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g rl cu It urd Digital disruption on the farm

[ ° Managers in the most traditional of industries distrust a promising new technology
D I g I l a May 24th 2014 | From the print edition (&) Timekeeper givo\

INNOVATION is a word that brings to mind small, nimble startups doing clever things with

Leia matéria completa em:

cutting-edge technology. But it is also vital in large, long-established industries—and they do
not come much larger or older than agriculture. Farmers can be among the most hidebound
of managers, so it is no surprise that they are nervous about a new idea called prescriptive
planting, which is set to disrupt their business. In essence, it is a system that tells them with
great precision which seeds to plant and how to cultivate them in each patch of land. It could
be the biggest change to agriculture in rich countries since genetically modified crops. And it

is proving nearly as controversial, since it raises profound questions about who owns the
information on which the service is based. It also plunges stick-in-the-mud farmers into an
unfamiliar world of "big data” and privacy battles


http://www.economist.com/news/business/21602757-managers-most-traditional-industries-distrust-promising-new-technology-digital

/ Terminologia do mundo da modelagem:

MODELO

Um algoritmo representando parte da natureza

MODELAGEM

A arte de construir um modelo

SIMULACAO

A realizacao de um calculo com um modelo

CENARIO

Conjunto das condicoes de contorno de uma
simulacao
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MODELO

« Um modelo é uma representac¢ao simples de um processo
ou fendbmeno mais complexo;

* Parainterpretar dados precisamos sempre de algum tipo
de modelo, implicito ou explicito;

* Modelos variam quanto a
1. Escala
2. Complexidade
3. Tipo (...)

« Um modelo permite entender e prever fendomenos, analisar
sensibilidades, indicar necessidades de pesquisa e
experimentacao, ...




Dimensoes de modelos

* Tempo
* Espaco-1,2,3D

"~
’ﬂ
Flowline models Spatially distributed Spatially distributed
(1D, 2D) models (2D) models (3-D)

Model complexity

>



Constantes, parametros e variaveis

e CONSTANTES - invariaveis no tempo e no espaco
Constantes universais
Constantes locais (p.e., globais)

« PARAMETROS - variam na natureza, mas sio considerados
invaridveis no modelo
» Parametros sao calibraveis

 VARIAVEIS - variam ao longo do tempo e/ou espaco,
dentro de uma simulacao
» Podem ser valores de entrada e/ou de saida do

modelo




Descriptive data
frovm literature,
field knowledge

1. Conceptual
model

Quality of
the fit

Calibration
dataset

Etapas da modelagem:

Laboratory experiments
{ecophysiology)

Statistical literature,
— L
existing models

Evaluation ‘

dataset

Diagnostic
1eE15

Predicted
values

tabels

Predictive

Evaluation

1. Conceituacao
2. Formalizacao
3. Calibracao

4. Teste/Validacao
5. Utilizacao
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CONCEITUACAO do modelo

Etapa descritiva, definindo

> as finalidades do modelo a ser construido
> as variaveis de entrada e de saida

» aresolucdao temporal e espacial
b
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Quadro 2 - Algoritmo Transgenético para o PCCC.

AOTP0, SN LY D

20.
21,
22,
23.
24
25,
26.
27.

eEISLELBR=ES

Gerar populagio de cromossomos
Carregar o banco de informagdes do hospedeiro, BIH
S
repetir
il
repetir
u «— random(m)
se (=) entdo
tel
sendio t «—2
para cada cromossomo
se (t =I) entido
gerar k cadeias e escolher a melhor para compor plasmidio A
("« ataque_plas(C, 1)
sendo
gerar um transposon A
("« ataque_trans(C, A)
fim_se
se (procedimento_p,(C”,C)) entiio
Ce
s¢ (campedo(()) entido
atualiza(BIH.C)
fim_se
fim_para
i— i+l
até (m/B=1)
J B



CALIBRACAO

» Utilizam-se dados experimentais (observagoes) de
variaveis de entrada e de saida

» Ajuste estatistico de parametros (geralmente para
minimizar o RMSE
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VALIDACAO (ou TESTE)

» Verificar o funcionamento do modelo com dados
experimentais diferentes daqueles usados na calibracao

» 0 erro (RMSE) na validag¢dao é um indicador do poder
preditivo do modelo



UTILIZACAO do modelo

» Circunstancial: simulacdo de cenarios de interesse

» Sistematica: andlise de sensibilidade de parametros

» Tendencial: estudo do efeito de alteracdes das condicoes
de contorno segundo tendéncias esperadas

Resolution levels maole] siructures
LITOTS |
gt
! h Simulation |uncertainty analysis|
f' Model model
| oulput [scnsitivity :lnal)Sis]

i
Vo> < |4
ﬁ parameters ’l IE :

!fccdbacks on input data and model faclors| J




Sobre a modelagem:

“Everything should be made as
simple as possible, but not simpler’
Albert Einstein

)

Qualquer modelo do sistema
agricola ou ecologico requer
conhecimento sobre seu
funcionamento, bem como as
condicoes iniciais e de contorno.
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Um SISTEMA - o que
podemos modelar aqui?

Outside Air

N7

Free Convection

<<< on Interior Walls

Known Ground Temperature



0 que podemos
?
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e aqui
modelar
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Processo

modelo
LAND USE RELIEF
*_
caracteristicas

e propriedades

SOIL EROSION
SENSITIVITY

tacao

experimen

SOIL EROSION
RISK
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Sistemas e Escalas




RAIZ - CAPILAR

EXEMPLO DE
UM SISTEMA
E ESCALAS
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TIPOS DE MODELOS:
1 O MoDELO Fisico




TIPOS DE MODELOS:
2 O MODELO EMPIRICO
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TIPOS DE MODELOS:
3 O MODELO MECANISTICO

simulacao dinamica, exemplo “SWAP”

Integrated modeling of the
Soll-Water-Atmosphere-Plant

Atmosphere Mi

system
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A construcao de um modelo (ou: qualquer

processamento computacional de dados) requer
uma plataforma, uma linguagem

Exemplos:

e MS Excel (planilha eletronica)

* Fortran, C, Pascal, ... (compilador de linguagem de
programacao)



Nessa disciplina iremos utilizar o compilador
FORTRAN “Intel® Visual Fortran” acoplado ao
Microsoft Visual Web Developer.

About Microsoft Visual Studio ? X§V
erguct " ngensed to:
OB Visual Studio 2010 shel Microsoft
Microsoft
Microsoft Visual Studio 2010 Microsoft .NET Framework
Versicn 10.0.30319.1 RTMRel Version 4.5.50709 RTMRel
© 2010 Microsoft Corporation, © 2010 Microsoft Corporation.

All rights reserved. All rights reserved,

Installed products:

Microsoft Visual Web Developer 2010 01011-532-2002361-70933 \ Copy Info [
Intel(R) Visual Fortran  Package ID: w_fcompxe_2013_sp1.5.239 —

‘ System Info ‘

oo

Product details:
Microsoft Visual Web Developer 2010




File Edit View Debug Tools Window Help
R i o™ - NI e G e < e Y

Start Page X

O® Visual Studio 2010 shel

Recent Projects

5] DSSAT Simples
2 WinApp2

3 BHSimples

:3 Console7

Ig Consoleb

2 Console5

[od MKSWAPClim

[od ReadBAL

1; SwaplINCreader
12 Consoled

[¥] Close page after project load

[¥] Show page on startup

Get Started

Welcome

A janela inicial do compilador

e

Guidance and Resaurces Latest News

Windows Web Cloud Office SharePoint Data

What's New in Visual Studio 2010
Learn about the new features included in this release,
Visual Studio 2010 Overview

What's New in \NET Framework 4
Customize the Visual Studio Start Page

= Creating Applications with Visual Studio
;: = Extending Visual Studio
7? Community and Learning Resources

] z
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O nosso projeto / modelo inicial:

Mome

ﬂ Debug
|| DSSAT Simples

& DSSAT Simples.afproj

Data de modificag...

15/02/2018 11:03
14/02/2018 16:37
15/02/2018 11:05
15/02/2018 11:05

Tipo

Pasta de arquivos

Pasta de arquivos

Microsoft Visual 5...

Intel Fortran Proje...

Tamanho

1KB
3KB
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An Approach for Modular
Crop Model Development
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Main Program

| Start I

Solution Explorer

:; Solution 'DSSAT Simples' (1 proje
4[] DSSAT Simples

Plant Module

Initialization

Rate Calculations

y

Daily Time Step Loop

Integration .
Initialization = [ Header Files
Output [ Resource Files
v Close 4 | SourceFiles
Rate Main.for
Calculations Weather Module Plant.for
e Sw.for
Initialization

Weathr.for

Y
Integration Rate Calculations
Close
Output .
P Soil Water Module
v Initialization
Close Rate Calculations
Integration
r Output
End
n Close

Figure 1. Modular Structure
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=l PROGRAM MAIN

USE DFLIB
IMPLICIT MNOMNE

REAL LAI, SWFACL, SWFAC2

REAL SRAD, TMAX, TMIN, PAR, RAIN
INTEGER DOY,DOYP, endsim
INTEGER FROP, IPRINT

B T e e e L T T e e
R T T I T T T T I I T T I T T T I T T T T T T T T T T T T TS T T TTT I T IITIT

! INITIALTIZATION AND INPUT OF DATA
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! INITIALTZATION AND INPUT OF DATA

Bttt ]

S 3k S o e ok o e die e e e ok e 3 ok ok i o ke e e o e o ok e s o ok e e e e o o ke e e ke ok o o ok ok e

LL OPENF{DOYP, FROP)

-

CALL WEATHR(SRAD,TMAX,TMIN,RAIN,PAR, 'INITIAL ')

 DOY, LAI, RAIN, SRAD, TMAX, TMIN,
fl swrAC1, sWFAC2,
i "INITIAL ')

CALL PLANT({DOY, endsim, TMAX, TMIN,
R PAR, SWFAC1, SWFAC2,
B oLar,

"INITIAL ")

DO 508 DOY = @,1000
IF (DOY .NE. @) THEN

CALL WEATHR(SRAD, TMAX, TMIN,RAIN,PAI

| dededededededededededededeeeeedeedeede e e ek e e e e e e e e e e

I Input
IOutput
IControl

R R R N R R R R R R R R R R RN R R AR R R I E R XA EE XN R EEE

= SUBROUTINE OPENF (DOYP)

= This subroutipe opens the simulation control file, and reads date of
= planting (DOYP)
%
%

SIMCTRL.INP =} date of planting, frequency of printout

******************i****************************************************

= SUBROUTINE OPENF(DOYP, FROP

IMPLICIT MNOMNE
INTEGER DOYP, FROP

OPEN (UNIT=8, FILE='SIMCTRL.INP',STATUS="UNKNOWN')
READ(8,5) DOYP, FROP

IF (FROP .LE. @) FROP = 1
5 FORMAT(2I6) " | SIMCTRLINP
CLOSE(8)
121 3
e DOYP FROP o
RETURN

END SUBROUTIME OPENF

CkdkkkdmkkRkkkkR kR R R Rk kR R R R Rk Rk R Rk Rk kR g Rt kR Rk
FEEF R R R R FFFE IR R R R FFFFFEE R R R R R FF I FFF R R R R I I IR R R R R R IR R R R R R R E R E R
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|
! INITIALTZATION AND INPUT OF DATA
|

EE R LR e L E L P P R E E e e P P E e R R e e e L e e R E e L E e L R R e E B e e e b e T

CALL OPENF(DOYP, FROP)

CALL WEATHR(SRAD,TMAX,TMIN,RAIN,PAR, 'INITIAL ')

, TMAX, TMIN, I Input
fl sSWFACL, SWFAC2, lOutput
i "INITIAL ') I Control

\4
CALL PLANT(DOY, endsim, TMAX, TMIN,

Bl par, SWFACL, SWFAC2, c) SUBROUTINE Sh(
DOY, LAI, RAIN, SRAD, TMAX, TMIN, ! Input
LAT,
\ , B SWFACL, SWFAC2, loutput
E INITIAL ) DYN) IControl

IMPLICIT NONE
! DAILY TIME LOOP SAVE

D0 S@@ DOY = a_,lm INTEGER  DATE, DOY

REAL SRAD, TMAX, TMIN, RAIN, SWC, INF, IRR, ROF,ESa, EPa, DRNp
IF (DOY .NE. ®) THEN REAL DRN,DP,WPp,FCp,STp,WP,FC,5T,ESp, EPp,ETp, LAI
CHARACTER*1@ DYN
v
CALL WEATHR(SRAD,TMAX, TMIN,RAIN,PAR, 'RA REAL CN, SWFAC1, SWFAC2, POTINF

REAL SWC_INIT, TRAIN, TIRR, TESA, TEPA, TROF, TDRN
REAL TINF, SWC_ADI

! FkdkdkFFrxxxkrrrFFkkkFFFx kX FFFFr kxR E IRk kR F R F XXX FF | e ke e e 3 e 3k e o 3 3 3 e i e gk e i o e e ok de ok dke e ok e ke ok ok ok e ke e ke ok ke ok o ok e ok e 3k e sk o ok o ok o ok i o e ok ke ok ke ke ke ke ke ke e ok e ok
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! INITIALIZATION
I e e e e T L L LR

IF (INDEX(DYN, 'INITIAL') .NE. @) THEN

| EEERERE R R R R R EEEES FEFE R R R R R R R R R AR IR R RE
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i _

/

| | SIMCTRLINP Seil.inp

2.86 @.17 @.28 145 . 6aa @.1a 55.88 248.5
WPp FCp STp DP DRNp N SWC
(em3/cm3) (em3/cm3) (cm3/cm3) (em) (frac/d) - {mm)

Table 2 — Input data read for soil water balance module
Variable
Name Definition Units
CN Runoff curve number --
DP Depth of soil profile cm
DRNp Daily drainage percentage (fraction of void space) 1/day
FCp Soil water content at field capacity (fraction of void space) | cm’/em’
STp Soil water content saturation (fraction of void space) cm’/em’
SWC Soil water content in the profile (value read from file

represents 1nitial soil water content) mm
WPp Soil water content at wilting point (fraction of void space) cm’/em’




5.3 Integration

I'he mtegration portion of the soil water balance module updates the value of the soil
water content based on the computed values of infiltration (INF). soil evaporation
(ESa). plant ranspiration (EPa). and vertical drainage (DRN):

SWC = SWC + (INF -

the computed vate s imie. 4-0 Plant growth module (PLANT.FOR) ......
S 4.1 Initialization..........cooevveeeeeeeeeennnn,
4.2 Rate calculations..................oo....
4.3 Integration...........ooeeeeiiiiiiieeeeininnn.
4.4 Output....oooiiie e
4.5 CloSe. e

5.0 Soi1l Water Balance Module (SW.FOR) ..
5.1 Initialization.............cooooeeeeinnne..
5.2 Rate calculations................c.
5.3 Integration...........coooevvvvieeeeeennne,
5.4 Output.....oiiiiiee e,
5.5 CloS€. v
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Variaveis de estado (State variables) Biomassa Y (kg/ha)
Varidveis de taxa (Rate variables) Taxa de crescimento
dY/dt (kg/ha/d)
Integracao Y., =Y, +dY/dt * dt (kg/ha)
estado taxa P

tempo



