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1 “All models are wrong. Some models are useful” George E.P.
Box

2 “Simulation modeling is an art and a science”. P. S. Teng
3 “Make it as simple as possible, but no simpler”. Albert Einstein

4 “Simulation allows us to control time”. R. E. Shannon



Names of published computer models in the environmental
biological sciences: A partial list and new potential risks.
Kickert, R. N. Simulation, 1984.

duplicate names tor difterent modeling projects and their resulting
models, even if no commercialization is planned. This list (Table 2)
includes names and references for 305 named models from 523
agricultural modeling publications and 878 wildlands modeling publica-
tions in my files. At this point, a preliminary estimate shows that anly
JT.8% of these modeling publications (305 of 1401) refer to named
models. Many system simulation models are never given a specific
name by their developers. The scope of model selection | have used
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Simulacao em Doencas de Plantas:

J. C. Zadoks P. F. Waggoner
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Simulacao em Doencas de Plantas:

- EPDEM - Waggoner (1968) — Requeima da batata

- EPIDEM - Waggoner and Horsfall (1969) — Pinta Preta Tomateiro
- Zadoks (1971) — System analysis and the dynamics of epidemics
- EPIMAY - Waggoner and Horsfall (1972) — Corn leaf blight

- EPIVEN —Kranz et al., (1973) — Sarna da Macieira

- EPIDEMIC — Shrum (1975) — Ferrugem do trigo

- Teng, P. S. (1978) — Tese defendida com simulacao da ferrugem da
cevada
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Simulacao em Doencas de Plantas:

Ecology and Epidemiology

A Simulation Model to Describe Epidemics of Rust of Phaseolus Beans
1. Development of the Model and Sensitivity Analysis

R. D. Berger, B. Hau, G. E. Weber, L. M. A. Bacchi, A. Bergamin Filho, and L. Amorim

First author: Plant Pathology Department, University of Florida, Gainesville 32611; second and third authors: Biometric and Populations-
genetik, Justus Liebig Universitit, 6300 Giessen, Germany: fourth, fifth, and sixth authors: Departamento de Fitopatologia, ESALQ,
Universidade de $3o Paulo, 13418-900 Piracicaba, Brazil.

This research was partially supported by CEE (Project N. TS2-0151-C), FAPESP (Project 90 3543-1), FINEP (Project 1616/91), and CNPq
(Projects 301293/85-6 and 300124/93-T).

Florida Agricultural Experiment Station Journal Series Paper R-03683.

Accepted for publication 10 February 1995,

ABSTRACT

than standard. The maximum leaf arca per plant was a relatively in-
sensitive parameter. The total pustular area ( y;,) was greatest when an
epidemic was initiated at the highest level { f;,= 0.01) of initial infection,
on the earliest day of infection [i(fy) = 2], and at maximum environ-
mental favorability (F = 1.0). With epidemic rates (k;) calculated with

Berger, R, D,, Hau, B., Weber, G. E., Bacchi, L. M. A., Bergamin, A.,
Fo., and Amorim, L. 1995. A simulation model to describe epidemics of
rust of Phaseolus beans 1. Development of the model and sensitivity an-
alysis, Phytopathology 85:715-T21.

A Simulation Model to Describe Epidemics of Rust of Phaseolus Beans
II. Validation
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ABSTRACT

T1.4% of the epidemics, ﬂme was no sngm.ﬁcant difference in intercepts.

Amorim, L., B:rg:l R. D., Bergamin, A., Fo., Hau, B., Weber, G. E.,
observed

Bacchi, L. M. A Vﬂle. F X. R and Silva, M. B. 1995, A simulation Lack of ag hetwee:
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15-17 March 2016, Berlin, Germany

MACSUR and AgMIP jointly presented the International Crop Modelling Symposium
“Crop Modelling for Agriculture and Food Security under Global Change”




Models for crop diseases:
Overview of approaches & scales

S Savary, P Esker, N McRoberts,
L Willocquet, T Caffi, V Rossi, J Yuen,
A Djurle, L Amorim, A Bergamin Filho,
N Castilla, A Sparks, K Garrett
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Conceltos e Filosofia

Sistema: “Serie de elementos conectados, com limites
especificos e tempo caracteristico pre-determinado”.

(Savary & Willocquet, 2014).
Sistemas Fitopatologicos (?)

Modelo — Representacao simplificada da realidade (Zadoks,
1971).



Conceitos e Filosofia
Na epidemiologia:

- Uso de modelos para representacao de um fenomeno
epidemiologico (Vanderplank).



Conceitos e Filosofia
Na epidemiologia:

Uso de modelos para representacao de um fendmeno
epidemiologico (Vanderplank).

Classificacdo de modelos (dentre varias):

Modelos empiricos — ex. Regressdes

Modelos mecanisticos — feito com uma série de modelos
empiricos - Simulacéo



Por que Simular Epidemias?
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Por que Simular Epidemias?
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Fig. 6 Polyetic HLB progress curve showing waves of infection in each
year (from 2008 to 2013) in Sdo Paulo, Brazil. The inner graph shows a
magnified view of the first 3 years of assessment

Bergamin Filho et al., 2016



Conceltos e Filosofia —
Por qué?

A Visao Holistica:

Holistico, relativo a holismo: (holos — inteiro ou todo)

Abordagem, no campo das ciéncias humanas e naturais, que prioriza o0
entendimento integral dos fen6menos, em oposicdo ao procedimento analitico em
que seus componentes sao tomados isoladamente;

O sistema como um todo determina como se comportam as partes.



Conceltos e Filosofia —
Por qué?

A Visao Holistica:

Single equations models are not holistic and cannot be holistic because they are incapable
of recognizing all the components and levels of organization in an epidemic.

The user of single equation models of epidemics (e. g. logistic, Gompertz) would be the first
to admit that single equations are incapable of representing or predicting the dynamic
course of epidemics.

P. S. Teng (1985). A comparison of simulation approaches to epidemic modeling. Ann. Re.
Phytopathol. 23:351-79.



Por que Simular Danos?
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Por que Simular Danos?

« Bergamin et al., 1997 — Dano relacionado com a area verde
remanescente (LAI, HAA, RUE...) — Fotossintese...

« Multiplas doencas ocorrendo no mesmo ciclo de cultivo.

Disease Detection and Losses

Evaluation of a Mechanistic Model that Describes Potato Crop Losses
Caused by Multiple Pests

Kenneth B. Johnson

Department of Botany and Plant Pathology, Oregon State University, Corvallis 97331-2902.

Research supported by state funds of the Minnesota and Oregon Agricultural Experiment Stations and federal funds including
USDA NC-IPM grant 85-CRSR-2-2679. This is Oregon Agricultural Experiment Station technical paper 9656.

Accepted for publication 11 October 1991 (submitted for electronic processing).




Porque...

- Principais objetivos na modelagem e simulacdo de doencas de
plantas:

1- Analisar e entender epidemias;
2- Analisar e entender 0os danos causados por patdgenos;

O objetivo final de (1+2) € melhorar o0 manejo de doencas e
plantas e reduzir os danos.



Porque...

- Muita informacéo disponivel sobre os mecanismos de dano
(reducéo na fotossintese, indice de area foliar...)

- Pouca informacao sobre funcoes (modelos) de danos.

3- Com as informac0es dos mecanismos de danos é possivel criar
modelos para uma ou multiplas doencas em uma determinada
cultura.



Porque...

4- Sintetizar dados e conhecimentos disponiveis na literatura;
5- Prever padroes epidemiologicos;
6- Desenhar experimentos para comprovar uma teoria,

7- Excelente ferramenta educacional



Conceltos e Filosofia

Proceedings of the 1998 Winter Simulation Conference
D.J. Medeiros, E.F. Watson. J.S. Carson and M.S. Manivannan, eds.

INTRODUCTION TO THE ART AND SCIENCE
OF SIMULATION

Robert E. Shannon

Industrial Engineering

“Apart from the use of established Collgs S, Teas TTAS3131 US A
statistical techniques, simulation
modelling requires ingenuity,
Interpretation, resourcefulness,
and integrity on the part of the
modeler. It is both and (2) art
and a science” Teng, 1985




Conceltos e Filosofia

“Make it as simple as possible, but no simpler”. Albert Einstein

Accuracy

\ Understandability
and Usefulness

Qothers

~

e

Complexity of Model

Goldschmidt and Lakso, 2005



Passos para criacao de um modelo de simulacao
em doencas de plantas:

- Definicdo do objetivo do modelo de simulacao:

1- E necessario?

2 - Modelar: Epidemia, Danos, Crescimento do hospedeiro, tudo?
2- Melhor entendimento do sistema?

3- Ranquear mecanismos de dano?

4- Modelar um padrao de epidemia “ndo-convencional”?
(...)



Passos para criacao de um modelo de simulacao
em doencas de plantas:

- Delimitar o sistema: Uma planta, uma folha, uma espiga... e
seus componentes (elementos que atuam no sistema).

- Determinar o Time Step: Tempo que muda o estado das
variaveis do sistema; Time frame;

- Unidades e Dimensoes



Unidades e Dimensoes

Variable Variables Dimensions Units
type (examples)
State Length [L] m
variables Mass [M] ke
Number (population size) [N] number
Leaf area [L7] m’
Leaf area index [L°L7]=[1] m’-m”
Root length [L] m
Population deny [N.L"] number-m”~
Rates Speed [L.T'] m-s’
Growth [M.T] ke-d”
Population increase [N.T"] number-d’
Coefficients | Acceleration LT . T1=[LT] | ms®
(Bio)mass relative growth | [MM T 1=[T] |(d
rate
Relative population growth | [NN'.T'|=[T"] d
rate




Passos para criacao de um modelo de simulacao
em doencas de plantas:

State variable

Modelo de Crescimento de uma bacteria

Sistema: populacdo de bacterias

Rates
Time step 1 minuto @
Time frame (?) Flow
Elementos: bactéria, taxa, fluxos, O
coeficientes...

Coeficcient



Passos para criacao de um modelo de simulacao
em doencas de plantas:

Ex — crescimento de bacteria com restricdo do crescimento

RRbactéria

Rbactéria Bactéria

BacMax



Passos para criacao de um modelo de simulacao

em doencas de plantas:
- Determinar Equacoes
Rb= B*RRb*(1 - (B/BMax) RRbactéria

B(t) = B(t - dt) + (Rb) * dt

- Determinar Rbactéria ~ Bactéria
Coeficientes

= =
|1
Rrbactéria=0,3 b

Stella BacMax




Passos para criacao de um modelo de simulacao
em doencas de plantas:

e Outputs

ena. 1 -L-2-
Do e e g RO 0 oo et ”




Passos para criacao de um modelo de simulacao
em doencas de plantas:

- Model Teste

- Design de experimentos para avaliacdo do modelo/
Mobilizacdo de dados da literatura

- Comparacao dos dados simulados com dados observados



Exemplo de um modelo epidemiologico
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Simulation allows us to control time. Thus we
can operate the system for several months or
years of experience in a matter of seconds
allowing us to quickly look at long time horizons

or we can slow down phenomena for study. R.
E. Shannon 1998

Obrigado!
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