation (mm) 926.5 926.5
Surface runoft (m*/ ha 104.75 633.37
Percentage ol precipitation 1.3 68.4
Frosion (¢/ha/6 mo) 0.28 1.18

Souree: Adapted from Gintings 1981,

Table 16. Comparison between Undisturbed Natural Forest and Coffee
__Plantations at Various Ages (May — October 1980)

Undisturbed Coffee Plantation
Variable Natural Forest 1 year 3 years 16 years
Slope (/0) 5265 H—-63 62 -66 46-49
Precipitation (mm) 1.33&.4 1,338.1 1.338.1 1,338.4
Surlace runott (m*/ha) 101.42 237.91 153,98 837.57
Percentage of precipitation 7.6 17.8 33.0 62.6
Frosion (17 ha/6 mo) (.31 1O 1.07 1.27

Sowrce: Adapted from Gintings (1981),

plantations have been shown in three experimental basins in Pahang, Ma-
laysia. Low and Goh (1972) and Toebes and Goh (1975) have found annual
increases averaging 10 pereent. A recently installed catchment experiment
in Pahong is shown in Figure 13,

TIMING OF STREAMFLOW

In the Kenya tea conversions, no significant change in seasonal flows
wis observed, but according to Edwards and Blackie (1981), process and
modelling studies revealed differences in interception and transpiration
which in other envivonments might alter the seasonal distribution of
streamflow. However, in Malaysia in two neighboring catchments, one un-
der lowhind rainforest (21.8 km?) and the other converted to rubber and
oil palm (23.6 k), it was found that on six occasions when runoff simulta-
neoustvexceeded 0.1 m*/km*/secin both catchments, unit peak discharge
vidues for the converted carchment were between 84 and 140 percent
higher (Hunting Technical Services 1971),

ON-SITE EROSION

In Kenya, replacement of rainforest by comour-planted tea estates re-
sulted in no significant increase in crosion (Edwards and Blackie 1981).
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Figine 13 Recenthoinsaalled carchiment imonnaoning i Pabang arecob Malavsia o
determine Indvologic mpacis of conversion of low Lined opical vam-
lorest to o palin Forest was deared i JOSE 1|)lllblu Jattun s TUS2),

Che investigatons pomt owr, however, that simiban vesults would only be
obtamed under stmilin conditions: decp, porous, stone-free sonls, well-dis-
tributed ramtal cmore than 2000 mm, bt with a mican masimum of 282
murand o i of S mmn: cthioient soil conservation measures: aned
gentdesle ot percent, Other siaatons have validared their cautionan
conchusions. ror example, Shallow (1956) Tras teported subsantal crosion
under tean the Cameron Thehlands of Malasin where slopes are more
than 10 percent without tenacmg. This was not quantified by direct mea-
surement, but was hased on abservation and measutements of sediment
load instreams from i ee catchments, Soil ¢rosion tates were estimated as
Pl ki v fon jungle dorestand 269 m* ki v tor teas In Laiwan,
the author fus observed miproperiv constructed and poorlv maintained
tertaces under tea o steep slopes and subject o phoon tainiall patterns,
Fhese showed diarmane erosion that swas not apparent under forest, Lin
CHOST Pers. Commo and the author have observed the same evidence of
seHons croston as an clfecr of comersion to apple. pear, and peach or-
chards sl sitianons inc Laiwan. Gintings (1981 has noted increased
crosion rates under colfce on steep slopes in Sunanra, Indonesia (reler
back to Lables TH and 16,
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In India, in the Ghats Hills, erosion rates under tea as compared to those
under natural forests were reported by Chinnamani (1975) as: natural for-
est, 0.062 t/ha/yr; tea with a 95-percent canopy, up to 0.224 t/ha/yr; with
a6 percentcanopy, up to 0.578 t/ha/yriand with a 15-percent canopy, up
to -£.622 t/ha/yr. 'These rates do not seem serious, ati .t under the 95-
and 65-pereent canopy levels.

Much depends on the ground cover under the tree crop, and its use or
lack of use. This is well illlustrated by the Indonesian coffee plantations
where annual weeding and raking on steep slopes has exposed so much
soil between trees (Manan 1981, Pers. Com). Rubber plantations are of-
ten cultivated between rows in the carly vears, and this practice produces
significant erosion on slopes which are not contour worked. On the other
hand, Drvsdale and Manner (1981, Pers. Comm.) have i cported that in Fiji
Myng-rotation coconut plantations maintain continuous tree cover and
have a grass ground cover which, unless it is heavily grazed, effectively
prevents erosion. Griazing in rubber plantations, which is being promoted
in some areas, has o propensity o result in on-site erosion on steep slopes,
unless grazing is very well controlled. I the steep Taiwan fruit orchards,
use of herbicides ta kill ground cover between trees has resulted in erosion
losses, as well as adding chemical materials 1o the water runoft (Lin 1981,
Pers. Comm.). Morve recently, declining prices for fruit are resulting in
less expenditure for grass and weed control, and the erosion potential is
diminishing. Cultivating the ground under the tree erop to produce an-
nual crops is called agroforestry and will be discussed in Chapter 11, On
steep slopes, such practices can result inincreased erosion compared with
undisturbed forest.

Erosion riates may increase sharply during the time of tree crop replace-
ment with a new crop. Hthe mature trees are simply cut and new ones
planted withoutmuch soil disturbance, there may be little or no increase in
crosion, Hreesare bulldozed and the ground is prepared fora new crop,
only caretul methods will prevent major increases in erosion on sloping
land. The frequency of such disturbance depends on the cconomic rota-
tion of the crops. Most tree crop rotations Tast at least ten vears. Banana
plantsine an exception, bur while the individual hanana plant has an eco-
nomic lite of less than two vears, the vegetative natural reproduction
tmethod emploved does not lead necessarily to serious site disturbance.

Food or extractive tree crops may introduce another major factor not
found i natural forests —the need for a fairly den and continuously
used road network for harvesting (e.g., for heavy fruits of oil palm). In
steep terrain, unless very caretully Laid out with regard 10 slope and water
handling, and unless well maintained, roads can result in much on-site
crosion by simply channeling water and increasing its propensity for rill
and gully erosion.
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SEDIMENT IN STREAMS

In Malaysia, Shallows (1956) mcasured sediment yields from three wa
tersheds with different land-use combinations, including forest (jungle)
tea, and vegetables. His vesults are presented in “Table 17. Slopes in the
Cameron Highlands are often over 40 percent, and terracing with tea i
unfortunately not common. ‘These results are to he compared with thosc
rcp(n‘lcd for the -t percent slopes with terracing in Kenya, where no in-
creases in sediment vield from forests converted to tea were detected (Ed-
wards and Blackie 1981). Shallows” study also showed that for average and
below-average flows, the suspended matter in the streams was mainly or-
ganic, butas water velocity increased, the amount of mineral soil (includ-
ing sand) in suspension increased in Sungei Bertam (see ‘Table 17). At 80(
cusees, the stream sediments were between 40 and 60 percent coar se sand,
5210 31 percent medium sand, and even some fine gravel.

The importance of ground vegetation along watercourses is evident in
Fiji, where banana plantations along the banks of the Rewa River pro-
duced little or no sediment because of the good ground cover maintained
bencath the banana trees (Drysdale and Manner 1981, Pers. Comm.).
Where tree erop estates with sparse ground cover occupy land right to the
watercourses, as i some oil palm developments in Malaysia, the author has
observed ereation of sediment-producing ripavian areas which ave persist-
CIL SOUTCES.

He has also observed that roads associated with food and extractive tree
crops are often the most important causes of sediment. The heavy and
somewhat difficult-to-handle fruit of oil palm leads to vather dense road
networks. Adverse effects can be minimized by careful design of the net-
work, design of the road itself, and proper maintenance (see summary for
this chapter).

NUTRIENT OUTFLOW

Apparently there have been very few experiments that have compared
nutrient outflow from tree crop esiates with that of forestland. None were
presented at the workshop, and further sc.uchmg has not revealed any in
the Titerature. As stated previously, the conversion process of clearing the
forest (particularly if fire is used concomitantly) results in an outflow of
nutrients from the site. With perennial tree crops it is likely that the rate of
loss will decrease as the crop ages, till it would soon be at or near the level of
the forest it replaced. The nutrient budget might indeed ha ¢ been re-
duced, but the rate of loss may not be greatly different once the sive is fully
occupiced by plants. For some tree crops in some civcumstances, fertilizer
may be added, and this changes the situation. In general, on low fertility
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Table 17. Characteristics and Sediment Yield from Three Watersheds in the
Cameron Highlands

Watershed

Sungei Sungei Sungei
Area Type Bertaim Kial Telom
Watershed area (km?) 72.52 21.37 77.70
Arcain jungle (7) 64.0 70.0 94.0
Arcaintea (%) 21.0 11.0 5.0
Areain vegetables (% 7.0 19.0 1.0
Openarea (%) 8.0 — ~-
Sediment yield (im*/km*/vr) 104.0 111.0 21.0

Sowrce: Adapted from Shallows (1956).

soils in the tropics, in the absence of artificially applied nutrients, one of
the few sustainable intensive alternate uses of forestland is for food and
extractive tree crops, because of the ability of such crops to reduce the
“leaks” from the nutrient system.

SUMMARY AND IMPLICATIONS

On suitable sites in the tropics, food and extractive tree crops are an
attractive land-use alternative to forestlands. One important consideration
in making land-use policy with respect to location and extent of such con-
versions is certainly the watershed hydrology/soil protection trade-offs
between the two forms of land use.

For relatively long-rotation tree crops (upwinds of 15 years) in certain
Kinds of environments, witin appropriate soil conservation practices and
hydrologically sound roading, there appears to be litle difference with
regard to important changes in the six variables under consideration once
the conversion has taken place. Some of the conditions necessary for this to
be true appear to be the following:

I. Minimal cultivation and soil exposure during site preparation follow-
ing clearing,

2. Construction and maintenance of terraces on sloping lands where
a sod will not be maintamed (e.g. on many tea, coffee, and rubber
estites).

3. Retention of buffer strips of natural vegetation along watercourses.

1 Careful roading with regard to water handling characteristics (slope
constraints, outsloping, water bars, culverts where appropriate, mini-
mim density of network, establishment and maintenance of grass
cover on surface and banks, etc.),

5. Understory management of ground vegetation so as not o develop
surface compaction, bave soil, and crosion channels through avoid-

ot
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ance or carelul use of such practices as grazing, cultivation, herbicide
use and burning,

6. Speciat conservation measures when a mature crop is replaced with a

new one,
- Selection of long-lived trees that will persist more than one rotation
where shade or nursery trees are beneficial.

~1

Where such conditions are not in eftect, there has been ample evidencee
that Tood and extractive tree crop plantations can produce changes in
groundwater, increased annual water vield, increased peik flows and
stormflow volumes, increased onssite erosion, increased sedimentation,
and increased nutrient outflow feading to diminished site productivity.

Countries like Malavsia, which have adopted Land suitability classifica-
tion systems 1o delineite oil palm-rubber-cocoi development arcas, are 1o
be commended. An additional desivabie refinement is the actual spelling
out of the performance standards that make such areas sustinable and
hvdrologicallv /erosionally suitable, Scecuring continuous adoption of
those performance standards is a most ditticul task.
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10
Conversion to Annual Cropping

The Tand-use system considered in this chapter is defined as one where
cultization of the soil occurs at least once annually in the process of plant-
g, caring for, and harvesting a plant crop. Only rain-fed systems will be
chscussed, since the use of irrigation introduces =0 many confounding vari-
ables i soil and water relations. Even without irrigation, the variables are
complex when considering the wide vaviety of crop species, tillage prac-
tees,soils, slopes, degrees ofmechanization, and use of fertilizers. Agricul-
tural hvdrology (including soil. water, and nutiient conservation in agri-
culturey is a most important rescarch Lrea, and s'nee food production on
Farme s a major cconomic endeavor in the tropics, much adention has
been given to this subject. Large efforts have gone into research on the
hvdrologic effects of tropical agriculturc and much has been written. 1t is
bevond the scope of this chapter te wrear this topic in detail. Nevertheless,
for the sake of a more complete picture or forest land-use options, it is
desirable to indicate some of the effects of converting forest to cropland on
the sixselected water, sorl, and nutvient parameters. Only general effects
can be mentionsdin this chaprev and Tropical Agricultural Hydrology by Lal
and Russell (1981) should be veferred to for more specific information on
this topic,

For any particular crop grown, and for any given physiographic and
climatic sitwation, one of the imost important factors influencing the im-
pactis the extent to which soil und water conservation farming practices
have been used. For instance, en tropical steeplands, well-constructed and
well-mamtained terraces have permitted stable and continuous annual
cropping tor generations. Where terraces were not employed, the de-
graded, gullicd, and now lorgely abandoned steeplands are sad testimony
to the undesirable conseqacences of annual cropning withour consevvation.
Asin Chapter £, " Harvesting Commercial Wood,” an attenipt will be made
to separate the effects on converted tands into two categories: those
farmed witli nd without conservation practices.

The other major impact on water, soil, and nutrients oceurs during the
actual conversion process. as the forest is removed and the land is made
ready for crop planting, When an effect is due to conversion and is only
temporary innature it will be specifically identificd.
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GROUNDWATER, SPRING, AND WELLS

Conventional wisdom and much popular literature suggest that convert-
ing the forest to agricultural Tand (the term “deforestation” is often used)
causes lower groundwater levels and unreliabie springs and wells, How-
ever, no trustworthy studies were found by either the workshop partici-
pants or the author that document this, On the other hand, as has been
reported i previous chapters, there are data that show higher water tables
following forest clearing (Boughton 1970, Melzer 1962), even to 1he point
where in some instances soil salinity problems have developed. This effect
apparentlyis dae to the replicement of deep-roated trees, which are able
to use soil moisture at depth, by shallower-rooted annuals with a lower
water use. {sotlinfiliration rates close to - hat of the forest are maintained
through proper tillage, minimal compaction, and control of surface over-
land flow, this ¢lfect is understand ible. On the other hand, there is an
mtuitive feeling (though no good rescarch evidence) that poor land hus-
bandry, resulting in compacted soils, rapid downhill movement of surface
waten and many water channels (rills, gullies), would eventually resuls in a
reduced rechiarge of groundwater, and therefore in a lower water table,
and less reliable springs and wells on the area,

STREAMFLOW QUANTITY

Cutting of o forest to convert the Lind 1o another use immediarely causes
increased water vield from the area. This has been pointed out in several
other chapters, but particularly in Chapter | dealing with logging. Evapo-
transpivation losses are reduced by this action. The mereased vield per-
sists as long as the regrowth is controlled as bas been shown at the Coweeta
watershed experiments (Hibbert 1967). 1 land is planted to annual Crops,
in effect the regrowth is prevented. As Pereira (1973) has pointed cut:
“Faemlands under arable erops make a direet denand on water resources
and scasonally deplete soii-moisture reserves, but these effects are usually
less thun those of the natural vegetation which they have replaced.” While
good long-term catchment experiments in the tropics are few, there is a
consensus that screamflow quamtity is increased when nartorall ofacatch-
ment is in annual cropping. Russell (1981), in sumimarizing the role for
arable land use in tropical watershed management, stated: “It is possible to
increase the outflow of water from a forested catchment by replacing the
trees with short scason arable crops, particularly in areas with good rains
buta pronounced dry season.”

A paired-catchment study on steep slopes (30-degree) at Mbeya, Kenya,
i which one watershed was approximately 50 percent cultivated in any
given season, gave large increases in water vield (Edwards and Blackie



1981). Low and Goli (1972), reporting on catchment research in ‘pcninsulzn'
Malaysia, showed an annual increase of 10 percent in water yield in a
largely cleared catchient over that from three forested catchments.
There is some indication that the water vield increase due to conversion
to agriculture is not much atfected by whether soil conservation practices
are carried out. Boughton (1970), in his overview summary of the litera-
ture as a guide 1o Australian land and water policy, concluded that there
was little effect on catchiment vield from practices such as contowr banks
and terraces (though storage ponds had an effect). He went on to state tha
the practices that appear to be significant in affecting catchment vield are
those with a divect effect on evapotranspiration loss (fallow, changed root
depth of plants, fertilization, plant spacing). A 1966 evaluation of a large
amount o U.S, Departinent of Agriculture plot and small watershed data,
however, did show some effects of standard soil conservation practices on
total water vield. Conservation treatments on agvicultural land, asopposed
to no conservation, in‘Texas, Indiana, and Nebraska gave reduced yvields of
from 251010 pereent indry vears, with aless consistent effect in wet years
(Sharp et al. 1966). 1 this extra water went into crop production, it would
be i good argument foran on-site cconomic benetit to the soil conservator.
Many dataave from small plots rather than from converted catchments,
and oo few are hrom the tropics. Extrapolation from small plots o water-
sheds and then o viver basins is not possible, and extrapolation from a
temperate zone to the tropics where there may be year-round cropping is
dangerous, considering the importance of the evapotranspiration process.
Nevertheless, it seems clear that conversion to annual cropping does in-
crease water vield, probably in proportion to the amount of the watersaed

cleared.
TIMING AND DISTRIBUTION OF STREAMFLOW

Effects on timing and distribution of water after forest has been cut and
replaced with shallower-rooted plants and bave soil during cultivation pe-
riods has been discussed previously, In general, there are increases in yield
threaghout the vear, but especially during the dry season (see Chapters 8
and 9). On sloping land, theve is usnally more surface runoff in cropland
than in forestland, and this usually reduces time to peak flow. One excep-
tion to this was reported from Kenva where no increased surface runcif
wis detected on the porous-and-stable-voleanic-ash-derived soils of the
catchment under 50-percent cultivation, even on 30-degree slopes (Ed-
wards and Blackie T981). Cropland usuaily also has greater stormflow vol-
ume, higher peaks, and increased storm duration. It is similar in most re-
spects to sparse grassland cover (see Helvey and Douglass’ [1971] results
on conversion to grassland). The presence or absence of traditional and
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well-known soil and water conservation practices makes a difference in
these responses (Pereira 1973, Russell 1981).

There ave data from many plot studies showing both a reduction and
delay in surtace runoff from cropland receiving such practices as terrac-
ing, tillage on the contour, strip cropping, drainage and contour banks,
compared with no conservation. Even in small catchments, these practices
and others, such as water storage ponds, are effective in reducing stream
stormtlow peaks and storm volumes. One cannot extrapolate this to the
river basin in makin g a claim for flood prevention, even for a conversion
from forest to cropland. As one moves down the watershed o the lower
reaches of rivers, eflects arve soon dwarfed by the morphology of the basin,
the geology ol the basin, and the nature and direction of the storm. An-
other set ol important factors allecting floods has to do with accelerated
runoft from the nonabsorbing surfaces of human structures and roads;
the channeling of water by voads, ditches, and drains: and the extent of
human alteration of the river channel and flood plain. To the extent tha
converting forestland to croplind results in more roads (which may be
poorly designed and maintained from a hydrologic point of view), then
suchan agricultural by-product may also increase local flooding and have
asubstantial impact farther below the catchment.

ON-SITEEROSION

Onssloping land, removing the vegetative cover by clearing forest, culti-
vating the soil in planting or weeding, and taking off the crop in harvesting
have vesulted in soil erosion by water. Since soil is the medium for crop
production, on-site crosion has been a subject of much concern and conse-
gquently of much research, A state-of-kiiowledge publication, Soil I rosion by
Water i the Tropics (El-Swaify etal. 1982), focuses on erosion and its control
in the croplands of the tropics. Since this topic has been relatively well
studied, and material is available fairly widely, only a few selected studies
and observations are included in this section of this chapter.

The method of clearing the fovest to convert it to the first crop has sig-
nilicant effects on erosion rates. Research on land clearing in the tropics
has been conducted at the ITnternational Institute of “Tropical Agriculture
insouthwestern Nigeria and has been reported on by Couper et al. (1981),
They compared the cconomics and crop production effects of traditional
minual clearing versus two methods of mechanical cleaving, Lal (1981),
working on the same area, reported on the sediment vield in runoff water
(Table i8). Highest soil erosion was obsery ed on simall catchments mechan-
ically cleared with tree-pusher/root-rake attachments and then conven-
tionally tilledl. This high rate of erosion was observed in spite of the graded
channelterraces that were constructed to minimize soil crosion. There was



Table 18. Effects of Methods of Deforestation and Tillage Systems on Sediment Concentration, Water Runoff, and Soil Erosion
from Maize-Cassava Rotation (Nigeria)

Sediment Water
Density Runoff Soil Erosion

Clearing Treatment Tillage System g/l (mm/yr) (t/ha/yr)
Traditional clearing Traditional seeding 0.0 2.6 0.01
Manual clearing No-tillage 3.4 15.5 0.4
Manual clearing Conventional tillage 8.6 54.3 4.6
Crawler tractor/shear blade No-tillage 5.7 85.7 3.8
Crawler tractor/tree-pusher No-tillage 5.6 153.1 15.4
Crawler tractor/uree-pusher Conventional llage 13.0 250.3 19.6

Source: Lal (1981).
Note: Sediment concentration reported here was from a rainstorm monitored on 31 May 1979,

66
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sigmificantly less soil erosion from manually cleared areas than on any of
the mechanically cleared areas, and less also from no-tillage areas than
from conventionally tilled ones. Erosion was ’ess from plots cleared with
shear blade than with tree-pusher/root-rake attachments, Using Couper
ctal. (1981) data, Lal concludes:

Bringing new Land under cultivation is still one of the cheapest
means ot increasing food production in the tropics. In spite of the
adverse environmental consequences, vast areas of tropical forest will
be developed for food production. Dara presented indicate that
other than the shifting-cultivation treatiment, manually cleared plots
produced less water runoft and soil loss than imechanically cleared
treatments. However, manual clearing can be inefficient, time con-
suming. and uncconomical, and because of the labor shortage, man-
wally cleared plots may not be ready for caltivation in time. Roots and
stumps are not properly removed and pose hazards to the cquipment
for mechanized operations, Mechanical methods are, therefore, in-
dispensable for Large scale deforestation for agricultural purposes.
1o ensure sustrined productivity, it is important to develop appro-
priate soil nrmagement svstems that will minimize the adverse ef-
fects of deforestation by inechanical neeans.

Onsome sites, itis possible that erosion rates will be increased no matter
how the forest is removed. The importance of iree root shear strength in
holding soil in place onareas prone to mass movement has been discussed
previously, particalarly in Chapter 4. The work of O’Loughlin and his
collecagues in New Zealand s particularly refevant (see, for example,
O'Loughlin 197:4h). Morcover, in tropical Australia, Gilmour et al. (1980),
point out that under the particular conditions they have studied, removal
of the vegetative cover can have a major impact on erosion and stream
sedimentation. Their forested catchment was showing saturated overland
flow, and while the stable crumb structure of the surface soil, the surface
root system, and forest floor debris helped to resist the erasive action of
the overland flow, once this situation was altered (as in forest clearing), the
underlying soil of inferior structure succumbed 1o serious erosion.

If the clearing and preparation process results in erosion ¢hannels that
are not stabilized, then these gullies will continue to be a factor in soil loss
throughout the new “stable” regime of the annual cropping process. Oth-
erwise, the impact of the conversion activity per se should be temporary,
and a new crosion rate regime will be established for the agricultural sys-
tem being practiced. This rate will usually hut certainly not always be
higher than the rate that prevailed under forest. Some attention has been
paid to so-called “acceptable” erosion rates while still maintaining a pro-
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ductive and stable system of cropping. Some well-terraced cropland on
steep slopes has been in contimuous production for generations in tropical
countries without signilicant crosion. In Indonesia, it was reported that
crosion on unterraced slopes was around 5 kg/m*/yr, more than twice
that on terraced lands (Gonggrijp 1941). It is worth noting that nany of
these fine land-use svstems are now showing abundant soil slips that are
breaking down the terraces, but they are receiving these mass soil move-
ment effects from new roads, often built into these tormerly remote,
higher-clevation Lainds as part of the economic development process.

In general, crosion rates on cropland have been increased over those
prevailing under the former forest cover, and if no soil conserving mea-
sures are installed, erosion can occur to such an extent that the land must
be shifted toaless intensive use. Shallow (1956) in the Cameron Highlands
of Malavsia studied sediment vields in streams and extrapolated back to
give erosion under vegetables as 04 nm*/km*/yr while that under compa-
rable forest was LEm®/km?* /v (a 30-fold increase under cropping). Manan
(1981, Pers. Comm.) reported ona study in Waspada, Garat, West Java,on a
30-percent stope, with vainfall per month ranging from 214 to 244 mm.
His student, Arsvik, in a master's degree study found land cover and ero-
sion rates in m*/ha/month as follows: plantation forest, 0.00; corn and
peanuts, 3. 18; potato, 13.00. Brunig ctal. (1975) reported that in Sabah on
moderate-to-steep slopes natural forest had annual erosion ratesof 10 -40
i."ha, while annual field crops had over 1000 t/ha. The classic text on soil
conservation in the tropics by Hudson (1971) presents relevant informa-
tion on soil erosion under various cropping practices, as well as methods of
minimizing this process. Many quantified examples of soil losses in the
tropical parts of Africa, Asia, Sonth America, and Australiaand in Central
America, the Caribbean Islands, and the Pacific Iskinds are presented by
Fl-Swaify etal. (1982). It also should be recognized that the erosion associ-
ated with poor cropping practices is magnified in the semi-arid areas of
the tropies (Pereira 1973).

SEDIMENT IN STREAMS

Conversion of forestland to cropland almost invariably results in in-
creased sediment vield, especially during the process of conversion and
usnallv therealter. On-site evosion is responsible for some of this, and it can
be the major reason tor it (E1-Swaify et al. 1982). In fact, many estimates of
relative erosion rates indifferent major drainage basins are based on sedi-
ment measurcements in the streams and rivers, though there are admitted
weaknesses in thisapproach. Unfortunately, sometimes the weaknesses are
not menticned, and average annual suspended sediment loads are inter-
preted back to erosion rates, using a “sediment delivery ratio” Sediment in
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streams can also be derived, however, from soil previously eroded but held
m temporiny storages until some new activity such as conversion to crop-
ping released it into the stream (sce Figure 6 in Chapter ). Conversion to
cropland, by climinating the storages provided by surface debris and topo-
graphic depressions characteristic of forest floors, can release this soil into
the stream. Elimination of the important natural streamside vegetation in
particular results in the release of stored soil erosion material. Morcover,
the increased quantity of water produced by converting forest to cropland
can increase the rate of stream channel crosion and the ability of the
streammn to move more suspended sediment. It is no wonder;, therefore, that
there are abundant data on sediment vields duving and afier conversion to
annual cropping (El-Swaily et al. 1932).

Heve wgain, the presence and kind of onssite soil conservation practice
has much to do with the rate of sediment inerease over that which pre-
vailed under foresthind use. Mitchell and King (1980) in Anstralia re-
ported that soil conservation practices applicd in a catchment reduced
sedimentation rates inareservoir from 617,000 m*/vir to 206,000 mY/yrin
the first seven vewrs ol the project.

Douglass (1967) in Malavsia reported that sediment concentrations were
varcly below 100 mg/lafier conversion to rice, whereas in adjacent forest
arcasonsteeper slopes the coneentrations at low flows were between 1 aned
5 ma/L He also deseribed qualitatively the situation in northern Queens-
land, comparing steep headwater aveas still in forest with gentler-sloping,
lower reaches mainly in divestock and cropping, and stated that there was
invariably increased sediment in the Latter situation. Concern over sedi-
mentation of amunicipal water supply reservoir in Honduras led 1o a
study of sediment production by various kinds of Lind use in a 270-km?
catchment (Castellanos and Thames 1980). Using the Universal Soil Loss
Equationand a Hydrologic Model to analyze the data, they found that next
to roads and trails, cultivaton on hills contributed the greatest amount of
sediment per unitavea, and forests the feast. Many other examples of sedi-
ment vield and stream suspeaded sediment loads and impact on life of
reservoirsare presented by El-Swaifv et al. (1982) for agricultural land in
the tropics.

The rapid sedimentation of and consequent loss of reservorr capacity
has focused much worldwide attention and alarm on the consequences of
converting forestlands to annual cropping (and other agricultural uses
such as meazing). ‘This conversion process is often called “deforestation.”
though that termis avoided here becanse it Tacks precise definition. (Some
writersinchude commercial clearcutting or even heavy cutting as deforesta-
tion.) There is no question but that rates of sediment transport are in-
creased by most alterations or conversions of forest, and also that conver-
sion to annual cropping is a major cause of increased sediment in streams,
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With good soil conservation practices installed and maintained, however, it
need not be a major cause for concern, On the other hand, the worldwide
cconomic situation, and hunger, land tenure, climate, and the soils of the
tropical developing countries in reality should be cause for major concern
in this connection. For example, Wadsworth (1978) has pointed out the
threat to navigation Gilso power generation and water supply) in the Pa-
nauna Canal due to conversion of the watershed forests to cultivation, He
stated that such activity had caused sedimentation in Lake Alajuela to
depths of 7 mand that part of the 1977 problem in the canal that forced
some ships to send partof their cargo across the isthmus by land was attrib-
utable to sediment problems. Sumilarly, the sediment in the lower reaches
of major rivers in India, Pakistan, and Bangladesh that aggravate flooding
has often been atributed o the conversion to agricultural lands of forest
in the Himalavan foothills and lower slopes. While intuitively this seems to
be so, it is diftficult to substantiate a cause-and-effect relationship. 'There
are many other Lactors at work, such s flood plain constriction, increased
roading in difficult terrain, changes in water regime causing change in
sediment deposition patterns, increased stream bank crosion due to loss of
riparian vegetation, and increased landshps due to tree cutting or roads.
Nevertheless, conversion to annual cropping undoubtedly has increased
sediment problems, and this has aggravated flood problems in some areas
and reduced the flood stovage capacity of reservoirs.

In addition to the linkage with floods, sediment outflow from agricul-
taral Tand is mked to amother important problem. Itis not only a physical
pollutimt itseth Gimpaiving several uses society wishes 1o make of water re-
sources), but it also carvies pesticides, nutrients, organic and inorganic
nutter, pathogens, heavy metals, and other pollutants into water (Mitchell
and King [980). Several of these polluting materials are associated with
anmual cropping and are not problems under forestland use.

NUTRIENT OUTFLOW

Nutrient outflow rates from land converted 1o annual cropping will in-
crease over rates prevailing under forested conditions, In some cases, the
rates have increased to the extent that the nutrient enrichment of receiv-
ing waters has become a problem (aceelerated catrophication). Thi situa-
tion usually has resulted when Faalty agriculturad practices prevail.

As previoushy discussed, cutting the temperate forest immediately re-
leasesa flush of nutrients (Bormann and Likens 1981, Likens et al. 1970). Tt
is thought that the situation in the humid tropics may be even more dra-
matic, since so much of the nutricnt budget is in the biomass, precipitation
is higher, the eveling is so vapid, and the nutrient pathways are so dis-
rupted by forest clearing. ‘Iree roots and mycorrhizae have been impor-
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tant in humid wropical forest nutrient eveling, and when these are gone
there is substantial nutrient loss to streamflows (Golley et al. 1978). One of
the most thorough and long-standing studies ol nutrient cycling ina tropi-
cal forestccosvstem has been thacconducted at San Carlos de Rio Negroin
the Amazon region ol Venezuela, Jordan (1980) reported onone aspect of
the work that involved catting ind burning the forest on this site of old,
highly leached, Tow-nutrient-statas soils, and allowing one plot to revege-
tate through successional processes while the other was continually culti-
vated with cassava (manioc) mterspersed with pincapple, cashew, and
plantain. Nutrient outflows [rom the 1-ha plots were measured. Large
losses intreated plots compared with forest occurred for K, Mg, and
NH~N. But the continuously cultivated plot (three vears), also showed
large differences in leaching of P, nitrates, and especially Ca, enough that
Jordan warned that continuous cultivation was not possible without major
nutrient additions, and that these losses were sufficient to hinder even the
recovery of the forest should agriculture cease.

The interest in maintaining soil fertility by minimizing losses of nutri-
cnts through leaching and water vunolt has led toa substantial number off
small plot studies on this topic. Nevertheless, very little tropical rescarch
has been condncted on a carchment scale where nutrients in channeled
How froma forest converted to cultivation (Kang and Lal 1981) have been
measured. One ofthe few studies of this tvpe has heen carried out in Nige-
riccon simall cinchments acthe International Tnstitute ol Tropical Agricul-
ture. Measarements of nutrient loss were made under different methods
ot forest clearing and Land preparation and subsequent planting to maize
and cassava Kang and Lal (1981) reported that all treatments gave larger
nutrientonttlows than the uncleared arca, and that Largest losses occurred
using mechanical clearing with tree-pusher blades and root-rakes, and the
smallest occurred in no-tillage treatments as opposed to conventional till-
age. Theirresulisin terms ol nutrients measured in kg/ha for the differ-
entireatments are given in Table 19,

SUMMARY AND IMPLICATIONS

Conversion of tropical forestland 1o annual cropping has been blamed
for amnnber ofimportant, even catastrophic hydrologic and erosional ills.
Indeed, itis true that the pressure on Eind 10 grow food has resulted in
much ill-conceived land elearing and subsequent land mismangagement,
espectally as forests have been cleared for cash cropping on ever steeper
and steerper slopes and thinner soils. On the other hand, there are many
fine examples in the tropics of sustained agriculture that have prevailed for
many generations, even centuries, where soil, water, and nutrients are hus-
banded carefully. Examples exist even on steep slopes, where terraced agri-
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Table 18. Runoff and Nutrient Loss in Runoff Water for Different Land Clearing and Soil Management Treatments for the

Months July, August, and September (Nigeria)

Clearing Tillage Runoff NH4;~NNO3-N PO;-P K Ca Mg Na Cu3+ Fe Mn Zn Total
Treatment Systems (mm) (kg/ha)
Manual

clearing No-tillage 5.3 0.03 0.04 tr 1.0 04 0.09 Il tr 0.2 0.050.11 238
Manual Conventional

clearing tillage 241 0.1 0.23 tr 24 1.6 0.41 1.3 tr 0.8 0.07 0.09 99
Crawler

tractor/

shear-

blade No-tillage 31.2 0.4 0.7 0.01 3.7 14 0.52 3.3 tr 2.1 0.26 0.17 12.6
Crawler-

tractor/

tree-

pusher No-tillage 66.7 0.6 0.5 0.08 6.7 4.0 1.36 7.0 tr 3.1 0.17 0.18 23.7
Crawler

tractor/

tree- Conventional

pusher tillage 94.6 0.4 1.7 0.07 10,0 7.9 1.30  15.2 4.3 0.35 0.58 41.9
Traditional Traditional

clearing seeding 12.8 0.1 0.1 tr 1.1 2.1 0.46 1.1 o 0.1 0.04 0.09 5.3

Source: Kang and Lal (1981).
Note: tr = trace < 0.01i.
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culture yields annual crops with little or no erosion, and a hydrologic re-
gime is established that is even more socially advantageous than that in the
forest that once occupied the area (for example, many parts of Wi st Javain
rice terraces and home gardens).

Because so much depends on which sites are converted and on whether
the annual cropping is carried out with sufficient investment in soil and
water conservation practices, it is difficult 1o generalize, The environmen-
tal rhetoric abaurt floods, droughts, and Tand degradation following “de-
forestation” is not helptul, Equally, the political rhietoric about “conquest of
the jungle™ by opening up new lands that will feed the masses and offer
opportunities for colonization has often in fact led o serious nnpairment
of lmd and water resources. Some ol the mvths, misinformation, misinter-
precation, and misunderstanding will be discussed in Chaprer 13, in an
attempt to shed some light on this dilemmi Rescarch evidence in the trop-
ies as sosite specific, on such asmall scale, or so scanty that icis difficult o
derive s rescarch-based consequences of conversion to annual cropping for
policies for Lirge arcas of witershed e, A few general extrapolations
are attempted here, however.

Fhoughmost popular writing and even some scientific writing indicate
the contrary, rescarch available suggests that groundwater levels inerease
following conversion ol forest tosmnual cropping. This is likely to be true,
however.onlvwhere soitinfiltration rates close to that of the original forest
arc maintained through proper tillage, minimal compaction, and minimiz-
g surface overland flow by water conservation practices, I poor farming
reduced groundwater access, more than compensating for the gains from
lower evapotranspivation, then the affected water table might indeed
manifestin less reliable springs and reduced well levels.

Al carchment studies involving partial or total conversion of forest to
annualcropping have shown increased vield in annual streamlow. These
mercases usaallv occur throughout the vear bt espectally during the dry
scason. StormHow volumes from the catchment usually increase and time
to peak s reduced. Soil compaction through inappropriate use of machin-
erycan imcrease surface runoftand add to stormflow. The roads and trails
that accompany annual cropping add 1o storm{lows and rapid movement
of waterinto stream channels so that local flash flooding may be increased.
Establishment ol appropriate water conservation practices (contour culti-
vation and ridging, terraces, waterways, carelul road and trail location,
storage ponds) can minimize storm handling problems of local streams.

Increased rates ol soil erosion are i usual but not always necessary con-
sequence ol converting forestland to annual eropping. Arcas rone to mass
soil movement must be avoided, since these arcas may be stable only be-
cause ol the presence of the forest. Once established, these slips and
slumps cannot be cropped, and unless stabilized (often at great cost), they
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will continuce 1o erode and produce sediment with its off-site problems.
‘The effectiveness ol good soil conservation farming in minimizing on-site
crosion has been amply demonstrated, even on slopes of up to 60 percent.
Increased amounts of sediment in streams correlate somewhat to any in-
creased rates of on-site erosion from annual cropping and the conversion
process. This could be minimized by maintaining uncleared bufer strips
along water courses. In addition, the greater streamflow and stormflow
will resultin more sediment being produced because of the greater ability
of the stream to move bed and bank material. Again, the presence of un-
disturbed forest vegetation along streams will reduce streambank erosion
as i source of sediment. Sediment in streams originating from erosion of
croplands mav also bear with it sach things as pesticides, nutrients, patho-
gens, heavy metals.and organic and inorganic matter associated with agri-
cultural activities. These can interfere with some of the uses society may
want to make of the water, and they are therefore pollutants, Such sedi-
ment is hest kept back on the land where these materials can be degraded
safely.

Conversion of tropical foresthind to annual cropping results in greater
nutrient outflow from the avea in watercourses. In tropical rainforests, this
may be especiallv important, since most of the nutrient budget of the site is
in the biomass of the forest. When this is cicared, the eveling is broken and
there can be reductions of productivity status due to nutrient leaching and
outflow. I these cannot be veplaced by artificial fertilization, the period of
annual cropping mav be short indeed, and the operation may resemble
much more an unstable form of shifting agriculture,

I areas of sloping watershed forest ave considered for conversion 1o
annualcropp” and ifthe method ol clearing and subsequent methods of
agriculture involve nosoil and water conservidion practices, then the eval-
uator must recognize that there will vesult a series of erosional and sedi-
mentaton ills,and any benefits of increased water vield may e more than
olfset by local storm flooding ind possibly reduced groundwater levels,
Fhere are in the tropics far too many examples of ill-advised government
colonization schemes and of spontancous transient clearing for cropping
by Laindless wonld-be farmers of unsustainable sites. A legacy has been left
behind of degraded Tands which will only slowly recover to grow commer-
ctal (though often species impoverished) forest. These lands have pro-
duced, and will produce until stabilized, erosional material which has en-
tered stream and viver channels, creating major problems ol reduced
reservoir storage and aggravated tlooding. Adequate hiophysical, eco-
nomic, and social land assessment/classification aimed at preventing such
unsustainable kind transformation is an urgent need.
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11
Conversion to Agroforestry

Agroforestry is one of the older forms of human land-use and may be
defined simply as intercropping woody plants with food or forage crops. It
may also be defined in a broader and more comprehensive manner as
follows (Vergara 1982):

Agroforestry is any sustainable land-use system that maintains or
increases total yields by combining food or other annual crops with
tree (perennial) crops and/or livestock ¢n the same unit of land, ci-
theralternately orat the same time, using management practices that
suit the sociaband cultaral characieristics of the local people and the
cconomic and ecological conditions of the area.

An agroforestry systen may consist of a spatial arrangement of crops.
Common arrangements are:

1. Trees planted at field borders or farm boundaries,

2. Alternate rows of food and tree crops,

3. Alternate strips of food crops and trees (alley cropping or corridor
cropping), and

. Variable mixtures of food crops and trees.

The sequence of planting trees and crops over time represents another
aspect of agroforestry systems. includes:

Lo Alternate or evelical svstemns (., sllil'lin;.‘;,"("lllli\‘uli()n, swidden, bush
Fallow);

2. Partialoverlap in time (g, “taungya™), with underplanting at the be-
ginning or i the end of the full votation or both; and

3. Continnous cropping ina fully integrated system (e.g., Javanese home
garden, svivo-pastoral practice).

A general way of looking at agroforestry systems uses an agriculture-fer-
estry continuuni. This consists of a series of possible combinations between
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agriculture and forestry crops ranging from pure agriculture on one end
and pure forestry on the other, with various degrees of combinations in be-
tween. Closer to the agricaltural end, the system places more emphasis on
agriculturaloutput and less on forestry. Ciose to the forestry end, the system
puts more emphasis ou forestry output than on agriculture.

Thoughanold land-use system for systems) indeed, within the past dec-
ade agroforestey has come into sharp focus as a recommendable system of
Land use for environments where sustainable annual cropping or grazing is
not possible. Agrotorestry is particularly being adopted by foresters and
Lind-use planners as a suitable system for the uplands nd steep slopes of
watersheds. An Inernational Council for Rescarch on Agroforestry has
been established in Nairobr, Kenvi, two agroforestry newsletters initiated,
one hrom ICRAFin Nairobiina one from CATIE in Turrialbe, Costa Rica,
and acleast .o bibliographics have been issued, one from CATIE in Tur-
vialbacand an annotated one from the East-West Conter in Honolubu, all
since 1978 Tnspite ol all of this activity, there has been litde research on
the hvdrologic/soil conservation effects of this Land ase compared with
toresttand wse, veflecting the vouth of the systematic study of agroforestry.
Sanches (1979, for instance, stated at the consaltation of experts on seils
rescarch incagroforestey held in Nairobi i 1979 chat “there is no direct
miormation on soil fertility and conservation under agroforestry systems in
the humid tropies of Latin America” A scanning of over 800 agroforestry
references in the two bibliographies previously mentioned confirmed the
scaretty of divect research on the hvdrologic /soil/nutrient outflow aspects
of agroforestny svsteis, Most literature is still deading with describing, cata-
loging, and classifving practices, considering new species lor trials, looking
atthe sociocconomic aspeets, and assuming that soil and water conservation
will follow. For instance, the most recent major publication on agroforestry,
Agro-Fovesny i the African Humid Tropics (MacDonald 1982), reports on a
rescarch workshop but fails to identify any need for study of the effects of
agroforestry systems on these watersheds relationships.

‘The most applicable compilation of material is the proceedings of an
expertconsultation held at ICRAF on Soils Research in Agroforestry. Yeteven
though this publication contains an excellent sunnunary of Indian experi-
ence by Tejwani (1979), a fine overview by Percira (1979), and the descrip-
tion of Latin American experience by Sanchez (1979) previously referred
to, the inevitable conclusion at this consultation was that there were few
rescarch results and a dire need to quantify the effect of inter- and relay-
cropping systems and inclusion of trees on soil physical properties (Lal
1979).

Much has been said about the positive influences on the physical envi-
ronment of the use of well-managed agroforestry systems, Given the lack
of specific data, most of these statements are derived from analogies be-
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tween agroforestry and other types of land use for which there exists some
information.

Many similarities exist between certain systems or “stages” of agrofores-
try and the other lond uses discussed in previous chapters. Where total
land-clearing is part of the conversion process, the effects on the six varia-
bles under consideration would be the same, whether for agroforestry or
any other nse. I a cyclical system similar to stable shifting cultivation is to
be included, as is suggested by Vergara (1982) and others, then the effects
of this system sequeace have been presenied in the section on Shifting
Agriculture in Chapter 2. The partial time overlap (taungya) system
should have effects at different “stages” than are somewhat similar to con-
versions to annual cropping with soil conservation (Chapter 10), then simi-
lar to cither food or extractive tree crops (Chapter 9) or forest plantations
(Chapter 7). Where a grazing activity is conducted under planted tree
crops, the effects will be similar to chose discussed in Chapter 5 (*Grazing
on Forestland.”) Thus, though there is now little direct evidence from stud-
ies specific to the topic of the hvdrologic influences of agroforestry, much
may be inferved for use as working hypotheses through the innovative use
of existing knowledge.

In making inferences, it is important not to be seduced by i mystique
that has arisen about the widespread applicability of agroforestry and its
ability to solve all Land-use problems in the tropics (Budowski 1981). Few
long-term studies exist, and 1o be adequate, studies of hydrologic and soil
impacts must extend overone rotation, probably 10 to 20 vears (Lundgren
1979). Lundgren pointed out that this is necessary because of the diflerent
minagementactivities and ccological conditions that all play upon the site
during one full cvele, which include “clearing, hoeing, burning, felling,
organtc matter removal, shade and exposuce, nutrient eycling and various
degrees of leaching.” He also pointed out the need to include the effect of
such chimatic extremes as the highest raintall intensity, or the longest dry
period over the rotation,

Rescarch specifically on agroforestry impacts is underway at CATIE in
Turvialba. Apolo (1979) has established plots to study svlvo-pastoral sys-
tems’ impacts on runofland erosion, comparing bare soil, pasture, pasture
plus Envthrina peoppigiana, pasture plus Cordia allivdora, and unmanaged,
densely overgrown Land, Also at CATTE, Bermudez (1979) has set up ex-
periments (plots) to study various conbinations of coffee and Cordia. In
indonesia’s Central Java, the author has observed study plots established
by van Meer ol Gadjah Mada University where runoff and sediment yield
from well laid-out plots of various combinations of sovbeans, peanuts, and
grasses under Py mevkusiiand Melaleuca spoare being recorded (see Fig-
ure 1), In West Java, work is underway at the Institute of Ecology in Ban-
dung, studying the effects of the complex types of dryland agroforestry
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Prgme T Expermmental plos o stads Tvdiologie efieers of agrolorestiy find use
o Connab favanderken by God e Mada Enoversin,

gardenson ol water and nutments bot tield meastmements hase stll nos
beenobraned over asulticienth long period,

Iy view of the absence ol spealic tesults omparing forests with agrotor-
estrs sustems i then effecrsonwatern soil and nateient ourlow, this . hap-
terswill e huve secnon deading with the sis variables dealt with in cach
previouschaprer The few resnlis that have been tound will e set forth s
mcividnad preces of workaned an attempt will be niade ar*summey and
mplicanons”

SOMEPEXISTING RESEARCH

MoCanleyv (1982) nmnensively studied the complex annual crop/food
tree- bamboo iy Lind garden sestems of West Java, Indonesia, set up a
taxonomand cdeulated potential crosion according 1o the Universal Soil
Foss quation. Phe “lorest gandens” inot cultivated and greater than 100
nees harand eventhe “thintree carden” tot caltivared hut less than 100
trees: han Qdave j__',nu(| protecuon even when on the steep \lu])('\ ;\ln()llp‘
those that were tlled hur sall gave good soil crosion protection were the
Siixed brun” and Cmised bimboo” gardens, Seventy-five pereent of the
gandens stadied were on sopes greater than 30 percent. While the com-
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puted potential annual soil erosion losses under all systems seem ex-
tremely high, McCauley pointed out that the rank orderings were accu-
rate. There seems no doubt that on these steep slopes, the agroforestry
systems with a large number of trees, or systems where forest cover is
present at least twice as long as other crops, have less evosion potential than
those with less tree representation. These seem to be quite stable systems
and probably do not difter much from undisturbed forests in terms of
runoff, crosion, and sediment production, as observed by Soemarwoto
(1982, Pers. Comm.) and the author. Water vicld over the vear is probably
higher. Nutrient outflow probably is greater in some of the systems, be-
cause burning is used in the bamboo rotations (“talun” system).

IEannual crops are part of the svstem, and if it is employed on steep
slopes, minimum soil disturbance and incorporation of reasonable soil
conservation practices are important inorvder to avoid increases in erosion
and stream sediment. This is emphasized by Pereira (1979), who draws on
his work in Kenya with the conversions to tea plantations and on a modi-
fied taungya system in a conversion of bamboo forests to coniferous plan-
tations to make observations on agroforestry effects. The tea plantations
had shade trees and represented small holdings of 1 1o 2 ha, so in a sense
they were agroforestry svstems. The results have already been discussed in
Chapter 9 on "Conversion to Food or Extractive Tree Crops.” On these
gentle slopes (1 pereent) and with a full complement of soil conservation
practices, the effects of the conversion over 13 vears have been minimal.,
Soil erosion increases were negligible: water vield increased in the carly
part ol the tea establishment but then returned to about the same; and
while peak flows were initially four times as high as the forested catch-
ment, they decreased to about twice as high, Pereira attributes the latter
clfectto aceelerated ranoft due to roads and drainageways.

Where soil conservation practices are not employed, cultivated cropping
under trees can result in serious erosion. Pereira (1982, Pers. Comm.) has
deseribed a demonstration of agroforestry at a forest station in Southeast
Asiacin which maize and pincapple were planted between pine tree rows
straight up and down 20-percent slopes, He also has warned that the taun-
gvasystem, unless carefully done, is erosion prone when landless families
arc allowed to grow vegetables between voung planted trees in return for
keeping them weeded for the two or three years betore the trees shade out
the vegetable crop. Taungya has also been reported to have produced un-
desirable eroston in Tanzania, but it is suggested that this undesirable as-
pectcan be mitigated by appropriate soil conservation measures (Hofstad
F978). Peveira (1979) has reported on one of the famous East African
catchment experimendts involving conversion of natural bamboo forest to
plantations of pine and cypress. The vines were actually planted along
with vegetables and maize by small-scale farmers in a “shamba” (taungya)



110

system. ‘The vegetable/maize/ pine mixture continued for three years at
which time the pine canopy made agriculture impossible. It was reported
that the system successtully avoided both significant soil erosion and ma-
Jorchangesin streamflow. Soil losses were estimated at onlyabout 1 t/hain
the third vear, decreasing to about 0.1 t/ha when cultivation ceased. He
notes that bulfer strips of bamboo forest were lefi along watercourses (o
trap any erosion that did occur.

SUMMARY AND IMPLICATIONS

Agroforestry is being increasingly suggested by land-use planners for
the tropics as a more stable, sustainable, i possibly even a more econom-
ical and more socially acceptable alternative 1o many kinds of unsustain-
able agriculture, Morcover, converting many conventionally farmed lands
or abandoned slash-amd-burn areas into agroforestry systems may pro-
duce ivdrologic and soil protection benefits, Wiersum (1981) sums up the
situation, “T'he protective function of the trees in relation to soil, hydrol-
ogv and plant protection can be utilized 1o decrease the hazards of envi-
ronmental degradation.”

Some planners are also advocating conversion of forestlands to agrofor-
estry using the rationale that lands thus converted will be producing much
needed food resources, and that because trees are still part of the system,
there will be no undesirable hydrologic/soil/nutrient loss effects. 1t is this
comversion and its impacts that are the focus of this section, and that raise
somie policy questions,

Unfortunately, there are extremely few studies of sufficient duration 1o
provide reliable information abont these effects, and one should not rely
o mystical notions about the presence of some trees in a grazing or crop-
ping svstem. As Lundgren (1979) has succinetly stated, “1t is often mistak-
enly supposed thatany tree crop has the same stabilizing effect on the soil as
anatural forest. Thisis as wrong as to say that a managed ficld is ccologically
cquivalent to a savanma.”

Agroforestry systems are numerous and complex. Combe and Bu-
dowski (1979) recognize 20 differem systems. By oversimplifying and us-
ing the general classification mentioned at the beginning of this chapter,
somesummary statements and implications will be attempted.

Vhe effects of eyelical systems are akin to those of stable shifting agricul-
ture, and since both are small landholding systems, the mosaic pattern on a
watershed with different time sequences means a dampening of any effects
ot specific activities such as forest clearing or burning. Some systems do not
involve burning; just as the system of slash-and-trash is used instead of
slash-and-burn in some shitting agriculture. This further reduces any im-
pacts, especially on nutrient outflow. Thus on a watershed scale, the re-
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placement of forest with a stable, cyclical agrotorestry system is likely to
have little effect on groundwater levels, stream{low timing and distribu-
tion, and sediment in streams. There will probably be a somewhat in-
creased yield of water each year, some increase in on-site erosion (particu-
larly sheet erosion), and greater nutrient outflow than if the watershed
were in forest. The discussion under “Shifting Agriculture” is relevant to
thisagroforestry system.

The systems which resemble taungya involve underplanting of a culii-
vated crop at the beginning or end of a tree crop rotation. These systems
are usually used to establish forest on open land, but in a few cases may be
instituted as part of a program to convert natural forest to tree plantations.
Such a conversion may have somewhat greater effects than implementing
cvelical systems, First, if this practice is used as a conversion from natural
forest, itis often part of a governmental or large private program of re-
placement with tree plantations. The clearing is therefore likely to occur
ona much larger percentage of any catchment, or even involve an entire
catchment. Second, there will be soil disturbance during site preparation
because cropping between the newly planted trees is a feature of the SYS-
tem. The effects of these activities have been discussed in connection with
conversion to forest tree plantations or to food and extractive tree crop
plantations (Chapters 7and 9). They can be of some magnitude, which will
depend on the topography, soils, precipitation, and the degree of soil con-
servation that prevails during the bare soil period. Watershed consider -
ations would suggest that incentives or controls be instituted 1o minimize
adverse effects suchas increases in erosion and resulting sedimentation in
streimns. Retention of streamside butfer strips in natnral vegetation should
be part of the ind-use program.

Continnous-cropping agroforestry systeins should by their very nature
be sustainable. For this 1o take place, special soil conservation measures
need to be implemented. On steep slopes, for instance, terraces may be
needed for the annual crops, with trees (food or forest) planted on the
bunds orterrace slopes. Some excellent examples of sustainable agrofores-
ry systems that are protecting soil and water resources have been re-
ported. Though carricd out on small parcels, these systems may cover an
entire catchment ora large percentage of it. Consequently, water vield usu-
ally is higher than thac of the forest they replaced. Where downhill water
movement is controlled by soil conservation, there need not be major in-
creases in peakflows and stormflow volumes, nor decreases in ground-
water level or low season flows compared with forest.

Where the continuous svstem combines grazing with tree crops, the ef-
fects will be similar 1o 1hose discussed under “Grazing on Forestland”
(Chapter 5). Here the main considerations determining the magnitude of
the impact are whether or not cultivation occurs for pasture seeding and
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whether or not frequent fertilizer applications are made. Because of the
presence of valuable food or wood tree crops, itis not likely that frequent
burning will be used, asis often the case with grazmg wild forestland, Stable,
well-managed sylvo-pastoral systems will have stocking numbers regulated
i conformance with carryving capacity, so that aceelerated soil erosion and
sedimentation should not be consequences once the system s in place. Water
vields will probably be greater than when the area was forested, and the
increased rates of surface runof! will probubly shift peakflows forward, in-
crease peaks somewhat, and increase the volume of stormflow. Ground-
water levels may increase somewhat unless too niuch compiction occurs,
and low flows may be somewhat angmented. Again, it is important that
grazing not be permitted vight up to the stream bank and along its entire
length o prevent the development of riparian sediment-producing areas.
(Water access can be provided through appropriate fencing.) On the steep
slopes where this tvpe ofagroforestry is likely to occur, prior surveys should
identiby critical arcas of potential mass soil movement. Such areas should
cither be retained in forest or have a high ree density in the agroforestry
svstem toamninimize the visk of shimps and Lindslides. Such eritical area de-
termination and precautions should of course be i precursor to any conver-
sion of forest 1o a different Land use. This is particularly critical in connec-
tion with a grazing svstem, because on the steep slopes where mass soil
movement is ahazard one of the commonest conversions is 1o grazing use.



113

12
Reforestation or Afforestation

Reforestation is generally defined as the natural or artificial restocking
of anarcawith forest trees, including measures to obtain natural regenera-
tion, as well as tree planting and seeding. Common usage has tended to
restrict the term “reforestation” to the artificial seeding and planting situa-
tion. Where the Land has not previously or in recent history grown tree
crops, the act of tree planting or seeding is known as afforestation. By 1980,
some 18 million ha had been planted in the tropics (Evans 1982).

The man-made forests resulting from such activity range from large in-
dustrial plantations to the small plots of farmers or villages. This activity is
an important component of many agroforestry and social forestry projects
atamodest level, and of Birge energy “farms” or dendrothermal plantations
on a grander scale. Tt is often carried out as a governmeni activity in the
mterests ol rehabilitation of watersheds, and the anticipated benefits involve
not only obtaining a productive crop from the arca, but reducing erosion
and sedimentation of streams and restoring ahydrological “regulation” 1o
the watershed. Unfortumately, in anticipating hydrologic benefits, many
planting schemes are initiated with the expressed or implied purposes of
“preventing” Hoods and restoring undependable water supplies.

In dealing with these watershed impacts, this chapter is different from
the preceding chapters in that it represents not the use or conversion of
forestland, but putting forest on open land. For the sake of convenience,
the term “reforestation”™ will be used unless there is clear evidenee thag
“atforestation” as defined, is the term that should be used. In general, the
clects of establishing forest on open land will be the reverse of the effects
of removing the forest, and these effects have been discussed in previous
cnapters, particulir v Chapters 8 and 10,

GROUNDWATER, SPRINGS, AND WELLS
Retorestation of open land usuallv leads to deereased water tables, with

ellects most pronounced in the dry season. The additional evapotranspi-
ration demand from i developing plantation as its rooting depth increases
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will reduce the amount of soil moisture available 1o vecharge groundwater
(Holmes and Wronski 1982). In some semi-arid environments, this can
cause potentially significant springflow and well-level problems. Cassells
(1981, Pers. Comm.) reported onastudy in southers: Australia that showed
that lorarcas under grass, ahout 10 percent of the annual 632-nmm rain fall
reached the underground aquiler, but under nearby pine plantations, no
recharge at all occurred. tn norvthern Thailand, Chunkao (1981, Pers.
Conmmnuy also reported i deerease inowell levels in diy seasons following
reforestation. Similur reductions in water table decline following refores-
tation were reported by O'Loughlin (1981, Pers. Commn.) on pumice soils
planted 1o Pinus vadiata, by Boughton and Bonell for Australia where
there wasastrong dev season (1981, Pers. Comm,), and by Douglass (1981,
Pers. Comm.) for the coastal plain of southeastern U.S.

While intuitively one might think the increased evapotranspiration foss
would be more than compensated for where compacted and degraded
Linds had their infiliration rate substantially improved by virtue of refor-
estation, there are no experimental data to support this conclusion. Never-
theless, inmany vopical developing countries, « tizen support for ex-
panded reforestation programs s being at feast partly marshaled by
tnfounded clanms that such programs will restore unreliable springs and
ritise water levels and vields in wells, No research results are yet avatlable
abowt whether reforestation in {og or cloud areas could add 10 ground-

water resourees,
STREAMFLOW QUANTITY

Similavly in much popular writing and political pronouncements, refor-
estation orafforestation is being advocated to make more water available in
streams for hinnan use. Infog or clond forest areas, planting trees can
merease the effective moisture reaching the ground (Ekern 196-4) and
might more thin compensate for inereased water use by the forest. Unfor-
tunately no stream vield data are avatable for this situation. In all other
cases followimghetforestation, research results show a decrease in total water
vield. Banks and Kromhont (1963) showed that in the Jonkershoek catch-
ments of South Afvica there were decreases instreimm ow beginning the
fourth vear after planting and comtinuing to about the twelfth year, when it
reniainced vefatively constant but at @ lower level than prior to reforesta-
ton. In these experiments, natuval sclevophvll serub was replaced with
Pinus radiata, Simik results were obtained in the Transvaal in aftoresting
grassland with Fwcalyprus grandivand Pinas patula (Van Lill et al, 1980). The
cucalypt influence began three vears alter planting, with 2 maximum re-
duction in flow (expressed as rainfall cquivalent) of between 300 and 380
mm/year. Decreases from the pine planting were delayed a year and were
smaller than that under the cucalypt.
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In Fiji, the extensive reforestation and afforestation programs in the
“dry zone” grasslands have resuhied in reduced water yield in streams,
causing considerable concern, and this has sparked a major research en-
deavor by the Fiji Pine Commission (Manner and Drysdale 1981, Pers.
Comm.). At Dehra Dun in India, Mathui et al. (1976) reported yield de-
creases of 28 percent following afforestation with eucalypts. The long-
term and well-known Pine Tree Branch Watershed studies in ‘Tennessee
produced convineing evidence of reduced water yield following reforesta-
tion, mainly with several pine species (Tennessee Valley Authority 1962).
Many other studies from the temperate zone had similar vesvlts, so there
scems little doubt that soon after reforestation, total water yield in streams
from the planted catchments decreases. Bosch and Hewlen (1982) sug-
gested that the deerease is proportional to the growth rate of the stand.

TIMING AND DISTRIBUTION OF STREAMFLOW

The evidence suggests that the decrease in yield discussed here is greatest
during the low flow period. Tt was an apparent 50-percent reduction in min-
imum ows over the period 1969 - 1978 and a 65-percent reduction in yield
over the low-ow period that inittated the carrent concern in Fiji (Kammer
and Raj 1979: Manner and Drysdale, T981 Pers. Comm.). A different result
has been obtained in Indonesia, however by Hardjono (1980) in comparing
an agricultaral watershed with one 25-percent reforested and one entirely
refovested (using Pivus merkusit, Tectona grandis, Swietenia macrophyta, and £u-
calyptus alba). e reported continuous streamflow during the dry season
(rom the reforested areas, 2.5 tmes that of the agricultural watershed. Flow-
ever, there may be additional variables involved, since the study was not
done ina completely controlled experimental catchment series.

With respect to stormtlows and peaktlows, there are some differences in
results, though most experiments have shown somewhat smaller
storm{low volumes, marked reductions in peakflows, and a marked delay
in peaking. The Pine ‘Tree Branch experiments carried out from 1941 to
1960 showed not only a great reduction in highest seasonal peaks, but de-
creases in peak discharges from comparable preplanting and postestab-
lishment storms over the entire range of moisture conditions, rainfall in-
tensity, and scason (Tennessee Valley Authority 1962). For instance, the
time required for 20 and 95 pereent of the water 1o discharge from the
wiatershed was increased some 5 and 18 times, respectively, and the redue-
tions in peak discharge ranged from 92 1o 97 percent in the growing sea-
son and 71 10 92 peveent in the dormant season. Tsukamoto (1981, Pers,
Comm.) in Japan, reporred that peak flows were 14 times greater in the
denuded watershed than the reforested one. On the other hand, Dragoun
and Harvold (197 1), in working with an I8 ha catchment on shallo soil in
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Ohio (U.S.AL), found that pine reforestation produced no effect on cither
the maximum stormflow peaks or the hydrograph shapes.

Analyzing the long-term South African experiments involving affores-
tation of periodically burned. natural veldt catchment, Hewlett (1982) re-
ported on work underway with his collaborator. Bosch, and stated that
there has been no chamge over the vears in cither peakflows or stormflow
volumes. These are deep soil catchments with 2500-mm raintall per year
and normally have small stormtlow responses.

In reviewing his experience with vescareh resalts and the experience of
the workshop participants, Megahan (1981, Pers. Comm.) suggested tha
peaks mav inerease or decrease depending on the previous vegetation,
Land use, soils, and raintfall patternand that itis a complex matter; the most
common experience, however, his been fora decrease in stormflow peaks,

One other aspect of timing and distribution has been noted in Fiji,
where following tree planting more proncunced diurnal fluctuations were
noticed, especially in the diy season, when there occurred H0-percent dif-
ferences between maximum midmorning flows and minimum carly eve-
ning flows (Kammer and Raj 19749),

ON-SITE EROSION

A migjor reason for undertaking reforestation or afforestation is to re-
cuce erosion vates that prevail under some existing nonforest land use.
Both practical and research experience have shown that once forest tree
plntations have been established on formerly open fand, eroston rates
show significant reductions. Most research studies actually have measured
stream sediment vield from an arca and suggested that this indicates the
extent of erosion due 1o some treatment. ' Fhe shortcomings to this infer-
ence have been discussed previously, Nevertheless, there is some validity in
the suggestion that scdiment vield rates ave indicative of crosion rates,
Morcover, sediment vield from the cachment does integrate soil move-
ment from the various activities associated with the land-use treatment.
For instance, assoctted with reforestation there may be cultivated fire
lines and roads for aceess that are susceptible to erosion but would not be
included were one o simply measure on=site erosion in the plantation.

There is no question but that gullies have been stabilized and sheet evo-
sion dramatically reduced by reforestation, once a leaf litter has become
established. Grass cover also is undeniably effective in minimizing erosion,
but where there is grass, there is grazing (and often five), and erosion rates
are therefore usually higher than under forest plantations. Reestablish-
ment of trees can again provide root shear strength to minimize shallow
soil slips on areas prone to mass movement following storm: events
(O'Loughlin 1981, Pers. Comm.).
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Eroded soil depth aver time following reforestation of a denuded slope
in Japan was shown by ‘T'sukamoto (1981, Pers. Comm.) to decrease as fol-
lows: O.70 mm in the fivst year, 0550 mm in the fifth year, 034 mim in the
tenth year, and 0.05 nnn in the fifteenth vear for the whole watershed. He
also reported arate reduction from 72.36 m*/ha/yr 1o 017 m*/ha/yvr as
seven-veraverages on adjacent slopes, one denuded and one reforested to
pines. Hardjono (1980) in Indonesia showed decreasing soil losses in sub-
watersheds as the percentage of reforested area increased from totally ag-
ricultural 1o 100 percent reforested. Manan and Dryvsdale (1981, Pers,
Comm.) reported similane trends in erosion rate reductions in Fiji in the
Lakeba catchment.

The general consensus about decreased erosion regimes following re-
forestation does not mean that the erosion problem vanishes. There can be
significant erosion under forest plantation cover in steep slopes depending
onthe natwre of the understory vegetation (or lack of it) and the character-
istics of the liver and forest floov in general, Reference has already been
made in Chapter 7 concerning certain problems reported in teak planta-
tions (Bell 1973, Kunkle 1978, Michaelson 1975). Branig et al. (1975) re-
ported annual erosion rates in tons per hectare on moderate slopes for
undisturbed natural forest, teak plimtation widelv spaced with mixed un-
devstory, and dense teak plimtation with no understory, as 0.2 =10, 210,
and 20160, respectively. Perino (1981, Pers. Comm.) indicated that in the
Philippines there appeared to be greater erosion in reforested areas under
Abvus mavitome than under Pinas kesiva,

Morcover, one reason tor the reduced rates ol erosion that characterize
reforested Lds is that this generally leads 1o o much dess intensive use of
the avea by man and animals, In very short-rotation energy plantations of’
fast-growing rees, especially under mechanical harvesting, some of this
comparative advantage evaporates. The section on On-Site Erosion in
Chapter -1 discusses erosion problems associated with forest harvesting,
and Appendix Cdeals with guidelines for minimizing erosion impacts of
this activity, Care in harvesting is especially needed for short-rotation
plantations.

An additionai croston probiem sicuaion arises i connecton with any
soil disturbance associated with preparing the site for planting and with
subsequent cultivation to reduce competition in the carly establishment
phase. Ball (193 1) suggested that clearing and cultivation were necessary in
Nigeria for establishing forest plantations. A comprehensive set of moni-
1ored catchment studies involving exotic pine retorestation under various
methods ol stte prepavation have been carvied outin Queenshand, Austra-
lia, since 1978 The initial vesults hiave bheen published by Cassells et al,
(1982}, Thev indicated that, “since the first plantings in 19741, the initial
establishment phase has heen accompanied by significant erosion and
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stream sedimentation.” *Broadeast ploughed arcas” showed the greatest
crostonand “no cultivation” showed the least (butthe Latter also showed the
least satislactory plantation developmenn). The authors reported that con-
tour strip plonghing has now been adopted as routine practice on erodible
soils. A setof planting site preparation guidelines for Queensland is cur-
rentyv heing promulgated (Cassells 1982, Pers. Comm.), In Fiji, the pine
planting program ol the Fiji Pine Commission in 1he dry sone does not
involve cultivation but does include roading, and Drvsdale (1981, Pers.
Commey indicates that until recently these were not engmeered o a high
cnough standard o prevent serious erosion from surfaces and hanks in
the wetseason. e mdicated also that some erosion oceurs during the pre-
planting burning ol the grassland, The Fiji Pine Commission also is develop-
g some cnergy plantations with cucalvprus species in the drv zone, and
Belland Fxvo (1982) pointed out the need for full coltivation prior to and
churing the firstvear of establishment with cucalyprs,and they state that this
also has been the general expericnee elsewhere, If reforestation in the
tropics does require intensive site disturbance to achieve satisfactory estab-
lishineniand growth, soil conservation meastures from agriculture will be
neededioaoid accelerating erosion during the one wo three vears before a
new proteciive hiseline is achieved by the new forest,

SEDIMENT IN STREAMS

Greathy reduced sedimen vields are uswallv achieved from reforesta-
tion oratforestation. Once established, reductions from previous and uses
have been well documented. Hardjono (1980) for instance, reported the
results from subswatersheds i Indonesia thit are given in Table 20, 'Fhe
velorestedirens were planted with Pivies mevkusii, Teetona Lrandis, Swietenia
macroplylaand Evealyprus alha,

One of the clssic studies ol the mpact of reforestation on stream sedi-
ment was condncted from 1941 1o 1960 in Tennessee, (U.S.AL) ona 36-ha
watershed thae had at one time been almost 100 pereent in cotton and
maize. Atthe time of study initiation it was reported that half the arca was
idleand severelv eroded, Tess than one-quirter was in poor forest, and the
remainder was in row-crop cultivation or eroding pasture (Tennessee Val-
lev Authority 1962), Following total reforestation, mainhy with Pinus taeda,
plussome check dams and grassing of gullies the average reduction in total
sediment from 10 1o 13 vears alter treatment was 96 pereent. Sediment
dropped fromaround 58 1/ha/vr 1o 4 thas v though there was a marked
decrease inmen annual precipitation from the first period to the last,

Aemporary substantial sediment increases can oceur above that of some
previous Lind uses due 1o new roading and site preparation work. The
recent Queensland study by Cassells et al, (1982) presented excetlent data
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Table 20. Average Annual Soil and Water Effects of Reforestation Compared
with Agricultural Use in Central Java

Land Use
Upland Dry 25% 160%

Variable Agriculture Reforested Reforested
Watershed area (ha) 207 163 354
Slope (40) 28 28 43
Precipitation (mm/vr) 2,444 2,070 2,618
Discharge (im¥/sec) 3R8.31 23.30 48.83
Unit discharge (im?/sec/ha) 0.175 0.155 0.137
Suspended load (1) 4,171.84 221518 2,880.45
Sediment vield (1/7ha/vr) 20.15 13.59 8.14

Sowree: Hardjono (1980),

on sediment effects of various kinds of plantation establishment methods
under different soil and previous land-use situations. This study particu-
Larly highlighted the role of buffer strips along watercourses. Such areas
should not be culuvated in the planting process but should be hand
planted. They reported that in the absence of buffer strips, there were not
only dramatic increases in sediment concentrations for the first two years,
but that streambank sediment sources ereated by site preparation contin-
ued to vield accelerated levels of sediment well mto the rotation. Roads
and firebreaks must be laid out cavefully and well maintained if they are
not to be sediment-producing teatures. Appendix G suggests some guide-
lines foramehiorating this impact from these sources.

NUTRIENT OUTFLOW

Nutrient outtlows from reforested catchments, or even plots, compared
with those from agricultural cropland or grassland, have not been re-
searched extensively, Tt is thought that nutrient outflows would be re-
duced, particularly il fertilizers had been part of the previous land-use
svstent, or where there had been active erosion that found its way into wa-
tercourses as sediments. The use of nitrogen-fixing trees in reforestation
mightalter the situation. Short-rotation tree havvesting would likely speed
up the outflow of nutrients compared with long-rotation trees, unless it
were a coppicing svstem or seedling regeneration immediately obtained
by natral or artifictad means.

SUMMARY AND IMPLICATIONS

In tropical countries, there is a widespread popular belief that reforesta-
tion will improve groundwater aquifers and result in not only more water
i streams, butin “more reliable” flows, i.c., greater low flows. Such a belief is
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partly responsible for the support of watershed tree planting programs in
the Philippines (Saplaco and Perino 1981, Pers. Comm.), in Thailand
(Chunkao 1981, Pers. Comm.), in Indonesia (Manan 1981, Pers. Comm.), in
Malavsia (Low 1981, Pers. Commu, and in Papua New Guinea (Vergara
981, Pers. Conmu). Teis only within the past two vears that it has been
questioned in Fiji (Manner and Drysdale 1981, Pers. Comm.), at least in
government corcles. This belief is not unique to lavmen in tropical coun-
tries, for it pervades much of the popular writing in the temperate coun-
tries also. Yet the overwhelming evidence from catchment research s that
folowing reforestation, groundwiater levels are lowered aned stream yields
are reduced, both effects being more pronounced in the dry scason or
growing scaxon. A possible exception exists when reforesiation oceurs in
arcas of porential fog or cioud water capture, but there are as vet no field
experiments that show this conclusively.

There appears to be enough evidencee to indicate a benefit in some situa-
tions in aflecting stormtlow patterns to reduce the severity of focal flood-
ing. Storm peakflows are usually reduced and delaved. Stormilow vol-
umes may or nw not be reduced, depending on the preveforestation land
use. Anv elfectonreducing local flood severity, however, cannot be extrap-
olated to large viver basins ina claim for flood prevention benefits. The
clfect ol vegetation changes is rather guickly overwhelmed by other river
basin variables. Countries that have instituted large reforestation or affor-
estation programs in orderto prevent Hloods on major rivers (e.g., Yangtze,
Indus, Ganges, Mekong) will not eliminate floods by this program alone.
Fhereare, however, many other good reasons for large watershed refores-
Ltion programs.

One verv real benefit from reforestation is to reduce the erosion rates
thar prevast under most other ind-use svstems. To obtain maximum bene-
fie, however itis necessary to direct soil and water conservation efforts o
any roading, site preparation, and carly soil cultivition work necessary in
the establishment phase and to the site disturbance occasioned by the ulti-
mate harvesting. For fast-growing, short-rotation plamations desired for
fuclwood and energy plantations, the harvesting disturbance produces ac-
celerated erosional situations frequently enough that some of the soil pro-
tection henefits, which are functions of less intensive human and antmal
use, are lost. Trees that coppice for at least a few rotations can eliminate
some of the need for repeated site preparation and cultivation, Instituting
certain practices during harvesting can minimize erosion (see Guidelines
in Appendix ).

Watershed rehabilittion through reforestation or afforestation can in-
deed cause major reductions in stream sediment londs. In this respect, it is
particularly important to stabilize landslips or landslip-prone areas with
forest trees. 1t is important also to establish undisturbed riparian buffer
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strips by reforestation and to refrain from cultivation during the establish-
ment. Roads and firebreaks can be important, persistent, sediment-pro-
ducing arcas and should be designed and maintained with due attention to
soil and water impacts (see Appendix C and Megahan 1977).

It also appears that any nutrient levels in streams that cause problems to
stream users or represent serious losses to the site in question may be re-
duced through establishing plantation forests on open land.

In summary, it is appropriate to :mote Sir Charles Pereira (1973) who
quite aptly stated: "Surveying this scattered experience, it is clear that for-
estshould neither be felled nor planted on a large scale without a study of
the potential hydvological changes which may be expected.”
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13
Rethinking Some Watershed Policies*

In many developing countries, land-use policies for forestlands are be-
ing suggested on the Lasis of the forest’s assumed roles in influencing cer-
tain hydrologic, soil-crosion-protection, and sedimentation-minimization
characteristics of watersheds. In some cases, these roles have been proven
scientifically; in some cases they are folklore or myth—or misinterpreta-
tion of research, Whatever the case, it seems desirable to conclude by shed-
ding some light ona few of the four Ms {imyth, misinterpretation, misinfor-
mation, and misunderstanding) about the cffects of using or converting
tropical forestlands, in a watershed land-use context.

For instance, itis suggested that cutting of rainforest will result m deser-
tification, There is no evidence that rainfall on the area will decrease to the
point where the arcabecomes arid. It also is suggested that reforestation or
afforestation of open lands, including extensive grasslands, will cause well
levels to rise, springs to flow again, and low flows in strcams to increase. All
evidence from temperate zone research, however, indicates the reverse. Is
this research inapplicable to the tropics or are we using the wrong argu-
ments for the right reasons? Floods in the lower streiches of major rivers,
such s the floods in Bangkok and New Delhi, are blamed on tree harvest-
mg or shifting cultivators in the uptands far wvay, This relationship has
never been proved, but could it still be correct and therefore a basis for
Lind-use policies? Or are urban people refusing to look at their actions in
fTood plain occupancy, channel constriction and alteration, and the effects
of such important sediment-producers as roads?

Some of the policies discussed in this chapter have been promulgated or
advocated with clains of a sound rationale of soil or water conservation,
huat which in fact have no scientific basis, or worse, have a countervailing
scientific basis.

*This chapter presents some of the author's thoughts, which are not necessarily endorsed
by the panticipants of the watershed workshop that initiated this publication.
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CUTTING FORESTS REDUCES RAINFALL?

It is being advocated that we save tropical forests, particularly tropica
rainforests, because cutting them will convert the areas into deserts and
create droughts. The World Wildlife Fund/1TUCN Tropical Forests Cam-
paign was initiated in October 1982 at Bali inn Indonesia. It suggested that
following logging, the “land of green gold™ is turned into “uscless desert”
and that "take away the trees and vou get withering drought in the dry
season” (WWIE/TUCGN 1982), Suggestive of the same thinking was the title
ol an influential book, Amazon Jungle: Green Hell to Red Desert? (Goodland
and Irwin 1975). The leader of the Tree Hugging Movement (Chipko) in
India has claimed that cutting of the forest results in droughits (Anony-
mous 1981 In an article entitled, “The Desertification of Asia” it is
claiimed that “deserts can develop with great speed even in the heart of a
tropical ungle” (Sharp and Sharp 1982), In these cases, there may be some
shippery semantios in the words “desert” and “drought” but a dictionary
suggests thatadesert is “arid land with insufficient precipitation 1o permit
plant growth " and that a drought islack ol precipitation or moisture.” It is
hard 1o see how a tropical moist forest area receiving upwards of [,800
mm/yvrobrain can be converted into a desert by logging.

varly forest influence rescarch, showing livle or no relationship be-
tween presence or absence of trees and the precipitation fatling on that
area, was synthesized and brought into the poliey arena in the tropics by
Percivacin 1973 (Pereira, F973). Yet the idea persists that local rainfall is
reduced by cutting forests, and the author has encountered folklore to this
clteet, pacticularly among hanana growers in Central America and policy-
makers in South Asia. s true that there is some recent work in the Ama-
son Basin suggesting that for this large area with its unique hydrometco-
rology. the forest does regencerate some of its own rain (Salati et al. 1974)
and that possibly, therefore, large-seale and prrmanent deforestation (not
Justlogging) could reduce or alter rainfall in parts of it (Salati 1981). This
specalation has not vet received a vinging scientific endorsement.

Saving fine examples of complex topical lowland rvainforests from the
logger isindeed a worthy cause. Indeed., there are many compelling, scien-
tifically sound, and philosophically rewarding reasons for trying to pre-
serve alarge amountof the world's remaining primary tropical rainforest,
but fear of reduced vainfall is not one of them.

One exception to that rule occurs, however, in certain physiographic sit-
uations. For example, in coastal fog belts or at high clevations character-
ized by frequent or persistent cloud, forests can “capture” and condense
atmospheric moisture. This so-called *oceult” precipitation is added to the
cffective moisture receivea by the area and may represent a substantial
percentage ofthe total. For example, in Hawaii it represented an extra 760
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mm above a nonforested 2,600 mm of rainfall (Ekern 1964). Cutting down
the forest results in loss of this occult precipitation, though it is restored as
the forest regrows, If the area is converted to another use, this imoisture is
removed from the water budget of the watershed, including water outflow
from the immediate watershed (Zadroga 1981). Therefore, saving cloud
forests and fog forests makes good hvdrologic sense.

CUTTING OF FORESTS DRIES UP WATER SUPPLIES?

There is a widespread belief that logging of tropical forest watersheds
has caused wells, springs, streams, and even major rivers to cease flowing,
at least during the dry season (Eckholm 1976, Sharp and Sharp 1982).
Policies to set up protection forests that may not be et are being advo-
cated hecause of a supposed “sponge” effect that soaks up wates in the wet
periods and lets it release slowly and evenly in the dry season 1o keep water
supplies adequately restored. It is difficult 1o reconcile such policy with
small watersited cutting experiments that almost universally have given
inereased total water vields over the vear, with the greatest imcreases usually
in the low-flow months. Bosch and Hewlett (1982) have reviewed 94 con-
trolled-catchment studies and reinforced this relationship. They have
even indicated some predictive quantification as to the amount of in-
crease. Moreover, most cutting experiments have shown increases in
groundwater levels (Bousthton 1970),

Perhaps some of the dilemma arises because of semantic problems. The
catchment experiments involved forestcutting and logging, nof conversion
to another use such as prazing or annual cropping. The real-life problem
in the tropics s that forest harvesting is often the precurser o conversion,
and the term “deforestation” (which s often used) inay refer to the se-
quence of Jogpmg, dearing, and then unsustained agriculture or grazing
without soil and water conservation, I compacted surfaces with interven-
ing and frearent gutlies ave the and result (and one finds such landscapes
all too cornmonly in the upland tronics), then it is possible that there may
result such thimgs as lower water tables (less reliable springs and wellsy and
lower drv-season flows i streams. There are no Large-s ale, long-term ex-
periments to support this intuition and professional jndgment. Correla-
tions of Luwd area deforested over time and decreased streamflows are not
cause and effecr, though such a relationship has often been claimed by
writers using such statistics,

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

In some instances, there are valid reasons for establishing totally pro-
tected watershed forests with no forest harvesting permitied, but concern
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that cutting will result in dried up 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 may be a
different story.

CUTTING OF FORESTS CAUSES FLOODS?

There is indeed an intuitive feeling (hased, however, on some scientific
evidence) that forest cover on a watershed does offer the best guarantee
against local flash flooding. However, one must become somewhat uneasy
when hearing statements that “forests guard against flooding™ (Furopean
Environmental Bureau 1982) because the persons saying this are refer-
ring to major floods on farge vivers, Beliel'in this statement about the hy-
drologic safety of forest cover gets misinterpreted o mean that it forests
are cut, major floods will be the consequence. Thus, monsoon floods in
the Ganges and the Indus (which have alwavs occurred) have been aturiy-
uted o ree cutting in the uplands (World Water 1981). A statement by
Openshaw (197 1) that “the principal cause of the recent floods in the In-
dian subcontinent was the removal of tree cover in the catchment areas for
fuclwood.” was recently vepeated at the 1978 World Forestry Congress
(Avery 1978). In the Philippines following the great Agusan tlood of 1981,
the state minister placed “30 percent of the bliine on logging” ol headwa-
ter forests, even though *looding is an annual event, and major floods are
expected about every 20 vears™ (Corvera 1981), There followed in the
same newspaper an anterview witha top official in the Philippine Burcau
of Forest Development on the subject of actions by that organization to
control logging and encourage reforestation. It has been suggested that
“overlogging is now officially recognized as the . use of last July’s severe
flooding of the Yangtze™ in China (Sharp and Sharp 1982).

Are these popular concerns about forest cutting and floods valid, or are
they misinterpretations of research findings? Arve people looking for a
scapegoit so that they do not have 1o consider that floods have always
occurred, but that diunage is truly increasing becaunse of greater flood
plain occupancy, greater channel constriction, and alieration by human
structures?

Findings from paired-catchment research in which one catchment has
been logged indeed usually (but not always) show greater stormflow vol-
wires, higher peakflows, and carlier peaks in streams emanating from the
logged arca (Douglass and Swank 1975, Reinhart et al. 1963). Flooding
may be increased close to the aveacut, but as water is routed down a major
river basin, this effect is rather quickly reduced to insignificance amid
other processes of paramount importance, such as the nature and inten-
sity of the precipitation, the direction it moves across the basin, and the size
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and morphometry of the basin. Hewlett (1982) has recently examined the
evidence worldwide from forest watershed research and reported that
there was no cause-effect relationship between forest cutting in the head-
waters and floods in the lower basin. Even if a wiiole basin were under a
forest harvesting regime, normally it would not be logged off all in one
vear. Those portions that are logged rather quickly return to a prelogging
hydrologic regime as the forest regenerates and full canopy is restored,
even though it 1s voung growth. Morcover, a substantial part of this
stormflow/peakflow effect is due to poorly located and designed roads,
ski trails, and log landings, all of which speed water off=site. Thus, proper
conservation logging can reduce any small effects on upstream flooding.
Floods occur due to too much precipitation falling in too short a time or
over too long a time (prolonged), hevond the capacity of the soil inamtle to
store it and the stream channei o handle it

‘The previous discussion has referred to the impacts of forest harvesting
ont floods, not on the effects of forest harvesting followed by conversion to
agriculture and grazing and subsequent degradation by misuse. Such de-
graded arcas, encompassing whole rviver basins, may indeed aggravate
flooding and be one of the principal causes of serions flood damage. How-
ever, il converted to controlled grazing lands or agriculture under a sonund
soil and water conservation regime, stich watershed land use should no
more cawe loods than would careful forest harvesting.

SHIFTING AGRICULTURE IS RESPONSIBLE FOR MASSIVE EROSION
AND ACCELERATED RESERVOIR SEDIMENTATION?

[ri the press, in environmentalist writings, in political pronouncements,
and even in some literature from Land-use protussionals, shifting agricul-
ture has been condemmned as causing many of the environmental ils in the
tropics (Euwropean Environmental Burcau 1982),

Aside from eliminating primary tropical forest tm inevitable conse-
quence ol shifting agriculture that does have serious policy implications)
this ancient land-nse svstem is most specifically targeted as causing inas-
sive erosion in the uplands and aceelerated reservoir sedimentation in the
vallevs (as is veported tor the Ambuklao reservoir in the Philippines
[Chanco 19831).

The mistake in pointing the finger of blime at shifting agricultures
(e.g. swidden, Kaimgin, milpa, conuco, jhum, bush fallow, slash-and-burn)
isa semantic one. Inits traditional meaning, the label applied 1o a system
ol forest cutting, cropping, and fallowing that was sustainable because the
cubivator was a long-term resident in one place and the cropping avea was
rotated (shifted) in the surronnding arca. The fallow period was long
enough insecondary forest to permit rebuilding of the nutrient budget on
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one site prior to its again being cut (and usually burned) for the next crop-
ping period. With refavively low population density, low technology, and a
subsistence economy, these were stable systems, ecologically well adapted
to the tropical environment. Even on fairly steep slopes, the small arca of
soil disturbed inorder to plantand cultivate annual crops aceelerated ero-
sion-only slightly. The small area caltivated at any one time (typically less
thin 3 pereent of the total arca) in relation 1o the mosaic faliow area also
meant thatany soil moving from the cultivated area was usually trapped by
the fallow, and sediment levels in streams did not necessartly increase in
response to shifting agriculture (see Chapter 2), Many tribal peoplesin the
Nopies are stll practicing this sieie systeis, thongh hoy aoprosent a de-
creasmg minorite when compared to a more e cently developed wastable
svstem, which isalso reterred o as “shifting agriculture.” The distinetion
between these svstems has been elearty identified by Watters (1971) and by
Kundstadterand Chapman (1978),

Fhe newer svstem is an outgrowth of increased population pressure,
Lindlessiesssincreased technology, and a shift tecasheropping rather than
subsistence. These new shitting agriculturists are indeed often true shifi-
ersormgrants mazzt they move into 2 new area, clear it by slash-and-burn
methods mosubstintiallv Loger Blocks, cultivate it until it is worn out, and
then they move on o new arci, They are, i essence, perennmial “new
colonists™ attacking the edge of the pristine forest leaving behind de-
eraded Taind that has sutfered serious erosion because soil conservation
methods are not part of the strategy of the Lindless and poor. Moreover,
stnee there seldom is aomaosaic of ancut forest and fallow patches of scrub,
ninch of the eroded soil does move nto stream channels as sediment and
causes i hostobadverse consequences,

Itis inappropriate 1o group these two dilferent systems under ane blan-
ket term and 1o atvibute the well-documented envivonmental ills of one
svstem to both. This has had disastrous consequences for tribal peoples in
many parts of the tropical world, They have sometimes been evicted from
their inds in the public domain in the name of preventing forest, soil, and
water degradation. A more humane, thoughtful, and ccologically sound
strategy might be to assist them gradually to improve their practices, per-
haps inan agroforestry context, with the introduction of new food (ree
crops. A recent program of forest occupaney marzagement begun in the
Philippines is indeed an important step in this direction (Duldulao 1981).
Letus be more precise in our language when discussing erosion and scdi-
mentation from shifting agriculture. Even with the unstable form of shifi-
ing agriculture, the erosion consegnences may be somewhat overrated, or
it may be at least dwarfed by the erosion resulting from road const uction,
urban development, drainage omlets, and other civil engineering, rather
than agronomic, activities (Sanchez 1979).



GRASSLAND IS BETTER COVER FOR WATERSHEDS THAN FOREST?

In forest watershed research, it has been shown in several experiments
that conversion of forest to grass as the dominant cover has usually re-
sulted in greater water vield (e.g., Hibbert 1969, Queensland Department
of Forestry 1977), higher groundwater levels in(lccp ﬁ()ils‘(li()ughl()n 1970,
Melzer 1962) with onlv small increases or no increases in storinflow. vol-
ume, peaktlows, or storm duration fiow, depending on grass density and
productivity (Hibbert 1969, Helvey and Douglass 1971, Queensland De-
partment of Forestry 1977). The grasslands in these instances were not
grazed, for the experiments were designed to compare the hydrologic ef-
feets of the different vegetative covers. Once the grass was established,
there was ro ditference in erosion rates or sediment production from the
arca (Coster 1938, Helvey and Douglass 1971).

Some politicians, water development engineers, and planners have read
or heard about these results and suggested that grass would be a better
cover than trees on watersheds because increased water vields in streams
and rivers are important in water projects for water supply, hydro power,
and irrigation. Thev have been told that deep-rooted forests are heavy
users of water, and now they suggest replacing them with grasslands that
use less water but stll give hvdrologic safetv. Such o policy, if widely
adopted, would be inappropriate forat least two inportant reasons.

First, these experiments were conducted on moderate slopes not prone
to mass wisting. The importance of tree root shear strength i naintain-
ing slope stability on steepland arcas prone to Lm(lsllp and shumping has
now been well documented (for example, O'Toughlin 197:4). On such ar-
cas, forest cover gives the greatest protection against this most damaging
form ol erosion and s corresponding increase m sedimentation,

In addution, these aforementioned experimental results were obtained
from grasslands that were not grazed and not burned. In actual practice in
the tropics, any avea of grassland is likely 1o be grazed, and usually over-
grazed, and s also likely to be burned to maintain it in grass, While con-
trolled grazing and preseribed burning at appropriate intervals need not
have sertous adverse impacts on the hydroloay and soils of a watershed, such
control is practically impossible to achieve in most tropical countries where
populations are increasing rapidly and food production needs are high.
Overgrazing and indiscriminate burning, especially over long periods,
result in o well-known series of adverse hydrologic and soil movement ef-
fects (Cochrane 1969, Racder-Roitzseh and Masur 1968). The extensive de-
graded grasslands of the tropics are nnravelling testimony to this situation,

Forests are hvdrologically and erosionally safer because they are less
susceptible to intensive use —as long as they are maintained as forestlands.
Harvesting minor forest products from them has an insignificant effect on
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watershed values (see Chapter 1). Commercial wood harvesting, even
when clearcutting is involved, is carried out at relatively infrequent inter-
vals compared with continuous grazing, and any hydrologic or soil impacts
are rather quickly restored to preharvest levels (atleast in the more hinmid
tropics) through vegetation regrowth. Ot some concern, however, to water-
shed relationships will be the inereasing emphasis on plantations of rap-
idly growing trees that are larvested totally, with Lrge cquipnient, on very
short rotations, as cither chips for pulp or for bioenergy.

REFORESTATION OR AFFORESTATION WILL STOP FLOODS,
AMELIORATE DROUGHTS, CAUSE STREAMS TO FLOW AGAIN AND
RAISE WATER LEVELS IN WELLS?

Large-scale programs of veforestation o afforestation ave being called for and
to some extent carried out in tropical watersheds of most countries, As a
strategy to establish “wood factories™ 1o meet needs for fuel, timber, and
otherwood products, this makes good sense. Hopefully it will relieve some
of the pressure on remaining bits of natural forest. Morcover, as a rehabili-
tation device to make unproductive Lands more productive, to minimize
erosion, and to rebuild irutrient budgets, such eftorts are indeed well con-
cened. The Tuzziness appears when the clarion call goes out tha through
planting tees, vaintall will increase (droughts cease), springs, wells, and
streams witl Hlow once more,and floods will be prevented,

In most respects, putting trees back on open Lind (reforestation) or
planting them on areas long without or never with forest (afforestation)
produces the opposite effects to taking trees off, The etfects of forest cut-
ting have been discussed previously but will he summarized here in terms
of reverse effects. There is no evidence that planting forests will increase
ridnfall except in those special cases of physiography where fog or cloud
capture ofmoisture may result. In those special civeamstances, establish-
mentof forest may vesult in additional effective precipition, which under
many geologic and soil sitaations will appear as increased groundwater
and baseflow. While this does not influence local or regional rainfall, it
may therefore improve well levels and springs and increase stream vields,
including low-scason flows. In most experiments, however, reforestation
of open Land has resulted in loveer water tables, less reliable springs, and
reduced sireamflow, especially in the div season (Banks and Kromhout
1963, and others cited in Chapter 12). An example of the policy dilemma
has occurred recently in Fiji, where contrary to conventional wisdom and
expectations of a decade ago, the large reforestation program of the Fiji
Pine Commission is resulting in decreased streamflows (Drysdale 1981,
Pers. Comm.). And finally, while storm{lows may be somewhat reduced,
most experiments have shown rather small effects (Hewlett 1982). Cer-
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tainly for major floods on the lower reaches of rivers, it is doubtful if there
is much impact of even rather large-scale forest planting programs, unless a
major portion of the catchment was in a degraded, severely gullied, soil
compacted state, where almost all precipitation was quickly channeled to
the streams and rivers, out where sediment derived from upland erosion
was a major contributor to flooding. In such cases (and there are many
Fandscapes in the hilly tropics that have been so abused they would seem to
qualify), the establishment of forests might indeed slow and reduce surface
runoft to the point where there would be some flood reduction effect,
thouigh not elimination of floods. It would certainly reduce erosion rates
and resulting contribution to river sediments.

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 o be
defined or avoided in favor of more precise words or phrases. The conse-
quences may be seen in fruaitless disagreement between interest groups,
propaganda instead of education, bad policymaking because of shaky sci-
entific bases, or even good policymaking for the wrong reasons —an action
that may backfire. Perhaps foresters have been guilty of aquiescing by si-
lence to the use of some misinterpretations and misunderstandings, be-
cause the arguments or rhetoric being used were aimed at protecting for-
est reseurces or at establishing new forests—surely actions worthy of
nations and statesmen. Buy, if we close the watershed forests to human use
and reservoirs still silt up, and when we have totally reclothed the basin in
planted forestand we still have floods, and if on top of that the streams still
dryupordry upeven more. .. then there may be a well-deserved backlash
and the eredibility 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 developing countries.
Let us not condone the use of unsupportable or questionable hydrologic
and erosional relationships in this important policy scenario.
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Appendix B
A Summary of Some Results from the
Coweeta Hydrologic Laboratory*

The Effects of Tree Cutting and Timber Harvesting
on Timing and Distribution of Water Yield

The Coweeta Basin is located in western North Carolina in the Blue
Ridge Provinee of the Appalachian Highlands Physiographic Division; the
basinis 1,625 hain size, slopes at 18 percent to the cast and varies from 685
to 1,592 m in clevation. Ridges are sharp-crested, vallevs vary {from V-
shaped for subdrainages to broad U-shaped for the major valleys, and the
drainage pattern is dendritic. Streain density is high, aronnd 6 km/km?

The climate is classified as humid mesothermal with temperatures aver-
aging 3.6°C in Tanuary and 21.6°C in July. Rainfallin the Coweeta vicinity
is the highestin the castern United States. Tt varies with elevation (slight
orographic effect) from 1,768 mm at low elevations to 2,300 mm at high
clevations and averages 2,058 mm annuaily.

Rainfall is distributed fairly evenly throughout the year, with March the
highestrainfallionth (210 mm) and October the lowest (160 mm). Storms
average 133 events per vear.

Under the warm, humid climate, rocks have weathered into a deep, per-
meable regolith. The deepest layers are generally found on ridges and in
vallevs: soil on side slopes is variable in depth ranging from rock outerops
ts deep, porous material over 25 m deep.

Because ol the mild, humid climate, vegetation at Coweeta is diverse,
The torest is multistoried and composed of four forest types—northern
hardwoods, cove hardwoods, oak-hickory, and pine-hardwoods. The
dense understory is composed of tree saplings and usually an abundance
of shrub species. Ground cover is also diverse,

At Coweeta, water yield is distributed scasonally with the monthly high
normally in Marvch. It declines progressively until October, when recharge
begins. Cutting vegetation changes this distribution by increasing {low lev-
cls throughout the summer, fall, and winter. This was best demonstrated
by Watershed 17, which was clearcut annually for seven years. The

* Contribution 1o Watershed Forest Influence Workshop, 1981, by Dr. James E. Douglass,
Project Leader, Coweera Hydrologic Laboratory, US. Forest Service, Otto, North Carolina,
US AL
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monthly increase instreamflow was near zero in May, increased to a maxi-
mumof 39 mmin December and declined therealter to near zero in March
(Douglass and Swank 1975). Because of reduced evapotranspiration and
higher soil moisture levels on the cut watershed, a difference in soil water
storage exists. The potential increase in streamflow during any month is
proportional to the storage difterence, Rainfall converts the potential into
arcal difterence in streimflow. The size of the increase during any month
is thus dependent on both the accumulated soil moisture storage differ-
ence and current rainfall. At least 100 non/month is required to produce
an increase. Conversely, 300 mm or more of rain during one month after a
dry summer can inerease flow froma clearcut watershed by 50 to 70 mm.

Because of the deep soils i Coweeta, increases in streamflow from hag-
vest ol timber come during the season when flow is least and demand for
witer is greatest. The increases ire delaved into the Later winter, in sharp
contrast to arcas where soils are shallower. Elsewhere in the Appalachians,
all evaporranspivation savings are usually recouped much carlier, nor-
mallyv by November, because shallow soils are recharged sooner. After
maximum recharge, no difference in vield will oceur.

A thorough examinat’on of the effect of timber harvest on timing of
vield has not been madc for all experiments at Goweeta. 'Two conditions
have been studied: the cutting of forest vegetation without road construc-
tion o logging, and harvesting of timber with the usual logging and road
activities, In the former case, the physical properties of the hydrologic
system are not changed: the rate of water movement through the system s
simply aceelerated,

Consider first the hydrograph of the undisturbed watershed that serves
as a basis for measuring the response or change produced by manage-
ment. Hibbert and Cunningham (1966) used computers to separate
streamllow into stormflow and baseflow components, cither of which
might be changed by treatment. The advantages of using this method are
consistency of separation and freedom from human bias. Hewlett and
Hibbert (1967) used this technique to study stormflow factors affecting
the response ol small watersheds 1o rainfall. Storm flow response (mean
percent of precipitation appearing as stormflow) was highly variable for
forested watersheds in the castern US, ranging from 2 to 34 percent, At
Coweeta, the watershed response was 410 15 percent depending on soil
depth, slope, and number and size of storms. Hewlett's (1967) detailed
mapping of stormf{low indicates an even larger response from shallow soils
at higl.er elevations at Coweeta—up 1o 20 percent. Eighty-six percent of
the variation in stormflow volume from one 7.7 km? Coweeta watershed
wasaccounted for by precipitation (P), antecedent flow (1), scason (S), and
duration of the storm runoft (D) (Hewlett et al. 1977h). Surprisingly, add-
ing rainfall intensity to the equation did not increase the pereent variation
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in stormflow accounted for. Precipitation intensity was slightly more im-
portant when accounting for variations in peakflow; P, 1, S, and D ac-
counted for 72 percent and intensity variables accounted for another 4.7
pereent of the vartation in peak discharge.

Hewlett et al, (1977a) developed a model for predicting stormflow vol-
umes and peaks from 11 forested watersheds from New Hampshire to
South Carolina. Only the response factor (stormflow volume/ precipita-
tion volume) for the watershed, precipitation (P), flow rate at the begin-
ning ot the storm (1), and scason (S) were significant factors determining
stormflow. The addition of a precipitation intensity variable or precipita-
tion-itrea teraction did not improve predistion. In these analyses, flow
wits expressed in (13/sec/mi*; consequently, drainage area was not signifi-
cant in determining runoft peaks or volumes.

Flood recnrrence data on forested watersheds in the mountainous re-
gion of North Carolinais often needed ior planning purposes (Douglass
1971). Peak discharge was estimated tor 2=, 5-, 10-, 20-, 30-, 10-, and 50-
vear recurrence intervals from watershed area and maximum elevation
(0 >0.98). The elevation vartable is highly significant and is thought o inte-
grate the tendency for precipitation and land slope to increase and soil
depth to decrease with elevation. For cach 150 m increase in elevation,
peak discharge for a given recurrence interval increases by 1.3 1o 1.6.
These equations are arca specific and cannot be extrapolated to other ar-
cas. Helvey (1981), for example, observed significandy higher peak flows
ata given elevation from forested watersheds in West Virginia, as might be
expected for those shallower soils,

Thus, storm hvdrographs of undisturbed watersheds have provided
clues to the sources of runofl from forested land and a benchmark for
measuring hvdrograph changes caused by management. As will be shown,
although the control watershed approach has been used in most analyses,
the response tactor of the watershed (percent ol rainfall which appears as
stormflow) is important in determining the size of the changes in storm
hydrograph parameters: rainfall intensity appears less important.

Clearcutting a high-clevaton, mature hardwood forest at Coweena (Wa-
tershed 37) without removing forest products increased stormflow vol-
ume an average of 11 percent (058 am at aomean flow of 5.33 cm). The
increase varied from 0 for small storms to 22 pereent for a regional record
flood (Hewlettand Helvev 1970). Thesce increases were produced without
overland flow being a factor. The increase in stormflow for winter-spring
storms was about half that produced by stmmer-fall storms (Helvey and
Douglass 1971). Watersheds 13 and 17 were also clearcut without removal
of forest products, Summer-fall storms also produced the greatest in-
crease in stormflow on Watershed 13, almost 50 percent of stormflow of
the controtwatershed. On Watershed 17, the stormflow increase averaged
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about 20 percent of the flow from its control. The tendency was for the
stormllow increases to be greatest on lower-clevation, least-responsive wa-
tersheds both inabsolute amounts and as a pereentage. Increases of up o
A0 mm of stormflow from low-clevation, low-response watersheds were
produced by clearcutting compared to increases up to 25 mm from high-
clevition, high-response watersheds. Thus, the inerease in stormflow ap-
pears to be negatively correlated with the stoimflow response of the wa-
tershed before cutting: that is, the greater the average stormflow before
cutting, the smaller will be the increase in stormflow after cutting, The
reasons are unclear, bat when data from five cutting experiments at Cow-
ceti were adjusted for differences in vesponse of control watersheds to
storm size and antecedent storage cenditions, the response to cutting the
forest was similir for all watersheds. Fhere was, however, i seasonal effect
with the maximum stormflow increases of - mm from summer-fall storms
compared o about 20 mm for winter-spring storms. The difference ap-
pears to he due to ramtall intensit, differences between seasons, When
stormsize, antecedent storage conditions, and the product of the 60-min-
ute precipitation intensity times watershed area were considered, the in-
crease in stormflow volume could be estimated accurately (multiple v of
0.81, standuard crror of estimité 3.8 mm of stormflow) (Helvey and
Douglass 1071).

When products are harvested over a road or skid trail network, the tim-
mg ol flow will change even imore. When 66 percent of the basal area of
timber was carefully harvested by bulldozers over a properly designed and
constructed road svstem on Watershed 28 (Hewlett and Douglass 1968),
stormblow during the fivst four years of harvestand regrowth inereased 17
pereent (Douglass and Swank 1976) compared 1o an 11 pereent increase
for clearcutting without harvest ona nearby watershed (Hewlett and 1el-
vey 1970). During the next five vears, the inerease in stormflow averaged
1) pereentand no increase was obvious nine vears after harvest. The in-
ference is that havvesting timber over very carefully constructed roads will
increase stormflow more than simply felling trees and leaving them in
place. Extrapolating this inference, we can conclude that poorly con-
structed roads and sloppy harvesting techniques would further aggravate
the situation: the effect would be larger, but its magnitude is uncertain.

Cutting timber without removing forest products increases peak dis-
charge 22 10 38 percent on low-response watersheds over the peakflow of
the control watersheds (Helvey and Douglass 1971) compared to only 7 per-
cent for high-response watersheds (Hewlett and Helvey 1970). At higher
clevations, the increase in peak was better correlated with maximum 60-
minutes intensity than with peak flow on the control watershed. In the ex-
periment in which 66 percent of the basal area was cut and carefully har-
vested over a good road system (Watershed 28), peak discharge increased 33
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pereent during harvest (fourlold to fivefold greater than on a nearby clear-
cut watershed without harvest). 'This increase in peaks declined logarithmi-
cally with regrowin of segetation, becoming nonsignificant or nearly so
when the streamtlow increase declined to zero. As in the case of stormflow
volume, we van infer that the effect would have been even lavger for lower
quality loggring an roads. How much larger is uncertain,

Storm duration in hours increased alter clearcutting tmber without
harvest. The increase in storm duration tended 10 be inversely related to
stormilow response factors; the largest inerease in storm duration oc-
curred on the low-response watersheds and the smallest increase on the
high-response watersheds (Helvey and Douglass 1971). Hewlewt and Hel-
vev (1970) failed 1o detect a change in time 1o peak, recession time, or
storm duration after clearcutting the highest stormflow vesponse water-
shed at Coweeta (Watershed 37).

Changes inthe flow rate at the beginning of the storm (initial flow rate)
are indicative of changes in baseflow. In every experiment where annual
fiow increased, there was a tendeney for the inidal flow rate to increase,
Conversely treatments that reduced total flow, as in the conversion to pine,
also reduced the inital flow rate. The effect is always greatest for summen-
fall stormes,

To summarize, the eftects of catting and harvesting timber on the storm
hvdrograph are camulative. Stormtlow volume, peak flow, and storm du-
ration are all generallv increased by cutting timber, and the size of the
increase is negatively corvelated with the response factor for the water-
shed. Carcefullv constructed roads and good harvest techniques produce
Larger increases in these hvdrograph parameters than cutting vegetation
Mone. The effect is greatest during the harvest and declines logarithmi-

cailv with time as vegetation vegrows, Theoretically, all parameters except
pe ak disc harge will return to preharvest levels as water use by regrowing
vegetation reaches a maximum. Peaks may be an exception il the road sys-
tem produces i permanent increase in the rate of surface runoff delivered
to the streams,
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Appendix C
Guidelines for Reducing Negative
Impacts of Logging*

A variety of environmental impacts can occur from timber harvest (log-
ging). such as changes in the total volume or peak rate of streamflow,
changes in nutrient outflows from the site, impacts 1o wildlife, and changes
in scenic values. However, the primary concern with timber harvest opera-
tions is often directed at the on-site damages caused by accelerated erosion
and the possibility of associated d - wnstream damages caused by sedimenta-
tion. T'he emphasis in this Appenaix is on minimizing the evosion and sedi-
mentation consequences of timber harvest and on protecting the streams
through the use of bufter zones. Much of the material presented here is
abstracted from articles by Gilmour (1977), Rice (1977), and Megahan
(1977) in the FAO publication, *Guidelines for Watershed Management”
(FAO F977). Guides for spacing erosion control structures are based on the
work of Kidd (1963). Other material exists as well and should be used as
applicable, especially when it has been derived from local experience,

BASIC SOIL PROBLEMS

Alist of dos and don'ts for timber harvest is based on experience in lim-
ited areas and may or may not he applicable at a specific site. However,
some basic statements can be presented that have general application.

Swrface erosion—1is the most common (but not necessarily the most dam-
aging) formof accelerated erosion and is manifested by sheet wash, rilling,
and gullving. Three factors govern the amount of surface erosion: erosion
forces, soil protection, and inherent erosion hazares. By increasing the po-
tential for overland flow, reducing the total amount and continuity of pro-
tective cover on the soil, and disturbing soil organic layers thus exposing
more erodible mineral soils, logging can accelerate surface erosion. Sur-
face erosion rates tend 1o be highest immediately after disturbance and
decrease over time in response to increased soil revegetation and season-

“Materiad prepared by Dro Wadter . Megaban (Fellow, East-West Environment and Policy
Institute and Principal Rescareh Hydiologist, TS Forest Service) and James Schweithelm,
Rescarch Entern, Fast-West Envitonment and Policy Instituee,
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ing of the soil surface. Thus, itis eritical that measures designed to control
surface crosion be applied as soon as possible alter disturbanee,

Masy erosion — The concern with mass erosion here will be limited to the
shallow, relatively vapid-moving group of landstides known as debris avie
lanches and 1orrents. This type of slide occurs on steep slopes usually
greater than 30 degrees and involves the upper soil mantle above a water-
inpeding zone in the soil or the underlving bedrock. Much ol'slope stabil-
iy in forested arcasis imparted by tree roots, Afier logging, the dead roots
gradually decav and iose their strength, Vegetation regrowth s relatively
slow so that root strength reaches o minimu n usually within the four to
cight vearsafter catting, Fhe areais most vulnerable o failure an this time,
usuallvlong afrer surface erosion problems have healed.

Sediment delivery and stream protection — Exvosion can cause damages either
on-site primarily hecause of losses in forest productivity, or oll-site be-
cause ol sedimentation impacts. Nornsally, off-site damages can be mini-
mized by establishing bufler strips to cately sediment below the zone of
disturbance or initiating special practices 1o hold eroded material on site
such as slash windrows within the zone of disturhance, Bufter strips adja-
centtostrcam dhannels provide benetis in addition to filtering sediments
and natrients, These include mmimizing temperature changes, maintain-
ing food supplies for the aquatic ccosvstem, and maintaining a long-time
source ol forest debris for stabilizing channels.

COMMERCIAL LOGGING OPERATIONS

A commercial logging operation is usually designed by a forester who
must consider what twpe of silvicultural swtem 1o use; the need for, and
methods ofoslash disposaland it preparation; and the type of logging method
to use—all within the framework of minimizing costs and environmental
nnpacts, Since slash disposal and site preparation are not used commonly
i the tropics, they will not be treated in this Appendix. In those cases
where these practices will be used, such as in converting naiive lorest to
forest plantation or in harvesting plantaions with a view 10 replanting,
Gilmour (1977) has presented usetul guidelines,

The silvicultural system refers 1o the selection of trees to cut and in-
cludes removal of all trees (eleareutting) or only some of the trees (partial
cutting svstems such as seed tree, shelierwood, or selection cutting). Usu-
ally, stand segeneration is the primary 1eason for selecting asilvicultural
system. However, economic considerations and environmental impactsalso
may beconcern,

Thelogging method isthe timber harvest operation that includes felling
the trees and catting them into logs and transporting the logs from the
stumpto atemporary storage area (log landings) located ata nearby road,
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railroad, or water body for transportation to the mill. This latter operation,
called yarding, is done in a variety of ways, including carrying or dragging
by animals such as elephants, or with different types of machinery such as
wheeled or crawler tractors. Many times, long cables powered by winches
located at the log landing are used to remove the logs. Logs may be simply
dragged across the ground (ground cable systems) or the cables may be
suspended in the air so that logs ave carried partially or totally above the
ground for part or all of the distance (skyline systems). Airships, including
farge balloons or, more commonly, helicopters (acrial systems) are also
used for log varding in some locations.

SELECTION OF ASILVICULTURAL SYSTEM

For a given watershed, the two factors differentiating silvicultural prac-
tices are the relative volume of timber removed and the size of openings
created in the timber stand. Ranging from large to small, opening sizes
tend 1o arrav as follows: clearcutting, seed tree, shelterwood cutting, group
selection, and individual tree selection. The total volume of timber re-
moved depends on the amount of watershed arca affected. For example, a
greater vohume of timber might be removed by an individual selection cut
over an entire watershed compared with a clearcut on only 20 percent of
the area. However, the impact of the clearcut on surface erosion might be
greater because of more complete and severe soil disturbance on the area
alfected. Other things being equal, the hydrologic impacts of partial cui-
ting are less than for clearcutting for a given volume of timber removal.
However, other things may not be equal. For example, more roads may be
needing for the partial cutting svstemns.

Some guides for selection of silvicultaral systems for minimizing erosion
include:

I. Use partial cutting systems, preferably with as small an opening size
as possible, in arcas of high landslide hazard. Do not cut in known
water accumulation areas, especially topograpnic depressions.

2, Helearcutting in high landslide hazard areas is required for regener-
ation purposes, leave undisturbed arcas in known water accumula-
tion arcas, especially in topographic depressions. Middle and lower
slope locations also sheuld be avoided if possible.

3. Avoid clearcutting above roads in areas of high landslide hazard.

4. Leave bulfer strips below clearcuts,

5. Avoid clearcutting a large proportion of individual watersheds when-
ever possible.

6. Maintain the size of clearcut units as small as possible.
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SELECTION OF AHARVEST SYSTEM

Roads are required for almost all logging opevations and are an impor-
tant factor influencing the overall erosion impact. Erosion rates per unit
area of disturbance have repeatedly been shown to be much greater on
roads than on adjacent logged areas, often differing by one or two orders
of magnitude (Megahan 1981). However, the total amount of erosion from
roads compared with that caused by logging depends on the relative ero-
ston rates for the two types of disturbances and the amount of area in-
volved in cach. For example, McCashion and Rice (1983) reported on a
study comparing total erosion from a 12,271 ha area in California, Even
thongh road evosion ratez averaged 17 times greater than erosion rates on
logged arcas, the area alfected by roads was much less, so ouly about 40
percent of the total erosion for the area was attributed to roads: the rest
was cansed by logaing. Road erosion control practices are specific and de-
tatled and will be fonnd in Megahan (1977).

Total road construction varies with the tvpe of harvest svstem. Megahan
(198 1) summarized the results of 16 studies in the United States and Can-
ada, reporting on the amount of soil disturbance caused by alternative log-
ging svstems as an index of erosion potential (A ppendix Figure C-1). The
total disturbance averages greatest for tractor logging followed by ground
cable. The amount of roads required for the tractor and cable systems is
about 13 and 11 percent, respectively: the amount of distarbance caused
by the logging equipment is the primary cause for the differences in total
disturbance from the two logging svstems, Many times, tractors cause se-
vere soil mixing and soil compaction that may aggravate surface erosion in
excess of cable logging systems. Rice and Datzman (1980) found that ero-
sion per unit area of disturbance for tractor loggring was 3.7 times greater
than erosion perunitarea of cable logging in northern California, Consid-
ering the difference in area disturbed by yarding for the two logging sys-
tems, the average tractor logging operation causes about 6 times more ero-
sion than the average cable logging operation, assuming that the 3.7 factor
is applicable to average conditions, Actually, the difference is even greater
heciuse of the Lairger average percentage of roads required for tractor log-
ging (13 percent ) compared to cable logging (11 pereent),

No data were presented to evaluate animal yarding systems, However,
road requirements are probably similar to that required for tractor log-
ging. In contrast, the amount and severity of logging disturbance is un-
doubtedly less than that for tractor logging because of reduced skid trail
width, depth of disturbance, and compaction,

Total soil disturbance from skyline logging is less than half (hat for
ground cable logging. ‘The largest part of the reduction is due 1o the more
limited road system required for skyline logging—only 2 percent of the
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area as compared with 10 percent for ground cable systems. Considering
the higher unit area erosion rates on roads, the erosional advantage of
selecting skyline over ground cable systems is apparent. Aerial logging op-
crations are even more advantageous because the amount of disturbance
by both logging and roads is about half that for skyline systems.

METHODS OF YARDING LOGS

Plan thoroughly and then yard the logs carefully in order to prevent soil
disturbances and other water pollution hazards along skid trails, on land-
ings, and over the watershed in general. Guidelines for yarding logs for
minimal inpact include:

I. Whenever possible, vard logs uphill rather than down (Appendix
Figure C-2). Uphill varding has been found to reduce erosion both in
tractor havvesting and ground cable harvesting operations. In uphill
varding, log decks are placed on vidge or hill tops rather than in low-
Iving awreas. This produces a skid trail pattern that disperses vather
than concentrates surface runoff,

Correlate all skid trail locations with cutting arcas, topography, soil

types, and climatic factors. Locate trails carefully and drain them ade-

quately so that muddy waters will be kept out of stream channels.

Keep all skid trails out of stream channels and off stream banks, Use

temporary log or metal culverts wherever such trails must cross

stream channels, and keep the number of such crossings as few as
possibie. Use cach skid trail only a small number of times in order to
avold soil gouging and compacting and the channelizing of runoff

3. Avoid tractor yarding on all satnrated arcas and on all slopes steeper
than 30 percent. On critical soils, limit crawler-tractor yarding to
slopes of less than 25 pereent,

4. Suspend tractor logging during vainy days and for a day or so theveaf-
ter. Store logs ahead of the toading operation to allow for yarding
shutdowns on bad days.

5. Locate log Tanding areas on firm, dry ground away from live stream
chaunmels wherever possible. Design landings so they will drain into
well-vegetated buller arcas.

6. Wherever possible, yard logs by lifting them free of the ground.
Where this cannot be done, yard them uphill by high-lead cable or by
fixed ov swinging skyline. Protect all stream banks and channels by
bridging or at least by lifting the logs over streams rather than drag-
ging them through the streams. Avoid disturbing steep slopes and
shallow soil areas immediately adjacent to stream channels. Avoid un-
due disturbances of accamulations of decaying vegetation that can
wash into and befoul the streams during rainstorms,

N~
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Figure C-2. Hypothetical skid trail pattern for uphill and downhill logging

flows on to progressively less-disturbed arcas as it moves downslope, reducing erosion hazard. Downbhill logging, on the
other hand, concentrates surface runoff on the lower slopes along main snig tracks, causing a considerable crosion and

sedimentation hazard.
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7. Minimize logging road construction on very steep slopes or fragile
areas by using skyline or balloon yarding svstems.

8. Consider the use of heheopters, balloons, or modified cable systems
for logging areas that would have high conventional yarding costs or
lor fragile, sensitive arcas.

9. Take all possible care to avoid dimage 1o the soils of forested slopes,
and to the soil and water of natural meadows as well, Minimize this
damage by operating the logging cquipment only when soil moisture
conditions are such that excessive damage will not result,

BUFFER STRIPS

Soil erosion on, and logging debris from, roads, lindings, skidways, and
slopes disturbed by varding activities during a logging operation can seri-
ously damage streams. Much of this damage can be prevented by keeping
roads and logging activity as far from the strean courses as possible,
Therefore, leave butler strips of native vegetation, including an overhead
canopy, between roads or logged arcas, and any perennial streams they
parallel. Buffer strips not only reduce the quantity of sediment and log-
ging wastes that reach the streams, but also help maintain the integrity of
the aquatic ccosystem as well. Guidelines for maintaining buffer strips
include:

I. Leave all trees, shrubs, grasses, rocks, and nataral “down” timber
wherever they alford shade over a perennial stremm or maintain the
mtegrity of the soil near such a stream,

2. Leave the buffer strip undisturbed. 1 trees must be removed, care-
fully and selectively log the timber from the bufter strip in such away
that shading and filtering effects ave not destroyed. Protect buffer
strips by leaving stumps high enough (o prevent any subsequently
felled, up-slope trees from sliding or rolling through the strips and
into the streams,

3. Although neither an optimum nor a mininunm width can be set arbi-

trarily for buffer strips, it is recommended that a minimum width of

25 meters on cach side of the stream be used as a guide for establish-

ing huffer strips. At the same time it must be realized that the neces-

sury width will vary with steepness of the terrain, the nature of the
undercover, the kind of soil, and the amount of timber to be removed.

For effective filtering of sediment, establish buffer strips that are wide

enongh to entrap the material that will be eroded from the road or

the logged area above. Under some conditions and with careful con-
trol in adjacent logging areas, a relatively narrow strip may suffice.

On the other hand, where road building or logging allows land slips

:
—_—
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to occur, the buffer strip may have to be much wider and other pre-
cautions may have to be taken to celiminate adverse effects on the
stream water quality.

5. For a modified buffer strip plan, remove only dead, dying, inature,
and high-risk trees from the arca. Trees should be felled away from
the stream whenever possible. Debris within the channel or probable
flood 7zone should be removed carefully.

6. Where old growth timber must be removed because it is subject to
windthrow and where itis difficult to leave full-width buffer strips of
timber to shade the stream, plan to re-establish cover along the stream
after cutting is completed. Fast-growing species will be required to
restore shade as quickly as possible. In the meintime, leaving the un-
derstory vegetation as undisturbed as possible will fidter the runoff
and stabilize the soil.

. Manv relatively small tributary streams Hlow only during the wet sea-
son of the year; however, they often produce substantial flows which
carry heavy sediment loads during imtense or prolonged periods of
rain. Along the channels of intermittent tributaries, preserve ade-
quate widths of undergrowth vegetation as filter strips to prevent
washing of sediment intoa perennial stream below.

~J

WATERSHED RESTORATION

Many times, site damages occur inspite of all good intentions to avoid
them. Other times, damages are anticipated with the idea that restoration
measures will be taken to mitigate them. Areas of concern include the gen-
cral area logged, skid trails, landings, and fire lines.

LOGGED AREAS

Clearcut logging and yarding operations and the handling and disposal
of logging slash disturh drastically the Tand surface of steep mountain
slopes. Guidelines for mitigating this disturbance include:

1. Control the erosion at its source on such disturbed arcas by hastening
their reforestation.
2. Sced or plant adapted species and, where necessary, use terracing,
composting, mulching, and fertitizing.
SKID TRAILS

Guidelines for mitigating skid wrail impacts include:

I. Restore stream channels by removing temporary skid-trail crossings.
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2. Obliterate and stabilize all skid trails afier logging the watershed by
mulching and resceding,

3. 1l necessary, build cross drains on abandoned skid roads to protect
streaun channels orside slopes in addition 1o mulching and reseeding,
Be sure spacing is close enough for the slope gradient and type of soil
involved. Lacking local guidelines, a spacing based on the following
relationship is recommended: Spacing = 87 - 1.8S +0.01058? where §
is slope gradient in percent,

LANDINGS
For landings, guidelines include:

I. Locate log loading or log landing arcas along ridge tops, on other
arcas having gentle slopes, or along widened road areas.

2. Place landings in the channels of intermittent streams only in those
cmergency sittations where no safe alternative location can be foundd,
Adequately drain any Linding that must be placed in such channels.
Immediately atter completing all log loadings from these landings,
clear the channel o its full capacity, spread the fill material in arcas
where it will remain stable, and reseed those arcas to herbaceous
vegetation,

3. Upon abandonment, “erosion-proof™ all fandings by adequately
ditching or mulching them with forest litter, as needed. Lstablish a
herbaceous cover on those areas that will be used again in repeated
cutting cveles, and restock 1o conilerous species those landings, lo-
cated in elear-cut areas, that will not be reused for a long time,

FIRELINES
Guidelines for firelines include:

I. Limit tractor-built firelines to arcas where they will not involve prob-
lems of soil instability.

2. Adequately “cross-ditch™ all firelines at time of construction and re-
vegetate them with adapted grasses and leguines using the same spac-
ing as on skid roads

PUTTING THE GUIDELINES INTO PRACTICE

Froma practical point of view, individual areas should be assessed when
they ave first considered for logging, so that conditions can be inserted into
timber sale agreements ainned at keeping erosion and streamn sedimenta-
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tion to a minimum. The conditions will depend on local environmental
factors such as vegetation, geology, soil, topography and rainfall regime.
Water end use also needs to be considered. For example, more stringent
conditions will need to be appiied in domestic water supply catchments
than in arcas where the water has no significant downstream use.

This assessmeni of individual arveas is essential because of the widely
varying conditions even within relatively small arcas. For example, a log-
ging practice that is acceptable in one area may be quite unacceptable in
another adjacent arcicbecause ol achange in the soil parent material from
astable sediment to a highly dispersive granite.

The assessment of arcas before logging and the determination of special
conditions to be applied to those arcas means a substantial element of pre-
planning for the entire logging operation. The type of logging (uphill or
downhill); the location of roads, skid trails, and log landings; the location
and tvpe of stream crossings; and the type of machinery to be used should
all be decided before the operation begins, T'his involves a vather radical
change from routine practice in many areas, where “logger's choice” is the
rule rather than the exception, Flowever, itis a necessary change to keep the
cnvironmental impacts of Togging to a mininnum. This can be accomplished
by developing a logging plan. Timber sale contracts should stipulate that a
logging plan be prepared before the harvvesting operation begins. The plan
mav be prepared by the operator, by government foresters, or jointly. The
plan should be analvzed carefully by someone competent to judge the tech-
nical aspects of the planand its environmental impacts. 'The operator should
not be permitted to enter the harvest areauntil the plan has been approved.
The sale contract should make provision for frequent inspections of the log-
ging operation and empower the watershed manager 1o halt logging for
noncomplianee with the plim or other contract stipulations,

Anadequate tree-harvvesting plan inchides maps, sketches, or pictures off
the arcacto be harvested. Tt gives specifications for the building, use, and
maintenance of i well-designed transportation system. It specifies the
manner in which the trees are to be cut and the way the logs will be deliv-
cred o the transportation system from the watershed pointwhere they are
felled. Tt identifies the areas along perennial and major intermiuent
streams that should be left as buffer or filter strips. It specifies the mea-
sures that shonld be taken to leave the logged areain a repaired condition
to prevent nidue ervosion during the period of regrowth.

In spite of the need o lay down detailed conditions for cach sale area, it
is desirable to maintain a certain degree of flexibility so that on-the-spot
dectsions can be made to take account of particular circumstances; e.g., it
may be decided that a tree just within a buffer swrip can be cut without
causing any dimmage to soil or water values while another tree some dis-
tance outside @ buffer stvip should be left uncnt (possibly because it was
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leaning toward the stream on a steep slope). Such flexibility throws the
onus on individuals who must take responsibility for their decisions: they
can't hide behind the regulations. This means, of course, that field opera-
tors must be skilled and well trained. Persons responsible for administer-
g the timber sale need to keep in mind that proper execution of the sale
requires close coordimtion with the timber operator. In order to accom-
plish this, it is necessary to appreciate the capabilities of the logger and the
cquipment and the technical and cconomic constraints under which the
logger must operate,

Ieis generally casier to include “conditions™ (“conditions™ referring to
restrictions, guidelines, specifications, eie) in timber sale agreements than
to get them applied. Field operators (hoth public forestry and private)
tend to be conservative and resist change. 1t is reasonably casy to convinee
both the forestry profession and timber industry leaders of the need for
change. This awareness has then o be passed onto the people in the field
who are actually doing the job—forest rangers and overseers, timber cut-
ters, and haalews. This is probably the most difficult part and it requires
great patience and perseverance by the supervisors. If the supervisors do
their jobs well and convinee the field operators of the benefits of the
changed conditions, the time will come when tield personnel w'l be con-
scious of water and soil values as well as timber values and will automati-
cally *do the right thing.”
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