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FIG. 1.5 — Les deuz grandes familles de modéles.



O que € um Modelo?

Modelo s. Uma descricdo esquematica
de um sistema, teoria ou fenomeno que
contabiliza as suas propriedades
conhecidas ou inferidas, e pode ser
utilizada para estudos mais aprofundados
das suas caracteristicas.

-The American Heritage® Dictionary of the English
Language: Fourth Edition. 2000.



Porgue usamos modelos?

> el




Porgue usamos modelos?

* Modelo ajuda a responder “E se?”
M — | Planeja- —» Decisa0 —
mento

@Model Output
‘ion Making

Data

Tools



Tipos de Modelos de Erosao

= Avaliacao dos Balancos de Massa
— (Calculos simplificados, planilhas de calculo
— Baixo custo, facil de implementar, partem de suposicoes
simplificadas
* Ferramentas baseadas em SIGs
— Relacionar modelos de balanco de massa simples a bases de SIG

— Produzir mapas ressaltando regioes das microbacias de alta
sensibilidade

= Modelos Matematicos
— Ferramentas complexas utilizando equagoes diferenciais para
descrever processos fisicos
— Rigoroso, baseado em processos fisicos, fornecem simulagoes
dinamicas de um sistema



O que € um modelo de erosao”?

Condicoes Controle de fluxo Fontes Caracteristicas da
meteorologicas -Desvios pontuais microbacia

*Uso do solo

«Saida de reservatorios
-Fertilizantes

*Area e declividade
«Atributos do solo

Modelo

Paramteros ajustaveis:

*Peso da precipitacao

*Condi¢des Iniciais

*Taxas de reacao

*Boas praticas de manejo
*Estabilidade de encostas/fatores da

vegetacao

Saida do modelo COMPARACAO :
. | Dados Medidos
Fluxo linear e <l -Condices pedo-

*Qualidade da agua (nutrientes, OD, Chl-a) : il
hidrolégicas

*Sedimentacao i ]
*Qualidade da agua



Quantificando a Erosao do Solo



Sediment
and water

How would you calcuiate the “erosion rate”?










Erosion Plot

Sediment Collector



Canteiro coletor USLE

— Comprimento 22,33m
— Declividade 9%
— Largura 4m.



Canteiro coletor USLE (valor padrao)




USLE
Equacao Universal de
Perda de Solo

Wischmeier, W.H. and D.D. Smith. 1978.
Predicting rainfall erosion losses. USDA
Agriculture Handbook 537, U.S. Department of
Agriculture.



Modelo Empirico:
— Analise de observacoes
— Procura caracterizar respostas destas informacoes

Baseado:

— Padroes de chuva, tipo de solo, topografia, sistema de
cultivo e praticas conservacionistas.

Prediz:
— Taxas anuais de perda do solo de longo prazo

Subrotinas em modelos como:

— SWRRB (williams, 1975), EPIC (Williams et al., 1980),
ANSWERS (Beasly et al., 1980), AGNPS (Young et al., 1989)



A equacao:

A=RxKxLSxCxP

— A = perda do solo anual (tons/ha ano)
— R = indice de erosividade

— K = erodibilidade do solo

— L = comprimento de rampa

— S = declividade

— C= fator de cultivo/preparo

— P = fator praticas conservacionistas




R (indice de erosividade)

» Indice de erosao (El) para um evento:

— Produto da energia cinética das gotas de
chuva e a intensidade maxima em 30
minutos.

e Fator R =2 El num ano/100

A=RxKxLSxCxP
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Number Equation Author(s)
1 oMY Oliveira Jr. and Medina (1990)
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X = indice mensal L
2 iy Morais et al. (1991)

M = Precipitacao média mensal Ry =36349°( 3|
P = Precipitagéo média anual 3 R, ={0.66*M,)+8.88 Oliveira Ir. (1988)
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5 R, =013%M>) Leprun (1981)
6 Y Wal et al. (1986
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7 N 'H*|Ir My Lombardi Neto and Moldenhauer {1992)
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Fig. 1. Eguations used to determine the monthlyv/annual vahies of the erosivity according to the area of the territory
A=RxKxLSxCxP & ' ' : '

and their respective authors. Eqs. number (1), (2), (4), (6), and (7) were based from the Fournier's model. Eqgs. (3)
and (8) are linear models and Eq. (5) is an exponential model. R, is R factor (MJ mm ha— ' h™ ! vear™ ') for month
x, M, is average monthly precipitation depth (mm), and P is averape annual precipitation (mm) (Silva, 2001).



K (erodibilidade do solo)

» Susceptibilidade de um solo ao processo
erosivo pela agua e enxurrada

* Depende de:

— Textura, estrutura, conteudo de matéria organica, e
permeabilidade.

A=RxKxLSxCxP
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LS (comprimento de rampa e declividade)

2
)

Slope length

Deposition area ~—

« Razao da perda do solo sob certas condigcoes
de topografia em relacao a um local com um

comprimento de rampa e declividade padroes.
A=RxKxLSxCxP
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C (fator de cultivo/preparo)

« Razao da perda do solo por um uso do solo sob
condicOes especificas em relacao a areas em pousio ou
preparo continuo.

Crop Fator
Milho graos 0.40
Milho silagem, Feijao & Canola 0.50
Cereais 0.35
Cultivos horticolas 0.50
Frutiferas 0.10
Feno e Pastagens 0.02
Preparo Fator
Aracao de outouno 1.00
Aracao de primavera 0.90
Preparo com mulch 0.60
Preparo em nivel 0.35
Preparo em talhbes 0.25

A=RxKxLSxCxP Plantio Direto 0.25



P (préaticas conservacionistas)

* Razao da perda do solo de uma pratica
conservacionista em relacao a um preparo
morro abaixo.

Pratica Fator P
Morro Abaixo 1.00
Plantio cruzado 0.75
Plantio em nivel 0.50
Plantio em faixas, cruzado 0.37
Plantio em faixas, em nivel 0.25

A=RxKxLSxCxP



WEPP
Water Erosion Prediction
Project

Foster, G.R. and L.J. Lane (compilers). 1987.
User Requirements. USDA-Water Erosion
Prediction Project. NSERL Report #1, USDA-
ARS National Soil Erosion Research
Laboratory, West Lafayette, IN.



Water Erosion Prediction Project
(WEPP)

« Desenvolvido em 1987

* Modelo baseado em processos fisicos que
simula todo o processo de erosao

» Pode predizer a distribuicao espacial e
temporal da perda e deposicao liquida do

solo



Process Based Models: Mass balance differential equation

o(cq)/0x + 6(ch)/dt+S =0

¢ = Sediment concentration (kg/m3)

g = Runoff discharge (m?/s)

X = Distance in the direction of flow (m)
h = Depth of flow (m)

t = Time (s)

S = Source/sink term (kg/(m?3s))

WEPP

dG/dx = Dr + Di

G = Sediment load per unit width in the flow (kg/(m s)) = cq
Dr = net rill erosion rate per unit area of rill bottom (kg/(m? s)) (+ or -)
Di = Interrill sediment delivery to rill (kg/(m? s))



Aplicacoes do modelo WEPP

« Vertente « Microbacia hidrografica

— Substituicdo direta da USLE — Desprendimento, transporte
— Pode predizer a perda e e deposicao de sedimentos
deposicdo do solo numa em sistemas fluviais e na

vertente vertente
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Table 9.1. Comparison of the main model characteristics

Erosion model Event  Empirical Interface Simulationof  Required ~ Maximum  User
based equationfor  toArc/Info transport,de- inputdata numberof friend-
simu_laiing position, etc. grid cells liness
erosion
USLE No Yes No No + n.i. Yes
RUSLE/MUSLE  Yes Yes No No + n.i. Yes
EPIC No Yes No No +++ n.i. No
AGNPS Yes Yes Yes Yes ++ 1900 Yes
CREAMS No Yes No Yes ++ Bk No
GLEAMS No Yes No Yes ++ n.i. No
ANSWERS Yes No No Yes ++ 1700 Yes
EROSION-2D/3D  Yes No Yes Yes ++ 50000 Yes
KINEROS Yes NI No Yes +++ n.i. No
OPUS Yes No No Yes 4+ n.i. No
SPUR I/l Yes Yes No No +++ Pl No
WEPP Yes No Yes Yes +++ n.i. No
EUROSEM Yes No Yes Yes +++ n.i. No

n.i. Noinformation;
+ Few;

++ Moderate;

+++ Many.



Modelagem de eroséo:

Der Tropenlandwirt, Beitrage zur tropischen Landwirtschaft und Veterinarmedizin,
101. Jahrgang, Oktober 2000, S. 107 - 118,

Comparison of Three Water Erosion Prediction
Methods (B'Cs, WEPP, USLE) in South-East
Brazilian Sugarcane Production

G. Sparovek’™ !, 0.0.S. Bacchi’, E. Schnug™, S.B.L. Ranieri” and I.C. De Maria™

Key words: Erosion prediction, '’Cs, WEPP, USLE, sugarcane, Brazil.

COMPUTERS
COMPUTERS GEOSCIENCES
GEOSCIENCES
Computers & Geosdences 31 (2005) 12701276 —_—
PERGAMON Computers & Geosciences 28 (2002) 661-668 B ——— www.elsevier.comlocate/cageo
woaowelseviercomdlocale/cagen Short note

. : . . Runoff mapping using WEPP erosion model and GIS tools
Erosion database interface (EDI): a computer program for apping g ‘ !
georeferenced application of erosion prediction models Quirijn de Jong van Lier"*, Gerd Sparovek®. Dennis C. Flanagan®,

Elke M. Bloem®, Ewald Schnug®
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Modelos:

WEPP simulation profile (Piracicaba, Brazil)
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Rain, Runoff, Percolation or ET, mm

80
70
60
50
40
30
20
10

0

1
-10

-20
-30

Rain, runoff, percolation and ET (cane)

Rain: 1252 mm y
Runoff: 98 mm y

. Percolation: 200 mm y
ET: 960 mm y

IIII \l\ | |

R E L LT ' ‘ =T
b 30/4 s >/ 24/6

Date, dd.mm

— Rain — Runoff — Percolation —ET




Soil Loss, kg m?

WEPP simulation soil loss (Corn, Brazil)

WEPP simulation soil loss (Forest, Brazil)
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Table 1

Example of input text format database file used for erosion calculations by EDI for WEPP and USLE in Ceveiro watershed for

hillslopes 1 and 2 from a total of 82 hillslopes

i ¥ z° Soil? Land use® Hillslope?
215972.14 7492357 .91 500 5 1 1
215990.84 7492351.37 498 5 1 1
216012.30 7492343 87 496 5 1 1
216036.98 7492335.24 494 5 1 1
216064.13 7492325.75 492 5 1 1
216093.04 7492315.65 490 5 1 1
216109.58 7492309.86 488 5 1 1
216125.73 7492304.22 186 5 1 1
216145.52 7492297 .30 484 3 1 1
216168.09 7492289 41 482 3 1 1
216188.68 749228221 480 3 1 1
216196.28 749227956 478 3 1 1
216204.46 7492276.70 476 3 1 1
216218.54 7492271.77 474 3 1 1
216236.58 7492265.47 472 3 1 1
216253.16 7492259.67 470 3 1 1
216263.90 7492255.92 168 3 1 1
216274.53 749225220 466 3 1 1
216288.76 7492247.23 464 23 1 1
215972.28 7492367.25 500 5 1 2
215992.21 7492362.44 498 5 1 2
216010.06 749235818 496 5 1 2
216033.34 7492352 .59 494 5 1 2
216061.82 749234576 492 5 1 2
216091.39 7492338.66 490 5 1 2
216108.31 749233460 488 5 1 2
21612342 7492330.97 186 5 1 2
216143.98 7492326.04 484 5 1 2
216169.89 749231982 482 3 1 2
216191.85 7492314.55 480 3 1 2
216204.36 7492311.55 478 3 1 2
216215.97 7492308.76 476 3 1 2
216229.35 7492305.55 474 3 1 2
216249.48 74923200.72 472 3 1 2
216268.06 7492296.26 470 3 1 2
216279.50 7492293 .51 468 3 1 2
216291.42 7492290.65 466 3 1 2

*Easting in Universal Transverse Mercator (UTM) coordinates (zone 238, ellipsoid IUGG 1967, datum South American 1969

Brazil).

"Northing in UTM coordinates.

© Altitude (BSL) in metric units extracted from the digital contour line map from the Ceveiro watershed.
450il type, whers 3— Aremc Paleudult; 5—Typic Dystrochrept and 23—Typic Udorthent.

®Land use, where 1—sugarcane.

Hillslops number.
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WEPP output results are contained in several files,
among those the files with extension .wtr. These files are
optionally created and contain detailed information
abount accumulated runoff estimates at the lower end of
each OFE for each day (d) of each one of the » years (y)
of the simulation (Qac,p 4y, mmd™! or 10 m? runoff
water per m” of contributing area per day). The wtr files
are read by EDI, and daily runoff values are extracted
and transformed into annual means for each OFE

(Qac,p, mmy ™).

n 365

>. 20 Qacspeay

y=1d=1

Qacofe = - - (1)

To estimate runoff values within each OFE, the
accumulated runoff volume from the top of the hillslope
to the bottom of each OFE (Vac,g, m3yr1) is
computed as

Vacy. = QaeqpLacy, W x 1077, (2)

where Lac,z (m) is the distance between the top of the
hillslope and the bottom of the OFE and W {m) is
the width of the OFEs. Assuming mass conservation, the
volume of runoff produced by each OFE (V, ., m>y™")
can be calculated as

Vo= ey — Yogpi (3)

and from Vs the average runoff for the OFE (Qavg. .,
mmy_]) can be computed as

Vofe 3
10 4
Tl (4)

Qavgofe =
where L,z (m) is the length of the OFE. As an OFE is
defined as a portion of a hillslope with equal soil and
management, infiltration rate and runoff production
may be assumed constant along one OFE. Therefore it

may be assumed that

Qtop,., + Qbot,y
Qavgofe = 4 2
. Qborofe—l A Qborofe
N 2
= 2Qavgofe - Qbﬂfoﬁe,h

= Qbo Lofe
(5)

where Qtop.s. (mmvyr ) and Qbot,s (mmyr~Y) are the
runoff values at the top and the bottom of each OFE,
respectively. If it is assumed that runoff at the top of
each hillslope equals zero (i.e., Qtop; = Qboty = 1), this
approach allows estimation of Qbot,z for each OFE by
interpolating linearly between OFE bottom values. The
runoff within each OFE can also be computed.
After this, the coordinates not considered by WEPP
processing are restored by EDI, and a file containing
coordinates and runoff estimates in text format
is created.
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Fig. 3. WEPP 100-year simulation mean soil erosion estimates plotted against runoff estimates for Ceveiro watershed (negative erosion
values indicate deposition in WEPP).



