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ABSTRACT

This study aimed surveying the amount of sedimiefdeg from the Agua Fria watershed (Palmas, Toicant
Brazil), from February-1998 to January-1999, angestigating the relations between the sediment yiel some
environmental and/or antropic factors. The Colbyisthod was the technique employed for this inwestig. The
specific sediment yield and sediment delivery ratgre also determined for this period. It was eatad that
138,619 tons of sediment were yielded and the fipseidiment yield for the study area was 827 t it while the
sediment delivery ratio was 6.2%. The suspended Vea@s the most dominating fraction in almost a# studied
period.
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INTRODUCTION ground water, and loss of river water quality
(Guiraud et al., 2004).
Rivers are landscape integrating components ankhe production and transportation of sediment in a
receive the whole load of transported materiaWatershed is influenced by a set of complex
from the drainage basin in which they are inserte@nvironmental factors that vary temporally and
(Silva et al., 2001). Then, it is possible to affirmspatially. One of these factors is the soil erosion,
that land cover and water resources quality arehich is caused mainly by rainfall and overland
unequivocally linked. The land use changes ofteflow. Land use practices such as logging and
implicate in the degradation of the water quality ofclearing, grazing, road construction, agriculture,
the superficial water bodies of the watershedand urbanization activities also affect sediment
Water quality is also related with the level ofproduction and sediment delivery from a
control of the pollution sources (Tucci, 1997;watershed (Nelson and Booth, 2002). However,
Marques et al., 2003). Careful planning and landew studies have been conducted on sediment
use polices that contemplate the protection ofransport in Brazil, because most of the
streams, rivers, and their respective riparian zonespnsequences are not immediate, and commonly
can be implemented in order to balance théhere is a disbelief and indifference in the people
economic development and the protection of théCarvalho, 1994).
natural environment. Developing actions that tak&ediment yield (SY) is the total mass of sediment
place without such considerations, however, caift suspension and bed load that reaches the exit of
lead to significant degradation of streams an@ drainage basinThe SY is related to many
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factors, according to the considered scale. INam Pua watershed (Thailand) to 13,300 £k
continental or worldwide scale, climate is thefor Cleddau watershed (New Zealand) have been
dominant control; slope and human activity are ofeported for watersheds ranging from 140 to 170
secondary importancéHaan et al., 1994)For km? (FAO, 2001). Enger and Smith (1995) reported
regional scale where climate is relatively uniformaverage sediment yield values of 612 t%yt for
other factors control variation in sediment yield: the Amazon region.
Lithology. SY is positively correlated with the rock The aim of this study was to investigate the
erodibility. 2. Topography. SY is negatively relationship between the hydrosedimentological
correlated with drainage area, but this is generalldynamic and water quality for the Agua Fria
because other variables, such as precipitation ameatershed (Palmas — Tocantins — Brazil).
relief, also vary with drainage basin area. Alée, t
sediment storage increase as drainage area increaJéwe Study Site
3. Vegetation and land useThe relationship
between SY and vegetation reflects the relatiohocalization and environmental characteristics
between SY and climate (for pristine areas). Lan@he study area, Agua Fria watershed, has an area
use can have very important effects on SY. In somef 167.6 kni and is fully inserted in the municipal
cases this variable can overwhelm other varialdes area of Palmas (Tocantins, Brazilian northern
a control of spatial variations in SY (Carvalho,region). The geographical coordinates are: U8
1994). and 48 23' west longitude and 103' and 1020
Sediment will normally have numerous south latitude (Silva, 1999). Fig. 1 shows the
opportunities to be deposited between the field angpatial localization of the study area in Brazilian
point of final deposition, reducing the sedimentterritory. The climate is tropical. The average
yield accordingly (Haan et al., 1994). A sedimentainnual temperature is 22 and average annual
delivery ratio (SDR) has been used to quantify theainfall depth is 1,300 mm (Nimer, 1979). Annual
amount of deposition that occurs in a watershedainfall erosivity is estimated as 5,954.67
One manner to estimating the SDR is through thMegaJoule mm hbh™ year, with a low variation
Equation 1. among the years (<15%) (Silva, 1999). Table 1
shows the monthly values of the rainfall depth and

SY monthly rainfall erosivity recorded for the study

SDR= & X100 [01] period, obtained from Silva and Schulz (2002).
The Agua Fria watershed is composed of three
Where: main streams: Brejo Comprido, Suguapara and
Agua Fria, and its drainage density is greater on
SDR — Sediment delivery ratio, in %; the higher elevations of the watershed. The general
SY — sediment yield, in t year (average) value for drainage density of the whole
GE — gross erosion, in t y&ar area is 0.708 km of river kfin The Agua Fria is a

third order stream and is a sub watershed of the
Gross erosion is composed of rill and interrillTocantins drainage basin. Silva (1999) reported
erosion, gully erosion, and stream erosion. Owalues of water flow (water going from Agua Frla
disturbed areas, sheet and rill erosion are thgiream to Tocantins river) from 0.16° ns
principal components of gross erosion (Haan et al(fecorded in  October-1998) to 12.61° ns*
1994). The SDR is negatively correlated with(recorded in March-1998), as shown in Table 1.
drainage basin area due tb: Natural factors: The author also estimated that 33% of the water
storage of sediment in the drainage basin increaspgecipitated on the watershed was lost by surface
with area because relief declines downstream argnoff.
hillslopes develop wider concave foot-slopes andhe altitude in the watershed ranges from 190 m to
broader floodplains2. Human factors:dams on 710 m above the sea level and the predominant
rivers trap sediment of water and reduce thelass of slope is 1 — 3%, showing a relief
transference of the flow remaining in the channepredominantly plane. The slope of the Agua Fria
(Carvalho, 1994 and 1998). watershed is steep on the headwater regions
Considering all these factors, large variation ofhigher elevations of the watershed) and smoothly
sediment yield for the watersheds along the worlvaved - plane on the middle parts and near of the
has been noticed. Sediment yields of 40 Tihfor ~ estuary of the Agua Fria stream (near the
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Tocantins river). Geologic basement is crystallinel981). Fig. 2 shows a panoramic view of the
in the steepest region, and in regions where theatershed and the aspect of the topography of the

relief varies from smoothly waved to plane, theregion.
geologic basement is sedimentary (RadamBrasil,
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Figure 1 - Spatial localization of the study area (withire tPalmas municipal perimeter). Source:

Table 1 —Monthly values of rainfall depth, rainfall erosiyiand flow for the study area.

Silva (1999)

Month Rainfall Erosivity Flow
Feb/98 232.2 901.5 5.9
Mar 338.7 940.7 12.6
Apr 84.0 562.1 35
May 45.9 170.6 3.1
Jun 14.1 45.1 1.2
Jul 0.0 0.0 0.8
Aug 0.0 0.0 0.6
Sep 15.7 194.2 0.2
Oct 69.8 582.7 0.1
Nov 305.1 720.0 3.3
Dec 238.0 924.1 2.7
Jan/99 428.6 913.3 4.8

Units: Rainfall depth (mm), rainfall erosivity (Magoule.mm Hah™ year"), flow (m*s™)

Source: Silva and Schulz (2002).
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Figure 2 - Panoramic view of the Agua Fria watershed. Thenegalso shows the altitude range (in
meters) of watershed (Silva, 1999)

The soil classes occurring in study area wereETHODS

determined by Ranzani (1998), and were,

according to F.A.O. classification system:The sediment yield was determined using the
Plinthosol, found on 27.8% of the whole areaColby’s simplified method (Carvalho, 1994 and
Rhodic Ferralsol (28.0%); Leptosol (10.3%);Tavares, 1986). The following equations were
Xanthic Ferralsol (17.3%); Cambissol (8.0%);used:

Gleysol (7.6%). On the watershed (in the most

steep regions), bare rock was 1.0% of the whol®sr = Qsy + Quwm [02]
area. The predominant vegetation type on th€g, =0.0864 x Q x & [03]
region was the tropical savann@efrado) in a Quw=0qmXxKxL [04]

still undisturbed area (RadamBrasil, 1981). A

mesophytic forest (in waved areas in headwaters\&here:

downstream) was found on the Lajeado’s hill.

Riparian forest also occurred along some strean@s;— Total sediment yield, in t day

of the region. All the vegetation clearly suffered,Qsy,— Quantified solid discharge, in t day

every year the influence of the dry seasomQ,— Not quantified solid discharge, in t day
(normally from April to September), especially theQ — Water flow, in ms™.

herbaceous vegetation, mainly due to dry soiC’s — Quantified concentration of sediment, in

conditions. parts per million.
L — Channel width, in meters.
Land cover g'nm — Not quantified solid discharge (estimated

On the watershed, the following classes of landccording to the width of the drainage channel).

cover were mapped (Silva, 1999): remnant natura — Factor of correction.

vegetation (21.5%); water bodies (0.3%); green

urban gardens (0.6%); build-up (0.5%); roadsThe “g’nm” and “K” components of the equations

(0.4); bare soil (1.3%); dirty field (23.5%); cleanwere computed using three abacuses that required

field (26.0%); bare rock (1.1%); burnt areasinformation about water flow velocity of the

(6.7%) and sparse field (18.2%). drainage channel, average depth of the channel
and sediment concentration (Carvalho, 1994).
Hence, the required information from the gauging
station were: 1) sediment concentration, 2) average
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depth of the channel, 3) channel width and 4average value obtained for April (average between
average flow velocity in the drainage channel. 418.3 t day and 406.9 t day, respectively for
SEDIMENT CONCENTRATION Three samples were April and May) was 412.6 t ddy Multiplying
collected each month from February 1998 to112.6 t day x 30 days, the resulting value for
January 1999 on a gauging station located on th&pril was 12,378.0 t monthof sediment yielded
Agua Fria stream about 50 m before the joining ofrom the Agua Fria watershed. The specific
Agua Fria river and Tocantins river. The sampleproduction of sediment was determined according
were collected in the middle of the channel, fronto equation described in Carvalho (1994) and Haan
surface to bed, by using the “vertical integratioret al. (1994) (equation 5).

method” (Carvalho, 1994). The samples were

transported to laboratory of Universidade do _SY [05]

Tocantins (UNITINS) and there the concentration A

of sediment was determined using the evaporation

method (Carvalho, 1994; Eaton et al., 1995; Pida)Nhere:

1995). The residue after evaporation was

quantified in ppm, as required by the Colby sSpSY — specific sediment yield (t yédm™).
method. SY — sediment yield (t yed).

AVERAGE DEPTH it was determined monthly A — Watershed area (Kn

through the elaboration of the profile of the

channel (bathymetry) at the same point of wateThe sediment delivery ratio was computed
sampling. Using the bathymetric data, the area aiccording to equation 1, described by Wischmeier
the channel and the average depth were computednd Smith (1978) and by Haan et al. (1994). The
CHANNEL AVERAGE WIDTH: it was determined by value of the gross erosion for the study area was
the quantification of the width of the drainageobtained from Silva (1999) who utilized the
channel at the water/sediment sampling point. ~ Universal Soil Loss Equation (Wischmeier and
FLow VELOCITY: it was determined by the float Smith, 1978) on the estimates.

method (Pido, 1995). A float was launched from

one pre-determined point upstream, when the float

crossed the determined point upstream &ESULTS AND DISCUSSION

chronometer was turned on, when the float crossed

the determined point 10 meters downstream, thejg. 3 shows the monthly sediment yield and
chronometer was turned off and the time wasgnonthly specific sediment yield for the study area.
recorded. This operation was executed ten timgs was estimated that 138,619 tons of sediment
on each month (even using the same upstream ajfére vyielded during the period of study.
downstream points). The average time wagomparatively, for the ltiquira river (Paraguai
determined by computing the arithmetic averageiver basin — Mato Grosso do Sul State) M.M.A.
of the ten previously recorded values and the1997) found 254,520 t yeaof sediment also in
average flow velocity was calculated by divisionone year. Kusumandari and Mitchell (1997)
between the average time and the 10 meters leng#écorded an average value of 256,500 t Ve
considered. With all these information, both thesediment carried out for the Citarum River basin
liquid and solid discharge on that point and at thafindonesia) during 1991-1992.

time were estimated using the abacuses (Carvallphe specific sediment yield (SY) for the study area
1994, equations 2, 3 and 4). After thewas 827 t kiif yeai’, a little higher than that
determination of the sediment yield on the poinkstimated by Enger and Smith (1995) for the
for each month, the average value of sedimemmazon region (612 t kﬁweafl) and higher than
yield for that period (month) was calculated bythe specific yield for entering Brazil showed by
using the value of the current month and the valugordas (1998): 470 t kihyear®. Fig. 4 shows a
of the subsequent month (for example, taurve of sediment yield versus drainage area,
determine the average value for June, the values gbtained from Carvalho (1994) and with the value
June and July were used, and so on). found on this study inserted on it. It was noticed
As the value was in t.ddy the average value that the value for the study area was located below
obtained for each month was multiplied by thethe “general sediment yield curve”, despite being
number of days of that month. For example: the
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classified as high, according to the interpretatioletween the field and point of final deposition,
chart proposed by the author. On this chart (Fig. ediment normally would have numerous
it was noticed that the value of sediment yieldopportunities to be deposited, reducing the
diminished as the drainage area increasedediment yield accordingly (Haan et al., 1994).
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Figure 3— Monthly sediment yield (left axis - bars) and nfuntspecific sediment yield for study area
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Figure 4 - Sediment yield versus drainage area, sedimend yietve and some values (points)
obtained from Carvalho (1994) and Haan et al. (198th the value found on this
study

Strong irregularity on the seasonal amount ofthe correlation between the monthly sediment
sediment carried out of the watershed wagield and monthly rainfall depth was not
observed. Resulting correlation analysis betweesignificant, being significant the relation between
the monthly sediment yield and the monthly watethe monthly sediment yield and the monthly
flow (water flow data obtained from Silva, 1999)rainfall erosivity (F=0.37, significant<=5%).

was F=0.88 (significant «a=1%). Significant The relation between water flow and sediment
correlation between monthly sediment yield andield is shown in Fig. 5. The *f value was 0.94
monthly average speed of the strearfr@46, and the equation generated was y=42.7%3%
significant «=5%) was also observed. However,The “* found on this study was significant and
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presented better performance as that one show€@bmparatively, in “Alto Paraguai” watershed
by Carvalho (2000) for the ltiquira rive40.32  values ranging from 1.9 to 7.0% were estimated
and 0.66 for 1979-1980 and 1981-1982 hydrologifor eight sub-watersheds whose drainage area
years, respectively). Filizola et al. (1999) alsaanged from 5.1 to 57.7 Km(M.M.A., 1997).
found a low and unsatisfactory value fof"“for ~ Through field visits during the study period, it was
the Madeira river fr= 0.21), unlikely that one reported that the remnant riparian vegetation
found by Martinelli et al. (1993) for the same river(relicts), located along the watercourses of the
and for the same gauging station. Filizola et alwatershed, played an important role on the
(1999) reported a difference on the estimativesediment yield and transportation. It was noticed
because the short amount of available informatiothat the roles of the riparian vegetation were
used. In fact, the short amount ofmainly 1) “Filtering” the water mass of the
hydrosedimentometric data normally has been orgreams — in some parts of the streams, where there
of the major problems that impede thewas significant portions of riparian vegetation, this
development of good and precise studies in Braziljegetation have been retaining part of the sediment
as also affirmed by Carvalho (1994). of the stream and the water passing through the
Fig. 6 shows the variation of the proportion of thevegetation flows a little cleaner than befo®
suspended and bed load fractions of sediment fétrotecting the stream against the streambank
the study area along the study period, determinegfosion — in some parts along the streams without
through the Colby’s method (respectivelygyQ riparian vegetation it was easily observed that the
and Qum parameters of the equation 2). It wasgeometry of the channel was totally altered due to
noticed that the temporal variation of thestream erosion. Water quality is maintained by
proportion of suspended sediment load did followiparian vegetation through many ways, including
neither the seasonality of the water discharge ndhe stabilization of slopes and stream banks by
the seasonality of the rainfall erosivity. Thenetworks of tree roots that help prevent erosion,
general average proportion of suspended materiatt as filter pollutants, metabolize nutrients, and
was of 70.7% (variation coefficient 26.8%) and thdarap sediment, as reported and detailed by Vought
final average proportion of bed material was ot al. (1995).

29.3% (variation coefficient 64.7%). Christofoletti During the period of study, in Agua Fria
(1981) showed the proportions of total sedimentvatershed, there were multiple land cover types
for some European/Asiatic rivers and most of thenand proposals, mainly the urbanization goals,
had a proportion of bed sediment smaller thamany of them presenting potential of degradation
10%, despite the mountainous rivers of the Alp®f the riparian vegetation and/or exposing the soil
presenting 30% or more of bed material. surface to erosive process. Respecting the
Silva (1999), using the Universal Soil LossBrazilian Forest Code in order to provide an
Equation (Wischmeier and Smith 1978), estimate@xcellent conservation state of the riparian
the amount of soil loss for the study period (grossegetation would be a crucial strategy for a
erosion): 2,239,955.0 t and by applying theregional sustainable development and avoiding
equation 1, the value found for the sedimenenvironmental and urban problems related to
delivery ratio for the Agua Fria was 6.2%.erosion / sediment.
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Figure 5 - Sediment yield versus flow for Agua Fria watershed
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CONCLUSIONS

The annual sediment yield for the study areeACKNOWLEDGEMENTS

between February-1998 and Jannuary-1999 was

138,619 tons of sediment and the specifidWe thank Odo Primavesi and Hélio do Prado for
sediment yield for the study area was 827 t°kmhelping us to translate the soil classes from the
year'. The estimated sediment delivery ratio wasBrazilian to the International System (F.A.O.).
6.2%. The suspended load was the predominating

fraction in almost all study period, except during

November and December, where the bed loaRESUMO

fraction predominated. It could be concluded that

the state of the riparian vegetation during the studigste estudo objetivou estimar a quantidade de
period was the main factor that determined thgedimento que foi carreada da microbacia do
amount of sediment that were delivered by th@ibeirdo Agua Fria (Palmas, TO) entre fevereiro
water courses or were deposited along thée 1998 e janeiro de 1999. Almejou-se ainda
vegetation strips. investigar as relacbes entre a producdo de
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