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Working together in weather, climate and water

Federica RossI

Decision Support Systems In agriculture

Need to take decisions and make critical day-to-day and long-term planning on farm
management (strategic and tactical).

Support have to be relevant, timely, user-friendly to assist and manage crop
cultivation. DSS offer scientific-technical tools often developed by multidisciplinary
teams to combine to skills and experience.



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

J. Pretty et al., INTERNATIONAL JOURNAL OF AGRICULTURAL
SUSTAINABILITY 8(4), 2010, 219-236

1A challenge is how to feed an incoming
population of 9 B. To meet the demand without
significant increases in prices, the need is to
produce 70-100% more food, in the light of
growing impacts of cc, concerns over energy
security, and the Millennium Development target
of halving world poverty-hunger by 2015.

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




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

1: Natural resource inputs: Climate, water, soil nutrition, erosion, biodiversity,
ecosystem services and conservation, energy, climate change and resilience

What are the predicted impacts of cc on yield, cropping practices, crop diseases,
irrigation...?

What approaches can be developed to increase water use efficiency in
agriculture and what is the cost-effectiveness of this approaches?

2: Agronomic practice: production systems and technologies, genetic
improvement, P & D management, livestock

How we can accelerate the rate of technological change to propel sustainable
production? Which approaches to P&D are the most economically and
socially sustainable?



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

3: 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 and agrometeorological extension
services are vital elements to address needs and provide critical services.

4: 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?



Climate resource New-light
Water resource technologies, saver
Genetic resource inovation, DSS

-
Energy resource O

Landscape resource
Human resources

Economic resources
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Mean Annual Losses to Weather Hazards
IN the United States




Spring frosts: when
temperature falls below
the melting point (0°C)
sensitive crops can be
injured
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Style, ovary, petals Dehydratlon brown tissues

Necrosis




t there is frost
articular minimu
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species, crop variety, hardening, cultural
practices (pruning, fertilization, irrigation),
INA bacteria, weather conditions.
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Define \@tions during frost
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Foreword to Agricultural Meteorology by Sir John Stuart Forbes of Pitsligo

The Transactions of the Highland sand Agricultural Society of Scotland
July 1853 - March 1855

affacte.  Thus, shelter is indispensable Iopr usmpering our
¢limate; but when too olose or confinued, especially In low
situstions, the want of circulation condenses the moisture into
hoar-frost, and checks early vegetation. Do drainage incrﬁasas
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WHY DSS?7
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Awareness of the risk

Passive protection

selection
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EMILIA ROMAGNA (Italy)
Digital Elevation Model (DEM)

Map of mean minimum temperature
considering the frost cvents
in the period 1987-2000
(peint ordinary kriging corrected for orography)

valley top

computation point

valley bottom
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Regional topoclimatic model
Including phenological and growth models to be used
operationally

cemsedaNERS
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Reduce or to avoid the impact

of these extrems -microclimate
management & manipulation

Awareness of the meteoroloaqgical ris
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Active protection (,&é&f

Selection of the appropriate
method:

e Crop
e |ocation
e climate
e COStS

Effectiveness
Efficiency
Risk
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Radiation frosts: calm wind - clear sky: heat is
lost in form of radiant energy. Temperature
falls faster near the surface causing a
temperature inversion



Altura (pie)
Height (ft)

—
o
i ! i

5 B

b
(4]

8:00am |

'

W — L]y -—-———\—-~i1u.u
'{}7 AN B | i |

1 , | |
oA ||| L __N

/7

/

—re

Height (m)
Altura (m)




Active protection

High consumption
rates

EXxpensive to operate
(2000 €/ha/night)

Total efficiency
proportional to the
number of heaters
and depending on
the air temperature



No Wind Machine With Wind Machine
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Active protection

Over-plant | |Under-plant | Water freezing:

sprinklers sprinklers when 1 Kg of water
freezes at 0°C, the phé
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Frost Protection

English Frost Protection Training Units (videos)
Spanish Frost Protection Training Units (videos)
When to Turn Sprinklers On and Off for Frost Protection

FP001 Quick Answer—This quick answer provides information on using a psychrometer or temperature
and dew point data to determine when to start and start sprinklers for frost protection.

Predicting Temperature Trends during Freeze Nights

FP002 Quick Answer—This quick answer gives a method for predicting the change in
temperature during a calm, radiation freeze night.

»= Materials;

A Simple Method to Measure the Dew Point Temperature

FPD03 Quick Answer—This quick answer provides information on how to measure the dew point for use 3 can reaches th_e dew point, _
in estimating minimum temperature and for starting and stopping * Thermometer condensation forms I‘ basing
sprinklers for frost protection. « Water sensible heat to retarg

*lce temperature drop. /

Sprinkler Application Rates for Freeze Protection

=

- Salt, if very cold

= When the temperature of the
ice-water mixture reaches the
dew point, dew or ice forms
on the can

Table 3. Minimum turn-on and turn-off air temperatures ("C) for sprinkler frost protection for a range of wet-hulb and dew-point temperatures (°C)*

Dew-point
Temperature Wet-bulb Temperature ("C)

oc | i 30 20 -10

0.0 0.0
-1.0 -1.0 07
-2.0 -2.0 -0.4 1.3
-3.0 -3.0 -14 02 1.9
-4.0 -4.0 -25 -0.9 08 24
-5.0 -3.0 -3.5 -1.9 -0.4 1.3 29
-6.0 -45 -3.0 -1.5 0.1 18 34
-7.0 -41 -26 -1.0 06 22 39
-8.0 -3.6 -2.1 -0.6 1.0 2.6 4.3|
-9.0 -33 -1.7 -0.2 14 3.0 47

*Select a wet-bulb temperature that is above the critical damage temperature for vour crop and locate the appropriate column. Then choose the row with the correct dew-point
temperature and read the corresponding air temperature from the table to turn your sprinklers on or off. This table assumes a barometric pressure of 1013 millibars (101.3 kPa).



National Weather Service

Watches, Warnings & Advisories
Local weather forecast by "City, 51" or zip code m

Servizio Alert ¥ economia
Previsione delle gelate ANGELA

Frost Advisory
Proteccion
contra
}as heladas:
U undamentos,
SMS % practica

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
users




Appropriate pest management using
meteorology and microclimatology can
reduce losses: the tactical use of weather
Information in the prediction of p&d
development may allow for near-optimum

..l
.I.l

use and timing of pesticides and/or release
of predators.

WARNING

®

PESTIHCIDE USE

SO R TR
COMEALT VT80T A1
DaTE BPRAYRD




SAFE

[+]
To guide farmers in the integrated pest & &4
management, improve effectiveness of | - e
treatments, reduce or avoid pesticides : G fRay &
Impact and Improve quality
A network of monitoring sites, using
phaeromone traps or test plots, gives
the basic informations to run
simulation models

The system uses weather forecasts
and climatology to estimate periods of
next insect generations, guiding

farmers to choose the best moment for . Cawrelbesaporana

the treatment P omenda
When a threshold is approaching, a ) -

SMS alerts the farmer, so that he can ;g A

plan a treatment if necessary N . /[~
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VYandregnskab
Fianteinfo-redakbionan {0052004
Vandregnskah er et seerdeles nyitiot
program il styringen afvanding. Mye
hrugere kan leese mere ved atfalge linket
forneden. Til gamle brugere er her lidt
infarmation am Vandregnskah i 2004,

Beregnignen af potentiel fardampning
eri 2004 sndret til den sakaldte Makkink-
farmel, som anbefales af DJF og Dl
Den daglige potentielle fordampning
hliver herved i gennemsnit 0,3 mm
hajera.

Der ertilfajet en yderligere forklarende
figur (klik pa Detaljer i Vandbehov). Denne
figurviser den akiuelle fordampning fra
jordoverfladen og ved afgradens forhrug
afvand rodzonen. Der er en ganske
hetydelig fordampning fra jordoverfladen
efter nedbar,

Cier er rettet en fejl i heregningen af
vandhehow far klavergraas,
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Deutscher Wetterdienst

Agrometeorological Research Braunschweig

The activities of the German Weather Service in the field of agroclimatology

risk from cereal aphids no.ofdays e | aohid
with >4 aphids /ear+flag leaf, May-Jun 1961-2004 riskirom cereal aphids
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Plasmo Project - PLASMO on-line

B PLASMO Project - Netscape 6

. File Edit Wiew Search Go EBEookmarks Tasks Help

Q e @ @ l Q |%http:,l’,l’agromet-cost.bn.ibimet.cnr.it,l’plasmn,l' ﬂl [MJ @

. 48 Home [My] Metscape QSearch ﬁ Shop | F3Bookmarks @NetZPhnne

The model, called Plasmo (Plasmopora Simulation Model), simulates grapevine downy mildew biological cycle on the basis of

agrometeorological parameter, allowing the best timing for funagicide treatments. The model reliability was evaluated during

4 several years of research, comparing the results obtained by applying traditional methods of crop management with those
planned according to maodel simulation.

Plasmo was implemented by collaboration among several institute: Institute of Biometeorology (IBIMET - Firenze) - Mational

P Reszarch Council (CNR); Department of Agronomy and Land Management (DISAT) - University of Florence; Centre for the
Application of Computer Science in Agriculture (Ce.5I8) - Accademia dei Georgofili, The online version has been developed

and is provided by Institute of Biometeorology (IBIMET - Bolognal,

PLASMD Project
COST Tl
By
Simane Orlandini, Federica Rozsi, Mazsimiliana Magli

_m = d% @ | Docurnent: Done (0.24 secs) |ﬂlk|ﬂ:“|
mstartl PLASMO ONLIME - Micros... “ PLASMO Project - Net... Microsoft PowerPoint - [... | w Immagine - Paink | '? « 10,13

http://agromet-cost.bo.ibimet.cnr.it/plasmo/



Irrinet Emilia
Romagna — Online
DSS on Irrigation:

23%

2020 MILLIONS
Public

m3 water are wi

domestic

Withdrawal is 1
than recharge, thus inducing a
progressive subsidence

11%
industr




What is a "best management practice for water?"
A practical, affordable approach to conserving water without sacrificing

productivity, maximizing its use efficiency.

Good practices for water management

Water saving

* Dry farming
 Crop selection and
management

* Improvement of efficiency of
Irrigation equipments, reduction
of losses

« Water balance calculation,
agrometeorological support

* Decision Support Systems and
Advisories

Re-utilization =———
Depuration/ phytodepuration
Irrigation using waste water

To save water, there Is not a
unigue solution, but several
strategies can be used
together. The saving may
reach 20-25 %.



IRRIGATION METHODS

The selected irrigation technique has a great importance in
limiting water use, and also on leaching of nutrient in soll.

*Flooding o + water

eurrow

eSubirrigation

Sprinkling

- water




At basin level

Global efficiency

Transport between the e
source and the farm

* : Water WIthdrawn

at source . Water -
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Information to the farmers:

Decision support systems for irrigation

Improvement in efficiency of irrigation is possible
by modulating timing and quantity of water as a
function of meteorological variables,
evapotranspiration assessment, and using
iInformating tools for dissemination

When and how much to irrigate?
What is the proper irrigation system?



Founded by local Authorities and
from regional reclamation
consortiums

*Through a channel from Po river water
. iIs made available over a 3000 Km?
area and the water resources (68m3/s)

allow to satisfy the irrigation needs.

& .\Vater is furnished together with the
% information for its rational and

A\ sustainable utilization (IRRINET).




Irrinet In pills

Started in 1984 with public founding to test
telematics in agriculture (Videotex)

In the WEB In 1999

GIS extensions & advanced WEB interfaces In
2002

From 2003: WEB + SMS (IrriISMS)

Involves more than 11000 farms, covering almost
22% of the irrigated area in the region

Its application in the 2010 allows a water saving
for more than 50 millions m3



Irrinet irrigation model
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Data Base
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1 Irrinet Emilia Romagna - Servizio di assistenza irrigazione yia Web - Netscape -0 x|
Eile Edit Wiew Go Bookmarks Tools wWindow Help

Q Q @ @ | %% http: /v, consarziocer . ik Irrinet3 Def aulk, asp v | _ ‘ @ﬂ @

/ E,\\ 4% Home [My] Metscape Q Search | [EJBookmarks
El[ %% Irrinet Emilia Romagna - Servizio di assisten, .. ] m

e ] ACOMSOREZI0 D BOMIFICA
ﬂ'__‘ Dl SECOMD O GRADO
L YPEFR. IL CAMALE
e ENERILIA MG FCabd BaE M OL

wenerdi 28 novembre 2003 Servizio interattivo di supporto all'irrigazione

Serizio per utenti registrati } semrizio per utenti non redistrati
Pracantaziana carwis . . .
| serizio perfrene aldiente  di

salvare il propri profili calturali e di . d irrigue  hasate su dati di area
ilizzare  diversi  tipi di dati R@ngtere senza utilizzare dati aziendali forniti

s farm. soil Unregistered
dell'informazione irrigua use S' a ) SOI ) Entra users: users Can

crop data are -
o . Interrogate by
Codice azienda:
' kept in memory selecting crop

and used from and finding the

o s awa o (1€ PrOgram. farm location

Oppure campila il modulo di
qdesione

= | & 4
| ¥ Eudora -, | {FEDERICA | trasFerlm | | Documenti ”@IlrrlnetE @Immagln | |@@2 (BE@@ 12,16




Subscription Form

| A CONSORZIO D BONIFICE
P ™ DI SEGONDO GRADD

bl
" ] - A W

T INPER IL CANALE r Eﬁ
S NERILISKG ROMAGEMOLD o et T

{Home Richiedi assistenza

LY
%!
21!1

Registrazione nel servizio di una nuova azienda

Inzerire | dati necessari alla registrazione. I campi contrassegnati con (*) =ono obbligatori.

Il codice azienda viene fornito in automatico dal sistema al termine della registrazione. [ dati inseriti possono essere modificati in gualsiasi
momenta dal menl principale del servizio.

Ricordarsi che la password scelta =ara =ensibile al maiuscolo/minusceolo che va rispettate in fase di accesszo.

Se wviene inserito un indirizzo di email valido si riceverd una email di conferma con i dati di registrazione.

Password (*)

Codice azienda _ . :
Fare attenzicne al maiuscolo/minuscola delle lettere

Descrizione

Indirizzo Localitd

Provincia | Scegliere una provincia vl

Comune |E‘--:eg|iere un comune Vl

Cellulare

Ermail
Mecessario per attivare il servizio IrriSMS

Eegistra la nuova azienda




Irrinet GIS approach

Click on the map to find user farm and download the following data:
« METEO DB: Meteorological data: daily ET, temperature; hourly rainfalls
« PEDO DB: Soil texture
« WATER DB: average water table depth

E-=-@QR ] DE S B S

[ ] s _ AT e ORI SORTO D BOMIFICL | |
ﬁ B e B Emee P w ™| =0l SECOMDO GRADO
SR B T RS N INPER I CaNLE
Gt [N b e o PO Dt e e T T NEMILIGNG R ORALE ROLC
Irrinet | Home Serwvizia Anonimo

=
% Come usare la mappa

[i] R:NA) \ .

vv Lozzarc i

—_— Strade provinciali
—— Ztracde Statali
= Autostrade

[ uimiti comunaii

Limniti provinciali

Start I@Irrinet Emilia Romagn... | [[E]Microso ft PanasrPaint - [P. .. | I = 3 15,52




Input Data Form: focus on soll
data

Kegisiraziene nueva oxllers %‘ Dali terrena
o e

'ﬁ Tipologia colturale FENDENTA

CRIZZONTL € GRANVLOHETRIA o PorEnnn sTsare ingant unn

O Hudig i L
Il mand » tamding pomtiare o ligts dalls
COoLTURA Scegliers una coltura... tipzlegie di selurs brigus geatits dal sistame . 1 f
Srding - . sabbis »

DESCRIZIONE DA GRANULOMETRIA » Sabbis 15| % argila 3z

Schalstra
i b s standmrd
roal clin di ureio onzzenle
! % ko ppaEscre Fiendend
&1 1.4 b

ia dati

{%} Dettaglio colture arborec
% Inspianto irrigua

Digtanza
sulla fla m ANTS IRRIGAZIOND Soarmiments -
SITE O IMPLANTO Cistanza tra par s eodiurs di Gns Srharens £8 Eregaleri

e File sula fils m
Pinrits par (2ace Fsultant

RISTICHE TMPLANTO
GO

arTa Erogaton
e hle m

i ans abblgsten nal cass

CONDUZIONED INTERFILARE Inerbita ¥ !

CATA D1 BACCOLTA

Fluvssmebna reultante memh

VIGORE POATINNEETS Vigare Hedw b
ANRG di IMPIANTO 2008 L

A The system provides soil data,

FOR

automatically downloaded from

La stazione meteo viene assegnata in base - - -
STAZIONE METEOROLOGICA S.BRIGIDA 3 zlla localizzazione sulla mappa operata nella R e I O n a S O I I n O rm atl O n
— pagina precedents, pud essere modificata
manualmente scegliendo dal mend a tendina
La batteriz di faldz viene assegnatz in base -
zlla localizzazione sulla mappa operata nella ™
1780 v pagina precedente, pud essere modificata S e I I l I e a a are n O
manualmente scegliende dal mend a tendinz. ’
BATTERIA FALDA Rilevazioni gia registrate per la batteria selezionata O e e di falda a_zleqda\a
. : . significa che non ci sono batterie di falda
Data rilevazione Profondita cm presenti nell'area; in queste caso gli eventuali - -
17/04/2008 288 dati di profondit falda possono essere S I m I ar to t Ose O t e a r m t e
registrati dall'utente andando in mend
principale > Falda. ’

Per definire un nuove pluviometro aziendale

- -
— ritornare al mend principale. Per ogni
PLUVIOMETRO AZIENDALE Principale v pluvismetre possono essere registrati durante u Se r Can I n u e I r OWn a a
|z stagione dati di picggiz in alternativa a quelli

from field analysis.



Irrinet Output page

T — e GO SO RZIG DB MIFIG
T r— _f"DI SECOMD O &R DO

UL g | L WPEFR IL CAMOLE
— W ERI LI RORNE MO

Mend principale = Consigli irrigui

——

=EE

it

Richiedi assistenza

|
o

X Eeci dal servizio

19 MELONE sabbioso
Stazione meteo: CAMPAGNCOLO EMILIA - Batteria di falda: 03RE
Suclo: Spessore 1,4 mt Sabbia 83% Argilla 4% Scheletre 0%

Impianto iriguo: Impianto a picggia fisso

Consumo giornaliero effettivo della coltura in mm (ETE)

Data prevista per l'irrigazione

Visualizza Grafico =

20 MELONE argilloso
Stazione meteo: CAMPAGNCOLO EMILIA - Batteria di falda: 03RE

Suclo: Spessore 1,4 mt Sabbia 4% Argilla 60% Scheletre 0%
Impianto irriguo: &la gocciclante

Consumo giornaliero effettivo della coltura in mm (ETE)
Data prevista per l'irrigazione

Volume irriguo da fornire alla coltura in mm

Tempo di funzicnamento dell'impianto iriguo in ore & minuti
Mumern di giorni previsti per l'irrigazione succeszsiva

Visualizza Grafico =
Inserisci irrigazione =

1 dati della staziene metec sone aggiornati a lunedi 21 aprile 2008 (ultime date pervenute)

2,4
24/04/2008

1 dati della staziene meteo sone aggiornati 2 lunedi 21 aprile 2008 (ultime date pervenute)

Sesto erogatori: 0,3mt x 2mt - Portata erogatore: 2,01t/h - Portata impianto: 2,223mm/h
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lrrISMS structure

Message sender: who is providing
this service: an irrigation
company, a public body etc..

Servizlio offerto

dalla. cditita

Farm crop: peach, corn, sugar

ETE 32 beet

*MATS*BETE 4, 1

"MA Irrigation scheduling: yesterday
irriga 11 30/5

crop evapotranspiration; when

O you have to irrigate; (forecasted
data); water applying to that date




Micrometeorological approach to
assess water requirements of crops:
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Stima delle
esigenze irrigue

H20 - Imigazione (mm)

Conduzione Colturale:

Storia della particella
01/01/2008 - 20/09/2008
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DSS on Digital Agriculture: farm-level mapping, comprehensive data base creation
on resources generated through space- based inputs and field observations to make
a detailed plan of work for maximizing yield and reducing inputs and their costs.

5 R rule: “applying the Right input in the Right amount at the Right time in
the Right place and in the Right manner”.



Fissazione del carbonio
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@ DOCUMENTO TECNICO
ol Valutazione dei gas serra emessi e dell'energia rinnovabile
1.0 CERTIFICA utilizzata nel ciclo di vita dei prodotti agroalimentari
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COLTURA EMISS CO2 + transport to
(tClyr/iha) Germany
] (tClyr/ha)
Sink - source albicocco 4.91 6.64

5.6 - 1.35 = 4.25 tC/halyr || susino 8.46 11.92
5.6 - 3.1 = 2.5 tC/halyr pesco 11.08 14.33

N arancio 4.96 11.40




Information for farmers-
government/agro-
business

DSS on agricultural
management
strategies, land use
planning, water
resource management,
depletion/erosion of soil
resources, economic
evaluation of impacts
on yield

I.EIJ The World AgroMeteorological Information Service - Netscape
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