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Challenges in agrometeoroloical research and
application

Rene GOMMES

Senior agrometeorologist consultar

Agrometeorology is often described as a “hybridiesce.
Even if mostuniversities will offer training and degre
that qualify as “agrometeorology”, few will actuathward
formal degrees in the subject. “Agrometeorologyke
“climate change impact” belongs to and into m
technical fields that span the spectrum fromironmental
physics to plant protection and animal health,
geography and remote sensing, crop production
irrigation techniques, even bordering on historyg.(
reconstruction of vyield series) and sceconomics
(forecasting crop prices). As a rit of the vastness of the
subject, operational agrometeorologists are ¢
confronted with gaps in knowledge, tools and dsbaje of
which are surprising when considering the curremel of
sophistication of much “agrometeorological’ resbéarBy
necesity, the presentation focuses on some tyf
examples of global (rather than local) relevantartiag
with the lack of any modern climate classificatifor
agriculture. There is, obviously, a link betweemp
geography and the many variants of -Képpen climate
maps, but none of them incorporates the simple tfzet
crops can grow over just a few months, so thatewiot
dry season temperature conditions are basicaeiant
for summer/rainy season grown crops. Other exanpfes
to the irrgation potential or int- and intra-seasonal
variability, two essential components of c-climate
relations that are not captured by existing clinratps. A
related subject is the global distribution of crogpes
together with their phenology (inclug the variability) ,
which must incorporate remotely sensed and growtd,
agroclimatic indicators, soil factors etc. Varioakempts
exist to tackle those issues, but all internationedp
monitoring exercises are confronted with the saaoi bf
bast information about actual crop distribution. Thaest
point which the presentation focuses on is simpiap
models: there is a lack of models that are adajueda-
world conditions of limited data availability atettadequat
scale. Such models shouttkeally be sufficiently “proce:-
oriented” to describe ple-soil-climate-management
interactions sufficiently well, but refrain from qeiring
inputs that users have to guess. Such models ataddise
standard remotelgensed inputs such as Normali
Difference Vegetation Indices (NDVI) to derive Leafea
Indices (LAI) or phenology. Some additional “chalies”
are mentioned and could form the basis for collathos
projects.
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Application of crop models in tactical anc strategic
decisionimaking in farming systems

Ahmad MANSCHADI

Division of Agronomy, University of Natural Resources
and Life SciencesVienna, Austria

APSTM

AGRICULTURAL PRODUCTION SYSTEMS SIMULATOR

APSIM Training Course at Novi Sad University

The (Agricultural Production Systems sIMul: (APSIM)
is internationally recognised as one of the mosiaadec
and comprehensive crop/cropping system models
simulating the effects of genetic factors, envirental
variables, and management decisions on produatiapg,
pasture, trees, livestkl profits, and the environmeni
variables (e.g. soil erosion, nitrate leachi
(http://www.apsim.infoy.

APSIM incorporates a generic crop model, whichises ¢
library of routines for simulating growth and deygent
processes for more than 20 crop species. Environ
modules of APSIM handle variables such as climaug
weather, soil characteristics g. water balance, nutrients,
pH, temperature), crop residue, and erosic The
Management modules allow management rules for en
scenario to be specified, including variables szlab croy
sowing, harvesting, fallowing, tillage, irrigatiofertiliser
use, grazing management, stocking rate, and iojgoang.
APSIM has been used in a broad range of applics
including supporting offarm decision making, designil
farming systems for production or resoi-management
objectives, guiding crop breeq strategies, assessing risk
for government policymaking, and evaluating manag
options for adaptation to climate change and vditiat

This courseis aimed at proding training in the use of
APSIM. It is very 'hands on' with a mix of sh
presentations and tutorialBhe lecture programme includ
the following topics:

APSIM User Interface:

-How to build, run, and graph a simulat

-Principals of modelling crop growth and developr
-Modelling plant available soil water cont

-Modelling nitrogen dynamic— Soil nitrogen availability
and plant uptake
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Modeling intercrops: overview of models anc
approaches

Laurent BEDOUSSAC

AGIR, Université de Toulouse, INRA, INPT, INF-
PURPAN, ENSFEA, Castanet Tolosan, Fince

Current cropping systems in Europe are charactg
by high productivity but rely on simplification afop
rotations and high level of chemical/synthetic ity
which has led to soil, water and air pollution dosls
of biodiversity (e.g. Stoate eal., 2009). Aiming at
higher crop diversity, interopping is an interesting
option to improve agronomic, economicand
environmental performance. It idefined as the
simultaneous growth of two or more species in
same field for a significant period d¢ime (Willey
1979a) but without necessarily sowing or harvesér
the same time (Vandermeer et al. 1998; Maléziel
al. 2009).

Niggli et al. (2009) describe intercropping as ao-
functional intensification practice which has b
widely used to baost crop productivity (Qin et a
2013), increase the land utilization ratio (Agegnet
al. 2008) and emit significantly lower amounts
greenhouse gases compared to sole crops
Oelhermann et al. 2009; Naudin et al. 201The
cereal-legume interdons based on function
complementarity coulthenbe a more suitable way
improve and stabilizeyields (Hauggaar-Nielsen et al.
2009b; Lithourgidis et al2006) and also to increase -
cereal grain protein concentrat as compared to the
respectivesole crops (Goodir et al. 2007) particularly in
low-N-input systems(Hauggaar- Nielsen et al. 2003;
Bedoussac and Justes 2010a, 20. Intercropping has also
been shown to: (i) improve s conservation (Anil et al.
1998), (ii) favour weed contr (Banik et al. 2006; Corre-
Hellou et al. 2011), (iii) redur pests and diseases (Altieri
1999; CorreHellou and Crozi 2005; Ratnadass et al.
2012) and (iv) provide better lodgi resistance (Anil et al.
1998).

In order to evaluate their suitability, innovai

cropping systems including grain legumes need t
carefully assessed using a diversity of perform:
indicators: e.g. provision of ecosystem servi
economic performance, and stability in the face
climatic and abiotic factors variabilityTraditional

factorial experimentapproacheare then limited also
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because of thenumerous combinations betwe
species, environments ¢ practices (Malézieux et al.
2009). Therefore, ndels are useful tools to help tl
assessment and allow to: (i) estimate indicatoas
are tedious or exgnsive to quantify in experiment
plots, e.g. water drainage, ;O emissions or N
leaching and (ii) explore the robustness of innieee
cropping system for a wide range of environme
conditions §oil conditions, variot weather sequences
and differentmanagement schen) that modify the
yield and environmental impact ointercropping
systems.

However, he modelling tool widely used today in
agronomy are noalwayswell adapted to simulating
intercropping systems. Neverthelessodels have
been developed or adaptto represent, assess and
design sustainablatercroppin¢ systems. As indicated
previously by Malézieux et al. (2009)models have
not been designed for the same purpose, or foi
same users, and a comparison is thereftricky”.
Indeed, theyften combine simplicity and complexit
one couldbe very simpleconcerning one mechanism,
while being morerealistic and close tmechanistic
models for otheprocessesin my presentation | will
describe different models in ordelo highlight
different ways of simulating multispecies croppi
systems with models.
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Agrometeorological measurements and applicatic

“Evapotranspiration: Methods and Application”

Levent SAYLAN

Department of Meteorology, Faculty of Aeronautics anc
Astronautics, Istanbul Technical University, Istankul,
Turkey

The amount of water used for agricultural purpdsethe
world is very high. For this reason, more efficierse of
water in the agricultural land w be more important. It is
also inevitable to reduce the amount of water use
agriculture in the future. The critical variable
determining the amount and timing of irrigation @ratn
agriculture is the consumption of crop we
(evapotranspiration).

As well known, evapotranspiration (ET) is a colieetterm
for all processes through which water in liquid smiid
form becomes atmospheric water vapor and it ind
evaporation from bare solil, lakes and rivers argetetive
surfaces. It includesranspiration, which represer
evaporation from within the leaves of plants thio
stomatal openings. The amount and/or distributidr
evapotranspiration during the considered perioteiated
to water usage of crops, photosynthesis, agriall
drough, planning of irrigation systems, managemen
water, yield etc. For this reason, accurate measemeanc
/ or estimation of evapotranspiration is extren
important.

This course is about evapotranspiration and itspaomants
In addition to this, méiods and approaches used
measure and calculate evapotranspiration will lpda@xed.
Especially usage of micrometeorological approachos:
determining of evapotranspiration will be emphadgi
Energy balance components over crops; Bowen |
Energy Béance (BREB) and Eddy Covariance (E
methods will be explained.

Especially BREB method will be described in detmild
sensors necessary for measurement by this metlubtihein
properties will be presented. Advantages and desaidge:
of micrometeorabgical approaches will be defined.
addition, an installed Bowen Ratio Energy Balangsesn
and its components will be introduced practicallythe
participants. By the way, evaluation of data ineordo
calculate energy balance components
evapotanspiration will be presente
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Cold Spell and Snowfall in Serbie— April 2017,
case study

Ljiljana DEKI €, Ana MIHALOVI €

Republic Hydrometeorological Service of Serbi

In the week 17 to 23 April unseasonal cold speld

snowfall hit the most of Europe. Deep trough v
stretding from eastern Scandinavia to n-west of Russia
into Central Europe with its base slowly amplifyiagd

moving towards soutbkast Europe. This system brou

very cold arctic airmass with the temperatures5it BP<
between -5 andl12 deg C. In thiscyclonic circulation
extremely low temperature and widespread stratif
precipitation shield was observ

Friday 21 April 2017 0000 UTC ECMWF 20 VT: Friday 21 April 2017 0000 UTC
850 hPa Temperature/500 hPa Geopotential
mu oo

Most of the different types of fruit, especiallyatberries
and raspberries, was in flowering in April and v
sensitive to the spring fro. Wet snow that fell can cause
the breaking of a twig in raspberry al

This case study will try to present what seasosetkendec
range and medium range forecast is able to pr
regarding extreme weather events and how far irarsck
ECMWEF global model, deterministic and ensem
products will be used for this stu

Seasonal forecast can't predict extreme eventsusecae
need statistics to handle lot of data and to cem
anomalies (monthly or weekly) usually compared
model climate.

Extended range and medium range numerical we
prediction are very successful in predicting tinfeevents
and less successful in predicting exact valuesaamalints
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Monthly and seasonal forecast application it
agriculture: possibilities and limitations

Branislava LALI C,

Faculty of Agriculture, University of Novi Sad, Nov
Sad, Serbia

Simplification, approximation and parameterizati@me
inevitable elements of any modeling procedure atithe
same time, they define strong environmental bouesaf
the system in subject, processes which will be rtakéo
account and their matherrcal representation. The
simulation of the system behavior is good as mucimiial
conditions are known and mathematical equationsable
to reproduce governing process:

In attempts to simulate plant development moddkrmg
with two nonlineardynamical systems: the atmosphere
plant. Non linearity implies that change in theteys input
is not proportional to change in its output. "Dyrnieali' is
term in physics used to describe system which ahanf
state is described by ti-dependant function. So, in
modeling plantatmosphere interaction researcher sh
couple two systems changing and affecting eachr ater
the time, and to take into account that knowledfeut
their behavior under certain initial conditions wbuot be
simply extrgolated under new ones and tlexact values
of initial conditions arg actually unknown. Quite a
difficult task.

In case of atmosphere, one approach in dealing thit
issue is based on shifting from deterministic tsesnble
weather forecast. Deternistic forecast is based on
assumption that initial atmospheric conditions knewn
and can be used to solve equations describing
evolution of variables of state, i.e. to run nuroariweathe
prediction model (NWP). Ensemble weather forecalstd
into account fact that atmospheric initial condisioare
unknown and uses perturbations of observed it
conditions (as equally possible ones) to run NWE t&r
produce ensemble of weather forecas

In case of plant development modeling, shift f
deterministic to ensemble forecasting implies todpice
perturbed initial conditions related to weatherjl snd
plant. Since ensemble weather prediction is alr
available, as a first step, concept can be testeapplying
this forecast as perturbedeteorological conditions to rt
crop model in order to obtain ensemble of estimébe:
yield and time of growing phase appearance. Effef
ensemble forecast application are assessed by ciom
crop model outputs obtained using determin
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(commonly denoted as control run) and ensemblehhee
forecast.

In order to test quality of simulations, i.e. dewa from
observed values of crop model outputs, -mean-square
(RMSE), ensemble spread (SPRD) and ignorance are
commonly used. The RMSE of the ensemble average
measure of the difference between the forecast
observations or observat-based simulations. Ensemble
spread, SPRD represents the uncertainty of themdase
Small spread does not necessaimply the high skill of a
forecast, but it is a good indicator of high preafidlity.
Important feature of probabilistic forecast is penfiance
measure or scoring rule. Commonly used is ignoranoes
which is defined as negative logarithm wnit-less
probability density functioiof, so called, verification value
of variable Y i.e. selected crop model output Malg:
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The three rules of crop yield forecasting

Rene GOMMES

Senior agrometeorologist consultar

The presentatin states some views about the praxis of
yield forecasting in the form of “rules”. The rulege
empirical but derive from decade long practice
operational crop vyield forecasting in an internaaik
context. Rule 1 “Crop vyield forecasting is ar much as
science” accounts for the fact that there are “goaadl
“bad” forecasters (both terms deserve definindf- with
the same input datassue different yield estimates beca
they know — or chose different methods, because tt
have a morer less deep understanding of the system &
modelled. The moral is that forecasters need adoevel
solid technical background to allow them to chosthods
purposely. The second rule states that “If stas:
contradict agronomy, blame statisticf common sense
contradicts agronomy, blame yourself.” The ruldstssthal
a cropforecast is not a data processing, statisticalote
sensing, crop modelling or a GIS problem. Nor isa
combination of those techniques, even if all nowayph
part. Acrop forecast is an agronomic/agricultural probl:
The third rule “All crop forecasting is statistitals a
reminder of the fact that crop forecasts must confto the
expectations of the customer, except, maybe, itinzate
change impact context wte relative values are usually
sufficient. No forecasting method, especially thepat of
simulation models yields directly usable resufts;, a
variety of reasons. The major one is that modalmot
possibly take all factors into account, especidghose
associated with technology change (yield trendsli
forecasts are produced for a real or virtual custoriihe
essence of the “rules” is that a “good” forecagtarst
eventually conform to the quality criteria of hisstomel
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Introduction to AQUACROP model

Anna DALLA MARTA

Department of Agrifood Production and
Environmental, University of Florence, Italy

AquaCrop is a crop water productivity model develbjpy
the Land and Water Division of FA It simulatesyield
response to waterof herbaceous crops, art particularly
addresses conditionshere water is a limiting factor
crop production Nevertheless, as water availability
becoming a critical issue in many regions (inclu
Europe) due to climate change and to natural ress
overexploitation, AquaCrop is becoming a referemoelel
used for guiding irrigation management in agria@tuOne
of the main strength oAquaCro; is the good balance
between accuracy, simpiiy, and robustness. It use:
small number of parameters and input variathat can be
easily determined in the fd or obtained from specific
databases, nevertheless it is able to accuratalylaie crof
physiological processes and soil water budgetioggsse.
Moreover, it is freely available on web togetherth
exhaustive documentation, training modules andrials.
For all these reasons, it is particularly suinot only at
research level but alstor practical applications. Amor
them, AquaCrop can be used to predcrop production
under different watemanagement conditio (including
rain fed conditions, supplementary, deficit and fi
irrigation) or different climates; to optimi: crop planning
and management and developing irrigation stratagieer
water deficit conditions to optimize crop wate
productivity; to compare different scenarios; toalsme
yield gaps oimpacts of climate chan.

In general terms, a model issimplified representation of a
system, is a welllefined part of the reali. The system
considered by AquaCrap the cropsoil interaction system
with its upper (atmosphere) and lower (depth aralityuof
water table) boundaries conditions able to affeath:
interactions. In fact, the core of AquaCrop, whishthe
water productivity equatioris inserted in a set of additional
componentsSOIL, with its water balance; CROP, with
processes, and ATMOSPHERE, with temperature, tail
evaporative demand and 1, concentration. Also, field
management factors are considered (irrigation, sei
management, soil fertilityds they can affect water balan
crop development and therefore, final yi

The model output consisiis biomass and crop yield fo
given environmental conditionAdditionally, the model
gives a performance indicator which is ET wk
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productivity that is the amount of crop yield whican be
obtained per unof water lost b evapotranspiration.

The final crop yieldis simulatedin four steps: crop
development, though the simulation of green carcwer;
crop transpiration, which is proportional to gremamopy
cover; biomass production, related to trared water; and
yield formation, calculated as a fraction of total biomass
through the use of thharvest index. Under n-limiting
conditions, this calculation scheme simulates tbergial
yield obtainable for a given crop and environm
Neverthelss, real conditions often limit the fi
development and production of a crop. AquaCroy
calculating the daily soil water balance &adjusting the
water content in the soil prof, is able to detect stresses
that might develop in the root zo When a soil water
stress is detected, leaf expansion, crop trangpiraind
biomass accumulation, and therefore the dry yieddtlaer
affected and the impact on the final productionesels or
the timing and the extent of the occurred str

The aim of thismodule is to make students familiar w
AquaCrop, through a practical training on datal
management, input creation (meteo, soil, and cii@g)f
model run, and output analys

More information on the AquaCrop, as well as
documentation, traings and tutorials can be found
http://lwww.fao.org/landwater/database-and-
software/aquacrop/en/

Also notice that a new Open Source version of Agap!
(AquaCrop — OS) waseleased and it is available i
download. For more information, refer

Foster et al. (2017). AquaCr-OS: An open source version
of FAO’s crop water productivity model. Agricultdi
Water Management 181: 432.
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Adverse Weather Conditions and Crop Productior
Risks

Josef EITZINGER

Institute of Meteorology, University of Natural
Resources and Life Science Vienna, Austria

Agricultural production is very sensitive not onkp
changes in mean climatic parameters but espedallg
shift or changes in the occurrence and severitweather
extremesClimate and climate variability however differ
their characterization by location significal. In literature
it was reported that climate change is leading shiti in
agroclimatic zones in Central Europe with signific
consequeres for crop production potential and risk dut
increasing adverse weather conditions for ¢. It should
be notied that while the changes in the climate condit
might improve conditions in the higher elevatione tsoll
and terrain conditions willemain unchange

Spatial and seasonal changes in climatic conditiocisde
the frequency and intensity of extremes relateccrmp
harmfulnessand there are signs that these weather re
phenomena (or adverse weather conditions) are it
the cropping risk pattern of specific agricultural ci
production regions. For exampla several-fold increase in
the frequency of somegeometeorological extremes ¢
possiblethroughout Europe, especially regarding drot
and heat. Even if weather extres do not change in their
absolute severity and frequency, seasonal shiftsheif
occurrence and its overlapping with critical c¢
phenological stages can change regional weathated
crop production risks significantl

There is already good knovdge on potential shifts of heat
extremes and drought over Europe under climate gg
scenarios andheir impacts on crop productic However,
when it comes to regionalized weather related pestterns
with respect to extreme events, including alsgetential
weather related direct (abiotic) and indirect (iolotrisks
and their combined impacts on specific crops aogmng
systems, the knowledge and data base is still peoyr.
Available studies at the national s with high spatial
resolution fequently cover mean effects from clim
change but rarely take changes in extreme evertt
account In consequence, there is still a high uncerte
related to regionalized impacts on particular weatblatec
risks for crops in climatémpact studis and assessments
for tailored adaptation optis at the farm level. For
developing tailoredadaptation options to be accepted
farmers the socieconomic framework needs to
considered in the whole context as .
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Up to now the crop maeling community makes a big efft
in the MACSUR and AgMIP projectswww.macsur.eu
www.agmip.org) to address combined drought and
stress effects, which are considered as the maather
related crop production risks under climate chamg
Europe.

The weather related cropping risks can be quiterdint in
their nature andemsonal frequencDuring a crop growing
season several weather related cropping risks ceur @t
different times, at the same time or can overlt can
include all weather parameters and phenomena imffe
directly and indirectly crop growing conwons as well as
yield and damage potenti. Examples include: drought
and heat directly limiting assimtion or yield forming
processes; overwintering conditions of winter cro
(especially strong temperature veions and snow cover
conditions); frost risks tadifferent phenological stag
weatherrisks for sowing and germination (erosion,
hardening inadequate soil temperaturc bad harvest
conditions leading toyield loss; hail wet periods and
flooding; strong winds and thunderstorms (leadiro
lodging, Nileaching, erosion high humidity and leaf
wetness (forcing disease high temperatures (forcing
pests) and many other#\ crop’s vulnerability to th
severity and duration of these phenomena is diffeby
species and variety, phenologicstatus or occurrence of
other crop stresses at the same t
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Basics of Agrometeorological Measuremen

Josef EITZINGER, Erich MURSCH-RADLGRUBER

Institute of Meteorology, University of Natural
Resources and Life Science Vienna, Austria

Crops and animals are directly or indirectly (ealgough
pests and diseases, soil conditions etc.) affdnyadeathe
and dimatic conditions. Thesite-specific knowledge of
weather and climatic parameters allows farmers
responding order to optimize crop growing condsidn
short and long term scale. Examples are irrigaji@st anc
disease management and other risk ection measures.
According to the specific application a differeninmber
and quality of respective parameters need to bevkr(@and
this is done by measurements) in order to impler
measures in an effective way, such as planningritire
irrigation timing and water application, or the timing
chemical applications in for crop protecti

For measuring environmental parametin present are
mostly eleatonic sensors used, measurements by
automated stations. Stations range from star
agrometemlogical stations to specific small sensing ur
depending on application. One of the challenges
agrometeorological purposes is that often the milgnatic
conditions within the crop canopies are needed
detection certain developments, espey for pest and
disease warning and forecast. For irrigation scliegl
purposes, for another example, the soil water cnteec
to be measured at the field of interest with itecific soil
conditions. Considering the specific needs
agrometeorologi applications (where measureme
should represent accurately the specific microdiéna is
therefore often not suitable to use data from stedided
weather stations (of national weather servicesefample
which need to keep a specific setupmeasurements and
the measurement place worldwide (WMO stand

The typical components of agrometeorolog
measurement stations (or systems) consist of apose)
data collection and storing and c) data transferaralysis
incl. potential model gwications. These components
be in various ways and by different meth combined.
However, basic measurement techniques for sensia
parameters of interest are similar regardless efcifip
applications. Practically all weather parameters af
interest for manifold agrometeorological applicasifair
and soil temperatures, radiation, air humidity] s@tness
and soil water tensionwind, leaf wetness, precipitati
etc.).
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For the specific application minimum requirements of
data generatiomeed as well fulfille. This includes not
only technical parameters (such asuracy, measurement
ranges as well as robustneand lifetime of sensors) but
also time and spatial resolution of needed dateesd
requirements strongly determine the costs for
generation (measurements) for specific applicatiang
thus its cost return. By thereason there is always a need
to optimize agrometeorological measurements (systém
relation to its application.

On the openmarket we can find manifold options 1
sensors, measurement systems designed for vi
applications or users and in differequality. However, not
only the technical aspects are important for a right
effective application, but especiallye correct installation
at the right place and time. This needs some |
understanding on environmental processes in ocdavaid
failures in specific applications. Finally, the intenance of
measurement stations / sensors and error checkir
measured data need basic training and understaradi
environmental phenomenwhich will be addressed duril
the practical training course at the summer sc
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