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LAND USE IN THE AMAZON:
SOIL EROSION, SEDIMENTATION, AND THE SAMUEL DAM

Doug Graham recened a M. A, in Geography in Decarmber of 1386, This paper iz a surmmary of s thesis ontithed ™ The Samusl Darn: Land
Lise, Sed Erosion, and Sedimentation in Amazonia.” Graham conducted field research in Brazil during the Summer of 1985, with funding
frevn the Tinker Foundstion and the Amazon Research and Training Progrém. His immediate plans are fo continue his fraining in Geography

at the Linversity of Wisconsin—Madzon,

Introduction

This paper examines land usa and soll erogion in the Jamari
River basin, located in the Brazilian state of RondGnia (Figuré 1);
The JH'I'I-HI‘I‘LHi'H'H' drains a remote ansa currently undengoing rapid
colonization. In its watershed lies a sizeable portion of Brazil's
MWorthwest Integrated Dewelopment Program [Polonoroestel,
which every year attracts massive waves of migrant farmars in
search of land and employment. A consequence of this setth-
mant activity is an unprecedented, near exponential rate of
deforestation (Fearnside 1985a, 1885b). As an ever-increasing
arga of the Jamari basin is being exposed to the heavy rainfall of

the region, a corresponding increase in soll loss s likely to cccur.
The prospect of increased rates of soil erosion and sedimentation
becomas more critical when brought to bear on the usaful life of
the Samual Dam, presently under construction on the Jamari.

The objective of this study is to quantify the amount of sod loss
in the Jamari basin during the six-year period of colonization
betwean 1978 and 1283, In addition, the relationship betwaan
gross ercsion in the basin and the sadiment load of the river is
datermined, as well as the impact of land use on this relationship.
From this information, an assessment is then made of the impact
of land use on the ke of the Samuel Dam.
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Figure 1. The Jamarl River basin, its major sub-ragions, and Polonorosste colonizstion land,
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Procedura

Soil erosion astimates are obteined through the use of the
Universal Soil Loss Equation (LUSLE). Tha WSLE estimates gross
erosion by assigning @ nurmerical coefficient to those landscape
variabbes that influence soil koss, and is presented in the following
farm

A= RxKxLxS5SxCxP

whara A iz the total sod loss in metric tons per hectare; R is rain-
fall grosnvity; K is the soil erodibility factor—a coefficient which
reflects the Eability of a given soll type to erosion; L and 5 are
ratios comparing soil loss with that from a standard field of

specified langth [22.8 matars) and slopa (3 pear centl; C is the crop
management factor—a ratio that compares soil loss with that
from a bare field devold of vegetative protection: and P is the
conservation practica factor—a ratio which compares soil loss
with that from a fiedd with no soil conservation practices
(Wischmaier and Smith 1978).

The procedure for estimating sediment produciton i the
Jamarf basin involves a two-sided approach. From one end, the
USLE and its component factors are used to estimate gross ero-
sion on land. From the other, the fraction of this figure which
makeas its way 1o the Samuel Dam is derved by plotting the river's
discharge against sediment boad to form a rating curse (Figure 2).
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Figure 2. The two-sided approach to estimating sod loss using the USLE and a sediment rating curve.

The R factor in the USLE is directly proportional to a rainstorm
parameter termad the ercsion index (El], This indesx i the product
of the total energy of a rainfall event (El and the maxdmum 30
minute intensity (L] occuring during the event.

El = Exly

whare E iz in MJ/'ha, L is in mm/hr, and El is in MJ x mm/ha x
hr. (Wischmaier and Smith 1978].

The above equation requires hourly rainfall data. In the Jamar
basin, howewer, only daily rainfall data are availabla. For such
cases, Richardson et al. (1983} developed a method for
calculating El by treating daily rainfall (P} as an individual starm
aviant

El = af? + @

whare aPY is the deterministic component, & iz the stochagtic ran-
dom component (the difference batween the obsarved El for a
particular event and the El predicted using aP?), and a and b are
equation parameters. The El values, calculated from data at six

different meteorclogical stations, are waighted by area using
Thiessen polygons.

For tha K factor, information on structune, grain size, percent
sand, silt, and clay is obitained from =oil samples taken from
within the basin, The sail erodibiity nomograph of Wischmedar
and Smith (1978} is then used to derive K values by sail type.
These values are then weighed by the total area of sach soll type
in the basin.

The LS factor is obtained by first randomby generating 100 x,v
coordinates within the basin. At sach of these locations 4
measuremeants are taken of slope and one of slope length. The
maasurements of slope are carmied out by employing topographic
maps in conjunction with the following equation by Wentwaorth
118300,

shope (per cantl = (F x I} /636.5 x 100

whare F aguals the contour frequency (the number of contour
lines per kilometer), | equals the contour interval in meters, and



B36.8 is a constant. For slope length, each of the 100 coordinates
includes a measurement from the coordinate to the nearest in-
dicated peak edevation on the map. The values of aversge shope
and slope gradient are then entered into the LS formula of
Wischmeier and Smith (1378).

The C factor values for canopy cover ara also obtained from
Wischmeier and Smith [(1978). The base C value, that which
describes the majority of the basin's canopy cover under natural

conditions, 5 001 —that of a matere rainforest. Where this con-
dition has been atered in a given area and replaced with roads,
pastures, crops, or mining, the C factor is changed accordingly.

The change in area of each of these camopy conditions is
documented by satellite imagery. Three scenes from LANDSAT 4
in 1978 and three scenes in 1383 are used to bracket the 6 year
pericd under study [Figure 3). The increase in cheared area during
this peried is shown in TABLE 1.

Figure 3. LANDSAT M55 band § images ing deforested areas
[lighter-colored hatchmarks) in the Jamad basin and its sub-
regions in 1878 (lefi] and 1983 (rightl.
Scoke = fmparou ) 131,040,000




TABLE 1
DEFORESTATION FIGURES FOR THE JAMARI BASIN
BETWEEM 1878 AND 1583
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Since there are no 20d conservation practices being used by tha
fammears in the basin, tha P factor is given a valee of 1, thus nullifying
its effect on the USLE.

In order to estimate the percentage of the gross erosion in the

basin that & defeered to the Samuel Dam, the discherge of tha
Jamarl River is plotted against its sadiment load. The resultant point
distribution is described by an equation in the following form: aQ®,
whare O is the discharge. This “best fit™ regression line (the rating
curve) is then used 1o generate annual values of sediment delfvery.

Whare gaps exist in the daily sadiment record of the Jaman Rier,
a rating curva allows the estmation of sediment load based on the
magnitede of the rmer's discharge, The values of daily and annual
sediment employed in this analysis are derved from a rating curve
congtructed from paired observations of sadiment and discharge
provided by Batronorta, the Brazilian power company’s northem
subsidiary,

For the year 1983, sediment data are a5 yel unavalabla. Themefors
the values of sediment delivery for that year are generated with
dizscharge data from 1383, but with a and b parametens from the 1982
rating cune,

Results and Conclusions
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basin, annual gross eroson estimates are derived which, from 1978
o 1983, show a steady increase (TABLE 11). This is cormmensunata
with the decraass in forest cover during the same pariod.

TABLE Il
VALUES OF SEDIMENT PRODUCTION IN THE JAMAH(EASIH
BETWEEN 1978 AND 1983

Geosa Seclirmant
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1560 38,1483 4,656 A
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An independent measure of delivered sadiment, estimated from
the rating curve, also shows an increase, although less pronoune-
ad than that of gross erosion. This disparity may be dua to the
fact that the overall rating curve is based upon observations
through the pericd 1978-1982. Estimation of similar rating curves
based upon annual data |Figure 4) indicete that, for a given
discharge, values of sediment for the early years of the study are
ovigngstimated by the overall curve while those toward the end
tend to be underestimated, thus compressing the range of values
and disguiging the effects of land use change upon the sediment
ragime.
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Figure 4. Individual srnusl rating curves for the Jamar River, At the ax-
panse of losing seasonal information, breaking down the
awerall rating curve by year provides a temporal plciure of the
sadiment regime,

Even so, considerably more sediment appears to be ganarated
than iz observed leaving the basin. This is to be expected since
only a fraction of the gross erosion in a wal:urshe-d is delivared
downstream, The delivery ratio for the Jamari basin varles within
bounds frequently obsarved in besing of its size (USDA-SCS
1971). The annual fluctuation in these ratios is langely @ functan
of the basin's topography, which is relatively flat over most of its
area, thus allowing for numercus storage areas, During years of
particulary heavy rainfall, these stored reserves of sediment are
mat by runoff of sufficient energy to transport them to the river
systam.

Given the constraints of limited resources and available data in
the region, the present study represents the optimum scals at
which such an analysis can be carried out. Imdeed, the USLE,
when appliad on a broad scale, has the advantage of besng morne
gasily transferable from one region 1o another. In addition, for
those areas in Amazonia where land use is characterized by large
scale development projects (e.g., Carajas, Tucurui,
Polonoroestal, a concomitant large scale analysss i oftén mons
appropriate when a:mm'-'aing natural processes on a8 mose
systemic evel. Mareover, given the present rate and probabile
future course of deforestation in this region, it B imporant to
have an easily operationalized tool which giees reliable results
that can be acted upon before erosion damage becomes irme-
versible.

The obwvious trede-off to the genaral scala approach is that the
more detailed information is lost a5 it becomes lumped in ag-
gregate form. One loses the mare precise data, but total detail is
not the objective here. As stated earier, the objective of this
study is to quantify the soil loss in the Jamar basin and to deter-
minge itz impact on the useful life of the Samusl Dam. A morea
deep-saated objective is to determine whether or nat tha USLE i
an applicable and effective tool in such settings at the given scale.
The answer lies in the values of sediment delivery, derived 1otally
independently from the WSLE. As stated eadier, the ratios of the
e rheasurements, gross arosion and delivered sediment, are
commensurata with a basin of the Jamari's size. This indicates
that, under the abowe conditions, the USLE meets the
requirements of relability while being applied on a large scale.
Therefors the sedimeant figuras in this study ane quite valid provid-
ed they ramain in thair intended context: as a means of gaining
insight into natural processes at the drainage basin lavel.

Although the forest clearing in some areas of the Jamari basin
is taking place at an alarming rate, from the standpoint of sedi-



raent delvery, the impact of nd use on the useful life of the
Samuel Dam remains to be felt. Even though the increase in
cleared area from 1378 to 1283 is an incredibde 30,473 per cent
(TABLE Il, im tarms of area this increase amounts to only 10 per
cent of the basin. Thus, in 1983, 90 per cent of the basin was still
under forest cover. However, this rathe of cleared to forested amea
is ikaly to grow in coming years. For exampla, the complation in
1984 of paving operations on the BR-384 highway saw a marked
influx of migrants and an unprecedented amount of deforesta-
tign. Although this lies bewond the timea frame of the presant
analysis, it = reasonable to assume that in 1884 the increase in
cleared area would be commensurate with (if not greater than)
the rates found in this study.

The useful life of the Samuel Dam is projected to be 100 years
{Eletronorte 1978). However, tha various streamflow and sadi-
rment studies which form the basis for this projecton do not take
into account changes in watershed land wse and soil erosion.
Under present conditions this usalul life appears safe, but if the
ratio of cleared to forested land in the basin increases to the point
where the forested area can no longer buffer the sediment being
generated from the cleared area, an increase in sediment delivery
1o the dam will engue. When this change will take place, and at
what stage in the deforestation process, is still unknown,
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CLAS CONFEREMCE

The Center for Latin Amencan Studies announces its 36th an-
nual conference on “The Jewish Presence in Latin Amanca” to
be held from Februany 22-26, 1987, This vear's conference will be
a collaborative affort with UF's Center for Jewish Studies and tha
Latin Amercan Jewsh Studies Association (LAJSA),

The Center for Jewish Stwudies was established at the Univer-

- gity of Florida in 1973, It has grown considerably i scope and

prestige since its founding. The Latin American Jewish Studies
Aszociation was formed in 1982 on the occasion of the tenth na-
tional LASA meeting in Washington, D.C. The February event
will ba LAJSA’s Fourth Research Conference. it will continue the
organization’s tradition of alternating conferences between
Jewish and Latin American auspices,

The conference will feature & varety of acthivites, “Latin
Amarican Jewish Literatura” will be tha first day's subjact, focus-

Grinter Haldl, University of Flokda campus, Homa of the Center for Latin Amencan Studias.
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