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AgM+net
International Summer School in
agrometeorology and crop modelling

Book of lectures and exercises



Introduction
Challenges in agrometeorological research and application
Agrometeorology: from fundamental to applied

Agrometeorological models, fundamentals

Topic 1 — Agrometeorology
Crop growth factors: radiation, energy balance, and temperature
Crop growth factors: water and water balance
Impact of weather extremes on crop growth and adaptation options
Measuring microclimates: challenges and applications

Physics of the boundary layer

Topic 2 — Numeric Weather Prediction

Parameterization of processes in soil-vegetation-atmosphere transfer schemes:
water and energy balance

Building SVAT models: epistemiological features
Building SVAT models: an example with the LAPS scheme

Building SVAT models: links with other models

Topic 3 - AquaCrop
AqguaCrop model: fundamentals and database management

AquaCrop manuals

Results - Presentations by students

Agrometeorological measurements

Numeric Weather Prediction

AquaCrop modelling



POLJOPRIVREDNI
FAKULTET
UNIVERZITET U

I;IFS;/OMSADU Serbia for Excell

A —— H2020-TWINN-2015
UNIVERSITA
DEGLI STUDI
FIRENZE

DISPAA

DIPARTWENTO DI SCIENZE DELLE
PROCUTIONI AGROALMENTAR!
ECRUAMBENTE

UNIVERSITAET FUER

@KU \B/\%EEINKULTUR

EUROPEAN

- COMMISSION
Horizon 2020
EUROPEAN UNION FUNOING

PRI N on

AgMnet INTERNATIONAL
SUMMER SCHOOL

IN AGROMETEOROLOGY

AND CROP MODELLING

27 June - 01 July 2016
Novi Sad, SERBIA

ling (theory and training)
ogical mon

dels
From theory to practice in agrometeorology
ment and management

Capacity building

Menagement
L
£U Commission
| KU WP2 wP3

Networking and

of Excellence.

impact algorithms
+From theory to practice in
agrometeorology

roject development and management

O Serbia for Excell OPENNING
Summer School, Novi Sad, June 2016

Plant abiotic stress
tolerance

patial distribution of
precipitation

SEREIIEORIEGEN

Atmosphere-soil-plant
turbulent transfer

weather prediction in
assessing environmental
conditions for appearance
of harmful organisms

RESEARCH TOPIC

Serbia for Excell OPENNING
Summer School, Novi Sad, June 2016

PROJECT PLAN
"... is just a wishful thinking if goals are not achievable"

Armenia, Austria, Bosnia and Herzegovina, Bulgaria, Croatia, Czech Republic, Hungary,
Italy, Republic of Macedonia and Turkey.

O Serbia for Excell INTRODUCTION
Summer School, Novi Sad, June 2016

I wish you hard work, luck of sleep,
endless discussions, new ideas, good
energy & beautiful weather ...

EVERYTHING ELSE WILL COME BY
ITS OWN!
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Josef Eitzinger
Institut fiir Meteorologie, Universitit fiir Bodenkultur, Wien
E-mail: josef.eitzinger@boku.ac.at
http://www.boku.ac.at/

With special thanks to Federica Rossi (Italy) and Branka Lalic (Serbia) for providing some slides
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Agrometeorology
plays an increasing important role
in agriculture and food production !

Why?
Global change
leads to
higher risks in agricultural production
and less resources for more people.

The top 100 questions of importance to
the future of global agriculture

J. Pretty etal., Int. J. Agric. Sust. 8(4), 2010, 219-236

Agriculture unprecedented combination of
drivers is population growth, dietary shifts,
energy and resource unsecurity, climate
change and variability.

The goal is no longer simply to maximize
productivity, but to optimize across a far more
complex landscape of production, rural
development, environmental, social, economic
outcomes.

Synergies and dialogue between policies,
social, environmental, economic are
fundamental to prioritize investments and
research efforts.

The top 100 questions of importance to
the future of global agriculture

2600 Km3 globally withdrawn to irrigation: in some
Countries 80% of water resources are diverted to
agriculture (share variable), with increasing competition
for urban and industrial usage. In some Country the
importance is such that in absence great economic
hardship would occur with potential for land
abandonment.

Increasing demand (rising population, rising incomes,
diet shifts to more water-intensive products) and
uncertainties (climate).

Interventions required across scales: field — communities - watershed,
catchcements - river basins with focus to increase “green” and “blue” water
productivity.

How to optimize the allocation (agriculture, environmental functions)?

What approaches to develop to increase water-use efficiency, and their cost-
effectiveness?

The top 100 questions of importance to
the future of global agriculture

Markets and consumption: food supply chain, food standards, LCA, energy,
C footprint, environmental impact.

As energy prices rise, how can agriculture increase its efficiency and use
fewer inputs to become economically sustainable and environmentally
sensitive, yet still feed a growing population?

Agricultural development: networking, solidarity, reciprocity and exchange,
farmer participation in technological development.

Farmers involvement enables novel technologies and practices to be learned
directly, adopted and adapted. Agricultural, Weather, Climate, Water Sevices
services are vital elements to address needs and provide support and critical
advises.

peteloped cotniries Change in cereal production under three

1% different GCM equilibrium scenarios
in percent from base estimated in 2060
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‘Why family (traditional) farms are so important
for global food security and welfare of countries ?

Family farms produce about 80 percent of the world's food.

84% are smaller than two hectares.

Farms above 50 hectares occupy two-thirds of global farm land.

In low-income countries, farms smaller than five hectares
occupy up to 70% of farm land.

Global crop suitability

=y g b
5-18

§ .* S
4659 i 2 .

E 2005 vs 2055
In most developing countries farms are becoming U et % PN
smaller and smaller. W o ww awwonees o
FAO, 2014 Lane and Jarvis, 2007
Climate change impacts on crop yields in Africa 2030 vs. 2000
(20 GCMs ensemble mean) Challenges for
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(Lobell et al., 2008. Science)

operational agrometeorological application
and future research

* Monitoring activities:
Real time and forecasts (drought, extreme weather etc.)

* Decision Support Systems:
Application and user oriented, economic, short and long term focus

* Climate Mapping:
High spatial resolution, considering climate change and crop specific aspects

« Improving and combining the tools:
R te Sensing, GIS, agr logical , crop and irrigation models,
measurement systems, data transfer and processing etc.

Improving, optimising, ....

..... by increasing the efficient
use of inputs
(fertilizer, machinery, ...) and
natural resources
(soil, water, crop,
microclimate)

. Activity 2.2: Fg
The Seventh Framework Programme =
Theme 2: Food, Agriculture and Biotechnology

O Nutritional'value ¢/d
Qo‘* " health impacts
O((\ Organoleptic impact
Q(

Safe, high-quality foods

Preparation Enabling research

Storage / transport / retail«

—
Processing «—

Production systems:
Agriculture / Fisheries / Aquaculture (' ’
RTD/E. 2L




WHY DSS??

Awareness of the risk

Wity

Passive protection

selection

WHY FARMERS NEED PREVISIONS ?
Awareness of the risk
Active protection

probability for a frost tonight? Can the
al levels predicted compromize my crops

IR K
A4

Forecasting weather ...

NWP products of interest in
agrometeorology

{

« Short-range weather forecast (out to 5 days)

« Medium-range weather forecast (out to 15

days)

« Monthly forecast (10 to 30 days)

« Seasonal forecast (out to 7 months)

« Climate model simulations (decades) @)
=7

Source: Republic Hydrometeorological Service of Serbia
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Lalic, EMS11, September 2011, Berlin, Germany

National Weather Service

Watches, Warnings & Advisori
recast by "City, " or 2 code (SN ME

Frost Advisory

Proteccion
contra

las heladas:

% fundamentos;

i S practica

Servizio Alert . ¥ economia
Previsione delle gelate ANGELA

Iscrivital senvizio (@) s 3 ]

« Forecast of night temperatures depending on foreseen weather
conditions and on temperature at sunset. At 10.00 and 01.00
forecasted temperatures and measured temperatures are checked.

« In case of temperatures below 0 °C, a SMS is sent to all registered

- n

On site measurements are crucial for
many agrometeorological applications
(e.g. crop protection)

Meteorology-agrometeorology-earth observations

GIS + Earth_
observation

To improve production (yield, quality)

Support GAPs

To reduce risks and impacts, to ensure stability
and safety

To improve multifunctionality and agro-
ecosystem services
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Feb 2008 (1 month)

GPCC first—guess analysis
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Example of ADA water and heat stress indicators
(conditions: medium soil, grassland, Ternitz 2012-2014)
1000.0
900.0 —— Combined Water+Heat Stress Indicator (no unit)
Water Stress Indicator (in % of available soil water depletion)
800.0 | < Daily Heat Stress Indicator (100*°C > 32°C)
700.0
600.0
500.0
400.0
300.0 = | t
[ sehr stark [ stark [] moderat
SPl<=2 —2<SPl<=-1.5 —1.5<SP1<=-1 200.0 w
GRAD DER TROCKENHEIT 100.0 J
00 L PRVLVAP /i AT //VM Aseaioe o
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Drought monitoring AR R E R B EEEREEREEEH
(Source: Susnik, Drought Management Center for South eastern Europe
(DMCSEE); www.dmcsee.org)
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Number of days with Tmax > 32°C
01.06.2015 - 27.07.2015
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Agro Drought Austria

Y Pllanzenbestand:
O Erragsdepression. ® Wterveizen

x O Sommergerste
O Msis

O Zuckerrbe

B Parameter:
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Relative Bodenwasserstigung []
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ADA Web-Interface

~ Combination of
' spatial data bases:
High resolution
water balance

Example: Surface Soil Moisture ASCAT Scatterometer 500m
Vs. Soil map

Importance of ground truth data:
Transect measurements for high resolution
spatial climate mapping

ETgages:

placed in 20m
and 80 m
distance from
the hedgerow
(lee side)




Wineyard conditions (climatic terroir): Remote Sensing Methods:
Daily air humidity in June at 0.5 m (mean 1990-2009)

” Improving knowledge on spatial variabilites of surface
conditions

Below: Spatial soil varibilities (Hymap, Marchfeld)
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Ohne Zunahme von Extremereignissen !

. g ohne COj effekt mit CO, effekt
Variation =
Winterweizen- 5 104
ertrag £ ]
E 2020er 2050er
Jahr 2005 £ 09
2020¢
Rutzendorf, E i er 2050er 2080er
Marchfeld 4 I ECHAM4
£ -10 H [ ] Hacm2
E I CGOM!
Nord -Ost Osterreich 3 - [ CSIRO-MK2b
< [E—EIE
0 220 - Modellierte Klimaszenarien
0 25 5  100m 2 07 . .
—_—— Crop model applications
Ertragsmessung _ 1o
Winterweizen (dt/ha) é
. <a0 T 20 o . .
o Z | E— Climate change impacts

s1-65 4 [ ] Hadom2
10 | — on winter wheat yields

[ CSIRO-MK2b
|1 eLris . .

40 in Austria
(Alexandrov and Eitzinger, 2001)

. >80
——— Schlaggrenzen

B saumstreifen
Schaupenlehner et al., 2008

Mnimum vs Conventons Titage
15011550

Increase of water stress
(simulated for spring barley - eastern Austria

s

present conditions HadCM high climate sensitivity =~ HadCM low climate sensitivity

2050 Spring wheat yield change (%)

between minimum and
conventional tillage for baseline
(1961-1990)

and climate change scenario
(2041-2050 HADCM3-A2)
(Simota, 2009)

1-13

W 1416

[ LAt

B8

0 500010000 20000 Meters (Thaler et al., 2008)

Spatial scale: 1:25000 digital soil map — 5 soil classes




Difference between date of the last frost with
the return probability 2 and 20 years

ESWRS

RCM - Frost risk (Agriclim)

Late frost window

Late frost window/

Legend: [days]

=0

i ee
Median = 14 days Median = 16 days
Min = 6 days Min = 7 days
Max = 38 days Max = 33 days

31

ES@WNY

RCM - Sowing conditons (early spring)

Probability of suitable conditions for soviing; 2 year recurrence Probabilty of suitable conditions for sowing: 2 year recurrence
Legend: [%]

PRESENT

T Sk Earm i B T S 42 ) G ek T GO

S S S e g L2 B e i P A A1)

Median = 16% Median = 16%
Min = 0% Min = 0%
Max = 53% Max = 60%

32

Potential deviations between crop models — simulated yield

MAIZE — Minimum Soil Cultivation
Site A - 2003 Site A - 2004
T4 | €2 | Tt2 | Tt4 | T4P | t4P [TC2P|Tt4P| P T4 | €2 | Tt2 | Tt4 [T4P | t4P (T2P|Tt4P| P
DSSAT 154 [ 105 ] 130 158 | 343 | 322 2 | 376 206 240|221 | 230|283 | -25 | 223|237 284 | 10
EPIC 65| 4 | 27| 54 | 450|443 451 | 47 | 435 62|46 | 41| 21 |127] 31 [ 83| o [ 73
WOFOST | -153 60 | -111[ 235 553 -105) 52 | 83 | 169|161 11| 14 | 24| 5
AQUACROP | 41 | 37 | 45 [ 58 06 | 19| 24| 28 | -135| 18] 125 | 133 | 121
FASSET 2 | 2 | 2 |51 |-222]222]-222( 244222 48 | 48| 48| 78 | 58 | 58 [ 58 | 02 | 08
HERMES 2 2 2 | 13 | 262|262 262 -306 [ 351 39 | 39 | 39 | 28| 37| -7 | a7 [-234] 11
CROPSYST | 56 [ 85 | 47 [ 51 |-111[ 51| 86 [-102] 74 55| 28 | 12| 37 | 155] 114|136 146 -13
mean 7 |t [ 48 | 25 [ a9 307 407 | 455 308 69 | a2 | 54 | 02 | 432| 99 | 117|972 81
Site B - 2003 Site B - 2004
DSSAT [ a5 [ 07 [ 20 06 [ 06| 01| o [-158] 13 [aa]52] 142
EPIC 8 | 11| 46 6 | 16 | 25| 6 |-165[-108]-141]-176]-111
WOFOST 81| o5 188 21 | 27| 67 | 221 205|207 | 236 | 48
AQUACROP| 4 | 63| 78 07| 02| 03] 00| 43 |408|418]-405]| 40
FASSET 29 | 29| 29 15| 15| -15] 11 [ -06] 06| -06] 04 1
HERMES 63| 63| 63 63 | 63|63 |72
CROPSYST | 74 [ 06 | 52 16| 37 | 44| 9 78 58 249
mean <178 | 27 | a5 | 78 |59 | sa2[ 08| 60 | ass]| 46 | 12 | 06 | 22 |-107| 84 | 05 [-108] 75

Crop model applications — understanding uncertainties is crucial !
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"Be very, very careful what you put into that head,
because you will never, ever get it out".

Thomas Cardinal Wolsey (1471-1530)

Agrometeorology is an interdisciplinary holistic science
which is a real bridge between physical and biological
sciences

Effects of CC, EWE, chronic undernourishment (805 million
in the world 2012-2014 (FAO, 2014)) ...

Agrometeorology - inevitable element of the solution

Land-Only Temperature Anomalies Dec 2013-Feb 2014
(with respect to a 1981-2010 base period)
Data Source: GHCN-M version 3.2.2
= -

Land-Only Temperature Departure from Average Dec 2014-Feb 2015
(with respect to a 1981-2010 base period)

Data Source: GHCN-M version 3.2.2

= -

- 5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -2 -1 0 1 2 3 4 5
! w‘, NOAA's National Climatic Data Center Degrees Celsius Please Note: Gray areas represent missing data i\ §) NOAA's National Climatic Data Center Degrees Celsius Please Note: Gray areas represent missing data
23.-22. May FOYEFAVERLEE T8t nce, Temisoara (Romenia) Lol 23.-28. May $B1E9HR CROH EST&Ence, Temisoara (Romenia) B
Land-Only Temperature Departure from Average Dec 2015-Feb 2016
(with respect to a 1981-2010 base period)
Data Source: GHCNM v3.3.0
Region Dates  Change (days)
N 13.03.2015.
Novisad 94012016 "%
B a ¢ k a| 19.03.2015. 58
Topola 20.01.2016. )
panceve i:gi:gi: e GROWING PROBLEM
e 22.02.2015. 53
31.12.2015.* Shift in appearance of "four tillers
03.03.2015. detectable” - growing stage of winter wheat
@, -5 -4 3 2 -1 0 1 2 3 4 5 Sombor 21.12.2016. -73 in Serbia (Source: PIS Serbia).
[ National Centers for Environmental Information Degrees Celsius Please Note: Gray areas represent missing data *
23.-22, May P15 1A BREREST S ce, Temisoara (Romenia) Map Projection: Robinson 23.-28Wiay 2076 7th CASEE Conference, Temisoara (Romena]
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"Be very, very careful what you put into that head,

because you will never, ever get it out".

Region Dates Change (days)
. 13.03.2015.

Novised [s012016| "8

B a & k a 19.03.2015. 58

Topola 20.01.2016. )

Panéevo gggigi: -26

Ruma 22.02.2015. s GROWING PROBLEM
31.12.2015.* Shift in appearance of "four tillers
03.03.2015. detectable” - growing stage of winter wheat

Sombor 21.12.2016. -73 in Serbia (Source: PIS Serbia).

*
23.-24.Way 2016 7th CASEE Conference, Temisoara (Romenia)
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"Be very, very careful what you put into that head,

s Questions = No answers
& Discussions = No conclusions

because you will never, ever get it out".

Thomas Cardinal Wolsey (1471-1530)

& “Uncover" AgM — related misunderstandings and
misconceptions

s “EXPERIMENT-THEORY-PRACTICE”— CONCEPT OF ALL TIMES

# AgM version of “The Hitchhiker's Guide to the Galaxy”

or

& “What ever modeler/data user should have in mind?”

INTRODUCTION

r' Serbia for Excell

MISUNDERSTANDINGS, MISCONCEPTIONS, LACK OF DATA REPRESENTATIVENESS ...

Summer School, Novi Sad, June 2016

Often it looks like interdisciplinarity, it behaves like interdisciplinarity

- but it is not:
& BIG DATA issue
s data used from nearest I
station — “purpose not "... we are from
included” 4 satelite data atmospheric sciences. We
had been working with
U U‘ big data from the

beginning of time"

PLEASE
HANDLE WITH CARE

Swr

HINK

D.R. Fitzjarrald, personal

FRAGILE| communication
[ e ]

OBSERVE

'ROCEED,

r Serbia for Excell

INTRODUCTION

Summer School, Novi Sad, June 2016

“EXPERIMENT-THEORY-PRACTICE” , P.L. Kapitza

"... discrepancy between the
development of theoretical and
experimental research and lack
of the necessary link between
theory and practice."

aa

"This is how the
disproportion arises between
the amount of theoretical
work and the possibility of
subjecting it to experimental
investigation: a theoretician
may well produce several
papers per year, say four,

b 4 but to do the experimental

checking, a year or eighteen
onths is usually required
group of, shall we say,
ersons has to work on
each.”

r Serbia for Excell

AIR TEMPERATURE & HUMIDITY =
PLANT TEMPERATURE & “"HUMIDITY"

INTRODUCTION
Summer School, Novi Sad, June 2016

"The Hitchhiker's Guide to the Galaxy”

What is environmental temperature
for “on-canopy” leaving organisms?

INTRODUCTION

r’ Serbia for Excell

LAI = ALBEDO

Summer School, Novi Sad, June 2016

"The Hitchhiker's Guide to the Galaxy”
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Moore, K. E., D. R. Fitzjarrald, R. K. Sakai, M. L. Goulden, J. W. Munger, S. C. Wofsy, 1996: Seasonal Variation in Radiative

and Turbulent Exchange at a Deciduous Forest in Central

Journal of Applied ,35 (1), 122-134.
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LAI =2 PHOTOSYNTHESYS

"The Hitchhiker's Guide to the Galaxy”
CALCULATION

A (mol m? d‘1)

4 PP 3200 paol s

T PP =313 ol s

Leaf area index . .

300 03 04 05
PAR fumol m s 'y LAD(2)

Predictions of canopy-level CO, assimilation rate (Ac) as a function of LAI (panel A) and
GPP as a function of LAD (panel B). Ac was predicted using the biochemical models of
Farquhar and von Caemmerer (1982) coupled to three different types of canopy flux
models; a big-leaf model, a multiple layer model, and a sun/shade big-leaf model.

Monson, R., i, D., 2014: Tey Fluxes. Cambridge University Press, pp. 518.
Firanj, A,, Lalic, B., Podrascanin, Z., (2014) The Impact of Forest Architecture Parameterization on GPP
simulations. Theoretical and Applied Climatology, 121, 3, 529-544

r Serbia for Excell

TURBULENT TRANSFER OF CO2 = NEE

INTRODUCTION
Summer School, Novi Sad, June 2016

"The Hitchhiker's Guide to the Galaxy”

JoN . AVG
The net exchange of CO, between the
atmosphere and the canopy can be
formulated as the sum of all sources and
sinks of this gas within the inside the
layer in which turbulent transport
occurs.

Height (m]
T
L
T
L
T
L

T
1
T
I
T
!

NEE f —6S‘ = d.
= = dz
o

Ll L L
380 400 420 440 380 400 420 440 380 400 420 4o
€0, [ppm]

. = aC 2z aC = o9C
NEE = —d. —d: —d:
(wc):’ + { P z + {waz z + { P /z

turbulent transport  change in stored gas concentration flux in vertical

and horizontal direction non turbulent

Serbia for Excell INTRODUCTION

Summer School, Novi Sad, June 2016

TURBULENT DIFUSION = Venturia "The Hitchhiker's Guide to the Galaxy”

i lis spatial distr
dC(x,2) _ 9 9C(x,2) ]
Uz) =522 = 2 | K(z) =22 . - .
i (2) 9% % (2) % +vs+ Cx2)| — G(2) - C(x,2)
30 3|
2
2 fins
: 5
—~1
£ 3840
%’ ° Q. o o
] B E
T N . b 2
2| o o
N e ° ,\:\%\ \ED
, e PRl N
0 1000 2000 3000
0 .S Concentration, C (ascospores m~3)
o 2 4 6 8 10

Normalized concentration, C/C1

Aylor, D.E., 1995: Vertical Variation of Aerial Concentration of Venturia inaequalis Ascospores in an Apple
Orchard, Ecology and Epidemiology, Vol. 85, No. 2, 175-181.
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Effects of CC, EWE, chronic undernourishment (805 million in the
world 2012-2014 (FAO, 2014)) ...

... inevitable element of the solution

4 How much of current results is already applied?

s Are we aware about limitations and/or weaknesses of our
results?

= Are we aware about real or potential users of our results?

INTRODUCTION
Summer School, Novi Sad, June 2016

O Serbia for Excell

"Be very, very careful what you put into that head,
because you will never, ever get it out".

Thomas Cardinal Wolsey (1471-1530)

Questions for audience

* how much of our results is “in use”?

* why policy makers and users are often not interested?

¢ how much we go public?

* are we aware about real/potential users of our results?

¢ are we aware about limitations and/or weaknesses of our
results?

* how much do we know about data which we are using for
modeling, to make conclusion and decisions?
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CROP MODELLING
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What is a models?

A model is a simplified representation of a system.
A system is a well-defined part of the real world.

In agronomy a system can be:

* a crop with all its organs (roots, stems, leaves) and its processes
and mechanisms (growth, development, photosynthesis,
transpiration, etc.)

+ The development of a pathogen and its negative effects on a
crop
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What is a models?

The construction of a model consists in the identification of a
series of mathematical equations by which it is possible to
reproduce in the most faithful possible way the behaviour of the
examined system

The main advantage is related to the possibility of applying
models under agricultural conditions, cultivation and management
different from those where models were developed

CROP MODELLING
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Why to use models?
Models and measurements. ..
“Nobody believes in simulation models except their developers...

Everybody believes in experimental data except who collected
them”

(Gaylon S. Campbell)

Confalonieri R, Di.Pro.Ve. — University of Milano
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The scientific method...

Make observations Galileo Galilei (1564 - 1642)
Collect information

Formulate hypotheses about why things are the way they are

Deriving predictions

Carrying out experiments based on those predictions

a kN =

What does it mean?
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Make measurements:

1. Determine sample size and schemes
2. Collect samples

3. Store samples

4. Analyse samples

Record data in a meaningful way
6. Process data

7. Interpret data

In each of these steps, it is possible to make mistakes ., ...z bipro ve. - University of iano
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The reality

* Need of quick information (near real time) about what is happening in a
given situation or what will change in the system as a result of perturbative
events (scenario analysis)

+ Limited resources for direct observations (especially on regional scale
assessments)

Confalonieri R, Di.Pro.Ve. — University of Milano
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Are then models substitutes of direct observation?

Observations

* Models development
* Models set up
* Input to models

* Interpretation of data
* Guide to data collection

Simulation models of
agrocultural systems

The answer is obviously NO

Confalonieri R, Di.Pro.Ve. — University of Milano
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Extended scientific method

Observed data

Experiments

HYPOTHESIS Simulation

Simulated data

Simulation models can be considered a tool to extend the scientific method

Confalonieri R, Di.Pro.Ve. — University of Milano
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Why to use models to study the reality?

+ The states of the system may not be observable, if not with extreme difficulty
+ Traditional experiments can damage the system
* The conditions that you want to test may not be practicable

* The time required for experiments can be very long, or experiments can be
very expensive

» The number of conditions to be evaluated can be very high

CROP MODELLING
Summer School, Novi Sad, June 2016

Sectors of application
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Crop growth and development

Crop productivity

Water balance

Protection from environmental adversities (extreme events, drought, etc.)
Protection from biological adversities (pests and diseases)

Climate change

Generation of missing data

AN N N Y N N NN

Spatial and temporal interpolation
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General benefits

o Better understanding of physical and biological processes

o Organization of the available knowledge and identification of gaps and future
research objectives

o Manipulations on the real system to test hypotheses about how it works

o Evaluation of possible external interventions to change the behaviour of the
system

o Application as a didactic tool to illustrate the structure and behavior of the
system
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General critics

o Anticipation of operational application procedures
o Limited procedures of verification and validation
o Lack of input

o Excessive expectations in respect of the benefits, especially in relation to an
application without the control by experts in the field

r Serbia for Excell

Models classification

CROP MODELLING
Summer School, Novi Sad, June 2016

Empirical o descriptive (based on collected data)

Mechanistic or explicative (developed from a theory)

Static (fixed relations) // Dynamic (evolution in time)

Deterministic (single result: fixed input) \I—- k
Stochastic (probabilities: variable input)
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Empirical models

Empirical models describe in a simplified way the behaviour of a crop.

The development of an empirical model is based on the identification,
starting from experimental data, of one or more mathematical
equations able to represent the process examined

Experimental

e e dlY = 2 +bx [laud

Model
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Empirical models
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A simple empirical model is the exponential mathematical function that describes
the increase in dry weight of a plant in time

This function is based on the simple observation that, up to a certain stage of the
biological cycle, the relative growth rate assumes a constant value over time

20
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Dry weight (Y)
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0

1 2 3 4 5 6 7
Month (X)

It describes the process (growth), but does not explain any of the
physiological mechanisms that govern it
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Mechanistic models
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Mechanistic models describe and explain a specific phenomenon based
on the fundamental mechanisms that govern the functioning of the
system

For example, the increase of the dry weight can be described by a
series of more complex functions, each of which takes account of
smaller sub-processes, such as the influence of the ecophysiological
characteristics of the species on light interception, on photosynthetic
process, on the production of assimilates and, therefore, on the increase
of dry weight

The resulting pattern is quite complex, but (theoretically) able to predict
the growth of a plant regardless the environmental conditions

O Serbia for Excell

Empirical Mechanistic
approach approach
Exper@ @pﬁons

Mathematical
model
Equations
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Empirical vs.
Mechanistic approach

Experimental

system

Solution

Comparison
test and
model
validation

Data produced

Experimental
by the model

data

l
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Static and dynamic models
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Static models: they represent relationships between variables that do
not change with time, and then you know the final value only and not
the trend over time (e.g. regression models)

Dynamic models: contain the time as an explicit variable. Describe the
way in which the system changes over time (e.g. disease simulation
models)
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Deterministic and stochastic models

Deterministic models: make a prediction providing as output a numeric
value without giving any measure of its probability distribution. The
input variables assume fixed values. It does not take into account the
uncertainty associated with the input variables

Stochastic models: (stochastic = due to chance, random) take into
account the variations (causal or not) of the input variables, and then
provide results in terms of "probability”

It is important to emphasize that what differentiates the deterministic
models by stochastic ones is that in the latter is taken into account the
variability of the input data.

CROP MODELLING
Summer School, Novi Sad, June 2016

O Serbia for Excell

Conceptual phase
Objectives formulation

Limits definition
Conceptualization of the system and identification of elements

Understanding phase
Real data gathering (literature, experiments)

Model formulation
Model verification (comparison with data used for its development)

Summary phase

Validation (against independent data)

Sensitivity analysis

Simplification

Formulation of decisional rules for crop management
Program implementation

Confalonieri R, Di.Pro.Ve. — University of Milano
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Application of a simulation model

1. Choice of the type of model

2. Identification and quantification of the processes to simulate
3. Calibration

4. Assessment of potentials (validation and sensitivity analysis)

5. Application

Confalonieri R, Di.Pro.Ve. — University of Milano

O Serbia for Excell

CROP MODELLING
Summer School, Novi Sad, June 2016

1. Choice of the type of model

Whatever the specific application for which the use of a simulation model is
required, it is necessary:

. To clearly identify goals (what my model should exactly do?) and the conditions
of application (scale of application, data availability, etc. )

N

. To derive a quantitative criterion for assessing the different models according to
their suitability

w

. Use the criterion obtained to order models

4. Choose the most suitable model for the specific application (the best model for
that goal, and in those conditions)

w

. Critically use the model chosen

CROP MODELLING
Summer School, Novi Sad, June 2016

O Serbia for Excell

Capacity to
understand the
system

1. Choice of the type of model

Empirical
TYPE OF
MODEL
Mechanistic
USE Summary Interpolative Looking for  Extrapolative Interpretation
ofdata  predictions  knowledge  predictions  of experimental
gaps result
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1. Choice of the type of model I
2. Identification and

Data availability (development, validation and application)

quantification of the |
processes to simulate |«

Improvement of
environmental
characteristics

(reclaim)

Soil

Plant
physiological
properties

v Model development:

Productive level
determined by the
environment

Measurements of the effect of environmental variables on the considered .
A model must consider

the conditions that
influence the process

process (growth, development, water balance)

Productive level of

v Model validation: tested: y the crop g
Experimental independent data on the single processes considered by the [ Product J [ P - J
< b iani + Environmental factors spplied rovetee 1 [ >
model (photosynthesis, biomass partitioning) ’
« Plant physiology / \
, o « Pathogen Product for Product for
Model application: + Applied products production | | procction Machinery
Data on crop (phenology, growth), on agricultural techniques (sowing date, » Cropping techniques
chemical application) and on the environmental conditions (meteo) oty oy it
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3. Model calibration 4. Assessment of model potentials
Validation
Procedure through which one or more series of experimental data is used
to formulate thegmodel to compare the data obtaﬁwed with the Procedure by which you compare the simulated data from the model with
experimental reality, to eventually reformulate the model structure or adjust expe.nlmental dgta NOT used in its development to identify the accuracy and
some parameters. precision of estimates

Validation procedures:

1. Subjective evaluation: distinction by expert between simulated and
observed data

2. Visual techniques: graphic comparison between simulated and observed
data

Confalonieri R, Di.Pro.Ve. — University of Milano
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Calibration and validation

OBSERVED OBSERVED
DATA DATA
\ ERRORS
_— MINIMIZATION
CALIBRATION VALIDATION

DIFFERENT DATASETS FOR CALIBRATION AND VALIDATION
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Sensitivity analysis

Procedure by which you can evaluate the model's response to changes
in environmental and climatic parameters required by the model itself

Change (%)
Year Temperature Relative humidity
-10 -5 0 5 10 -10 -5 0 3 10
1995 929 12,1 16,85 21,46 13,54 1,61 679 16,85 37,04 73,87
1996 1,06 236 2,26 24 4,66 0,36 068 226 12,22 5691
1997 4,47 55 304 34 459 057 264 304 799 1651
1998 418 51 36 494 513 034 14 36 2209 3687
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5. Application

- Management of protection techniques

- Long term management

- Impact analysis and production estimates
- Predictions for food production

- Breeding

- Sustainability of agricultural systems

- Climate change

- Insurances
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Decisions

Decision process
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Interpretation

The way the various solutions to a problem are presented affects the strategy
that will be used; for example, in a model (or DSS) for crop protection the way
with which the simulated degree of attack is communicated can affect the
behaviour of the farmer

SPRAY
As you are close
to the threshold

Threshold of DSS

intervention

10% DO NOT SPRAY

as you are below
the threshold
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Sources

o Confalonieri Roberto, Di.Pro.Ve. — University of Milano
o Simone Orlandini, DiISPAA — University of Firenze




