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O que € um Modelo?

Modelo s. Uma descrigao esquematica
de um sistema, teoria ou fendmeno 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.

Porque usamos modelos?

Problema > Decisdao — |Resultados




Porque usamos modelos?

* Modelo ajuda a responder “E se?”

Problemal —» | Planeja- —» Decisdo —» [Resultados
mento

Model
Output
MODELO
Decision

Data Making
Tools

Tipos de Modelos de Erosao

» Avaliagdo dos Balancos de Massa
— Calculos simplificados, planilhas de calculo
— Baixo custo, facil de implementar, partem de suposi¢ées
simplificadas
» Ferramentas baseadas em SIGs
— Relacionar modelos de balango de massa simples a bases de SIG
— Produzir mapas ressaltando regidées das microbacias de alta
sensibilidade
» Modelos Matematicos
— Ferramentas complexas utilizando equagdes diferenciais para
descrever processos fisicos

— Rigoroso, baseado em processos fisicos, fornecem simulagbes
dinamicas de um sistema
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O que € um modelo de erosao?

Condicbes Controle de fluxo
meteorologicas +Desvios

Caracteristicas da

microbacia
*Uso do solo

Fontes
pontuais

«Fertilizantes
+Area e declividade
«Atributos do solo

*Saida de reservatérios

Modelo
Paramteros ajustaveis:
*Peso da precipitacéo
*Condigdes iniciais
*Taxas de reagao
*Boas praticas de manejo
+Estabilidade de encostas/fatores da
vegetagao

Saida do modelo A ;
*Fluxo linear COMPARAGAO Ea PRy VI te o

*Qualidade da agua (nutrientes, OD, Chl-a) r— +Condicdes pedo-
*Sedimentagéo hidrolégicas
*Qualidade da agua

Quantificando a Erosao do Solo
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Sediment
and water

Howwoeuld youcalculate the “erosion rate”?
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Erosion Plot

Sediment Collector
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Canteiro coletor USLE

— Comprimento 22,33m
— Declividade 9%
— Largura 4m.
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Canteiro coletor USLE (valor padrao)
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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.
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Modelo Empirico:
— Analise de observacoes
— Procura caracterizar respostas destas informagdes

Baseado:

— Padrdes 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)
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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

17

R (indice de erosividade)

chuva e a intensidade maxima em 30
minutos.

e Fator R =2 El num ano/100

A=RxKxLSxCxP

« indice de erosao (El) para um evento:
— Produto da energia cinética das gotas de

18
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s oineer

CATENA

ELSEVIER Caena 57,004 251259

x = indice mensal
M = Precipitacdo média mensal
P = Precipitagdo média anual

A=RxKxLSxCxP

. 1 . )
< , 4 )
AL - ‘.5/
i
il
8
Number Equation Author(s)
1 Ry - 3_76'(' )»:;\ "IMZ ” Oliveira Jr. and Medina (1990)
2 PR —
2 Ry=3. -‘w*| \:: l Morais et al. (1991)
3 R, =(0.66*M, )+8.88 Oliveira Jr. (1988)
IM2N ilva (2
4 Ry =42307%| )';X |+69.763 Silva (2001)
5 Ry =0.13*(MZ) Leprun (1981)
T Tl ol
6 X, —1:.59:~|‘M—\ Val et al. (1986)
\ P /
7 N (M2 “| " Lombardi Neto and Moldenhauer (1992)
L =68.73% —=
P
8 Ry =19.55+(4.20* M, ) Rufino et al. (1993)

Fig. 1. Equations used to determine the monthly/annual values of the er
and their respective authors. Egs. number (1), (2), (4), (6), and (7) were based from the Fournier's mode!

ity according to the area of the te

and (8) are linear models and Eq. (5) is an exponential model. R, is R factor (MJ mm ha ' h™ ! year ') for month
x, M, is average monthly precipitation depth (mm), and P is average annual precipitation (mm) (Silva, 2001).
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» Depende de:

permeabilidade.

A=RxKxLSxCxP

K (erodibilidade do solo)

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

— Textura, estrutura, conteudo de matéria orgénica, e

20
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FIGURE 3.—~The soll-srodibility nomograph. Where the s fracsios does net excesd 70 percoss, the eqestion & 100 K = 2.1 M'™ (109 {12 — o) + 323 (b— 2) 4 2.5 {c — 3)
where M == (percent 4i +vi) (100 — percent ¢}, a = pescant crgasic matter, b= sructure <ode, and ¢ = profle permeability closs.

Nomograma da Erodibilidade do Solo
A=RxKxLSxCxP

21
LS (comprimento de rampa e declividade)
Slope length
Deposition area N
» Razao da perda do solo sob certas condi¢des
de topografia em relagdo a um local com um
comprimento de rampa e declividade padrdes.
A=RxKxLSxCxP
22
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C (fator de cultivo/preparo)

* Razéo da perda do solo por um uso do solo sob
condicdes especificas em relacdo a areas em pousio ou
preparo continuo.

Crop Fator
Milho graos 0.40
Milho silagem, Feijéo & 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 talhdes 0.25
A=RxKxLSxCxP Plantio Direto 0.25
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P (praticas conservacionistas)

» Razao da perda do solo de uma pratica
conservacionista em relagao 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

25

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.

26
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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

27
Process Based Models: Mass balance differential equation
5(cq)/5x + 5(ch)/5t +S =0
¢ = Sediment concentration (kg/m?3)
q = 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?s))
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?2 s)) (+ or -)
Di = Interrill sediment delivery to rill (kg/(m? s))
28
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Aplicacoes do modelo WEPP

« Vertente + Microbacia hidrografica

— Substitui¢éo direta da USLE — Desprendimento, transporte
— Pode predizer a perda e e deposica@o de sedimentos
deposicgo 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-
simulating 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 it 1900 Yes
CREAMS No Yes No Yes ++ n.i. 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 N No Yes +++ n.i. No
OPUS Yes No No Yes +++ n.. No
SPUR /I Yes Yes No No +++ ni. No
WEPP Yes No Yes Yes +++ n.. No
EUROSEM Yes No Yes Yes +++ n.i. No

ni. Noinformation;

+  Few;
++ Moderate;
+++ Many.
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Modelagem de eroséo:

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

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

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

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

PERGAMON Computers & Geosciances 25 (2002) 661-668

COMPUTERS
GEOSCIENCES

Computers & Geosdiences 31 Q005) 1270-1276

wwwelsevier.com locate/cagen
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Short note
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Erosion database interface (EDI): a computer program for Runoff mapping using WEPP erosion model and GIS tools
georeferenced application of erosion prediction models Quirijn de Jong van Lier*, Gerd Sparovek®, Dennis C. Flanagan®,

Elke M. Bloem¢, Ewald Schnug®

Simone Beatriz Lima Ranieri®, Quirijn de Jong van Lier®*, Gerd Sparovek®,
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Modelos:
WEPP simulation profile (Piracicaba, Brazil)
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Rain, runoff, percolation and ET (cane)
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WEPP simulation soil loss (Corn, Brazil)
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[0 Arenic Paleudult (1)
[l Arenic Paleudult (2)
@ Typic Udorthent
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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 84 hillslopes

x ¥ z Soil* Land use® Hillslope"
215972.14 7492357.91 500 5 1 1
215990.84 749235137 498 -} 1 1
216012.30 749234387 496 - 1§ 1
216036.98 7492335.24 494 - 1 1
216064.13 749232575 492 5 1 1
216093.04 7492315.65 490 5 1 1
216109.58 7492309.86 88 5 1 1
216125.73 749230422 286 5 1 1
216145.52 749229730 284 3 1 1
216168.09 7492289.41 282 3 1 1
216188.68 749228221 480 £ 1 |
216196.28 7492279.56 478 Z 1 1
216204.46 7492276.70 476 £ 1 |
216218.54 7492271.77 474 3 1 3
216236.58 7492265.47 472 3 1 1
216253.16 7492259.67 470 3 1 3
216263.90 7492255.92 468 3 1 1
216274.53 749225220 66 3 1 1
216288.76 7492247.23 64 23 1 1
215972.28 7492367.25 500 5 1 2
215992.31 7492362.44 498 5 1 2
216010.06 7492358.18 496 5 1 2
216033.34 7492352.59 494 5 1 2
216061.82 749234576 492 % 1 2
216091.39 7492338.66 490 5 1 2
216108.31 7492334.60 488 - § 1 ]
216123.42 7492330.97 486 5 1 2
216143.98 7492326.04 484 - 1 ]
216169.89 7492319.82 482 3 1 2
216191.85 749231455 80 3 1 2
216204.36 749231155 18 3 1 2
21621597 7492308.76 476 3 1 2
21622935 7492305.55 414 3 1 2
216249.48 7492300.72 472 3 1 2
216268.06 7492296.26 470 3 1 2
216279.50 7492293.51 268 Z 1 2
216291.42 7492290.65 466 & 1 2

*Easting in Universal Transverse Mercator (UTM) coordinates (zone 23S, 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.
Soil type, where 3— Arenic Paleudult; 5—Typic Dystrochrept and 23— Typic Udorthent.

°Land use, where 1 —sugarcane.

“Hillslope number
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Ceveiro Watersehd

Area: 6 ha

Soil: Arenic Paleudult
Climate: Cwa
Rainfall: 1,200 mm y
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WEPP and USLE estimation points
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Fig. 3. WEPP 100-year simulation mean soil erosion estimates plotted against runoff estimates for Ceveiro watershed (negative erosion
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