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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.



(e . ;
The top 100 questions of Importance to
the future of global agriculture

J. Pretty et al., 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.




Impacts of climate change on agriculture - World

m physiological effects on crops, pasture, forests and livestock (quantity,
quality);

m changes in land, soil and water resources (quantity, quality);

m increased weed and pest challenges;

m shifts in spatial and temporal distribution of impacts;

m sea level rise, changes to ocean salinity;

m sea temperature rise causing fish to inhabit different ranges.

socio-economic impacts:
decline in yields and production;

reduced marginal GDP from agriculture;

changes in geographical distribution of trade regimes:;

H

H

m fluctuations in world market prices;

H

m increased number of people at risk of hunger and food insecurity:;
H

migration and civil unrest. FAO 2007
]
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The Environmental Stratification of Europe
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Clesen J.E., M. Trnka, K.C. Kersebaum, A.O. Skjelvag, B. Seguine,

F. Peltonan-Sainio, F. Rossi, J. Kozyrah, F. Micale, 2011-

Review- Impacts and adaptation of European crop production systems to
climate change. Europ. J. Agronomy 34 96-112
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Snow cover duration
Ca. -20 days till 2020/50

Mittlere Anzahl der Tage mit Schneedeckebedeckung

@Tmka M., Stepanek P, Semeradova D., Farda A, Skalak P, Balek J ., Eitzinger J., Hlavinka P., Zalud Z. (2008)
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Mittlere Anzahl der Tage mit Schneedeckebedeckung

Regionales Klimamodell, basierend auf ARPEGE, SRES A1B

@Tmka M., Stepanek P, Sermeradova D., Farda A, Skalak P, Balek J., Eitzinger J., Hlavinka P., Zalud Z. (2008)
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National yield trends in Europe
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(Eitzinger et al., 2009)
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Change in grassland production potential

MZLL Brno, 2005
Institute of Agrosystems and Bioclimatology
(1. Trnka, D Semeradova, 2. Zalud)

Zlimatic data for Austria provided by ZAMG, Vienna
in cooperation with Institute of Meteorology, BOKL
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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).

ﬁnterventions 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-
\eﬁectiveness? )




The
Water
Footprint
Assessment
Mnnugl

Water footprint (Mutti)
1 kg tomato: 156 | H20

1 kg tomato souce: 557 |

Water Footprint
Litres of water on kilos produced

red meat rice pulses PASTA fruit



Effect on rain days

Dry days

Longer periods without rain.

& :%& 7

L = o -
,;M }?j F ‘Q‘!hf*-"‘ﬂ-'iﬁ
L"“ 61

F‘ﬂ

Inr:m-.ed rnh j——

mugm

‘ . T
1-::-*-“ Lz :

iy
g

-

Fewer dry days «— | —» More dry days
- . | |

Increase in L—
deoughts

fi

* Hiyean averages

* Increased drought risk

* Increased erosion risk

* Increased risk of within season
drought

 Reduced growing season (too dry)
* Increased average temperatures
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Tage mit Wasserstress in der Vegetationsperiode

Change In days
e T e with crop water
" A stress in summer
(Mai-September)

Crop Model:
ROIMPEL

Simota et al., 2008
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Decreasing water
availability for
Lews o Irrigation in Europe
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(Eitzinger et al., 2009)




Developement of pests depend on temperature (corn borer)

(Eltzinger et al., 2009)



Diseases: depend on humidity and temperature mainly
Durrfleckenkrankheit (Alternaria) bei Kartoffel (Quelle: Glauninger) (E|t2|nger et a.l 2009)




. Example Ambrosia

(Eltzinger et al., 2009)




‘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 fearneg
directly, adopted and adapted. Agricultural, Weather, Climate, Water Sevices
services are vital elements to address needs and provide support and critical
@dvfses. Y




Main classes of adaptation (short and long term)

seasonal changes and sowing dates;

different variety or species;

other inputs (fertilizer, tillage methods, grain drying, other field operations);

H
u
m water supply and irrigation system;
u
B new crop varieties;

u

forest fire management, promotion of agroforestry, adaptive management

with suitable species and silvicultural practices (FAO, 2005).

Accordingly, types of responses include (ibid., p. 770-771):
reduction of food security risk;

identifying present vulnerabilities;

adjusting agricultural research priorities;

protecting genetic resources and intellectual property rights;
strengthening agricultural extension and communication systems;
adjustment in commodity and trade policy;

increased training and education;

identification and promotion of (micro-) climatic benefits and environmental

services of trees and forests (FAQO, 2005). FAO. 2007
27



Developed countries

i Change in cereal production under three

different GCM equilibrium scenarios
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Low input system solutions (dominating in developing countries)

 Including knowledge on adapted traditional (indigenous) techniques
or methods

« New low cost "high technology" (e.g. pumps, sensors, ...)

 Interactions with structural changes : Increase farm production
flexibility (mixed farming, agroforestry, Increase of institutional
support (micro insurances, ...) | 2
gl '*.'-._:‘ ;N:‘: '-'||_‘.' [ L . s O iy

approtec

A simple pump, powered by one
A person, can irrigate acres of land
LA easily, These pumps, pl_'oduced by
Approtee, are inexpensive and ef-

PHOTO 80 el
A woman fertilizing a crop field with great care and precision {Kenya) flCIEIl‘L’.

29



The Emviranmental Stratification of Eurppe
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Expected adaptation levels

In the light of expected impacts, which are the
best hypotesis of changes in management ?

MD5s

Cultivars adapted to warmer and drier

Soil water saving technologies

Soil erosion and fertility protection

Monitoring drought, pests and diseases

Use of seasonal weather forecasts

Crop insurance
New (warm season) crops

Crop rotations for better water use

—ran rotations for better nutrient use
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Improving, optimising, ....

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




Challenges for
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:
Remote Sensing, GIS, agrometeorological , crop and irrigation models,
measurement systems, data transfer and processing etc.
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WHY DSS??

Wity

Awareness of the risk

Passive protection

selection




WHY FARMERS NEED PREVISIONS ?

Awareness of the risk

Wiy

Active protection

probability for a frost tonight? Can the
Kl levels predicted compromize my crops
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Forecasting weather ...

METEQCRAM

Source: Republic Hydrometeorological Service of Serbia

Lalic, EMS11, September 2011, Berlin, Germany
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NWP products of interest in
agrometeorology

 Short-range weather forecast (out to 5 days)

* Medium-range weather forecast (out to 15
days)

e Monthly forecast (10 to 30 days)

» Seasonal forecast (out to 7 months)

* Climate model simulations (decades)




National Weather Service

Watches, Warnings & Advisories
Local weather forecast by "City, 5t" or zip code m E |

Frost Advisory
Proteccion
contra
:taS heladas:
undamentos,
SMS % practica
Servizio Alert _ y economia
Previsione delle gelate ANGELA
................................................ 3 gy | _I_:qn“j_": r
Iscriviti al servizio [9 11_-% - 15"-'5’.'__. i
.

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




On site measurements are crucial for
many agrometeorological applications
(e.g. crop protection)
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Meteorology-agrometeorology-earth observations

Support GAPs

Earth + model

observation (@) %%/z

Y/

- L
_XxX_TJ
L

To improve production (yield, quality)

To reduce risks and impacts, to ensure stability
and safety

To improve multifunctionality and agro-
ecosystem services




SP| Feb 2008 (1 month)

GPCC first—guess analysis

sehr stark stark moderat

SPI<==2 —2<5P|<=-1.5 =1 .5<5P <=1

GRAD DER TROCKENHEIT

Drought monitoring

(Source: Susnik, Drought Management Center for South eastern Europe
(DMCSEE); www.dmcsee.org)



Combination of
spatial data bases:
High resolution
water balance

Example: Surface Soil Moisture ASCAT Scatterometer 500m
Vs. Soil map
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Langfristiger Wasserstress
am 11. Juni 2003

raumberg
gumperistein

Kilometer
160

Datengrundlage: DHM (BEY), Messstationen 2003 (ZAMG), Feldkapazitét (MURER)
Erstallung: Schaumberger / Mai 2005 Geoinformation im landlichen Raum

Spatial data into GIS based agrometeorolgical/crop models:
Long term water stress factor of grassland June 11 2003




The grassland yield model concept
M. Trnka, J. Eitzinger

INPUT WEATHER DATA: INPUT SOIL DATA: INPUT CROP DATA:
TMAX TMIN, TAVG, SRAD, PREC, CUTTING DATES,

WIND, RH DEPTH OF THETPROFILE i NITROGEN FERTILIZATION

SOIL WATER BALANCE MODEL:

‘

S_W_B MODEL OUTPUTS:
EFFECTIVE TEMPERATURE SUM,
EFFECTIVE SOLAR RADIATION SUM
NUMBER OF SNOW DAYS

GRASSLAND STATISTICAL MODEL:
MULTIPLE REGRESSION VERSION

&
NEURAL NETWQRKS VERSION

DRY MATTER YIELD




dry matter yield (kg/ha)

Outlook :Using GRAM for grassland yield forecasting

BEGINING OF THE CUT

5000
OBSERVED YIELD
4000 I
[] -—
3000/ - H H
2000 I
GRAM PROBABILISTIC
FORECAST
STATISTICAL
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remaining days to the harvest

OBSERVED DAILY
WEATHER DATA:

DATE OF FORECAST
HARVEST OF THE CUT

INPUT WEATHER DATA:

(99 series)
TMAX, TMIN, TAVG, SRAD, PREC,

INPUT CROF DATA:
CUTTING DATES,
'_.:._'

SOIL WATER BALANCE MODEL:

S_W_B MODEL OUTPUTS:
EFFECTIVE TEMPERATURE SUM,
EFFECTIVE SOLAR RADIATION SUAM
MLIMBER QF SNOW DAYS

GRASSLAND STATISTICAL MODEL:
MULTIPLE REGRESSION VERSION
=

NEURAL NETWORKS VERSION



Gesamtsumme des Ernteertrages im Jahr 2003 in dt TM/ha

Ernteertrag in dt TM/ha
Summe fiir 2003

N N am—— Kilometer
0 20 40 80 120 160

( ' raumberg Datengrundlage: DHM (BEV), Messstationen 2003 (ZAMG), Feldkapazitat (MURER)
gUm penSTeln Erstellung: Schaumberger / Mai 2005 Geoinformation im landlichen Raum

Simulated drought damage in Austrian grasslands (Source:
Schaumberger)
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Difference between date of the last frost with @ -
the return probability 2 and 20 years

RCM - Frost risk (Agriclim)

Late frost window
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@Tmka M., Stepanek F.,, Semeradova D, Farda A, Skalak P, Balek J., Eitzinger J., Hlavinka P., Zalud Z. (2008)

Median = 14 days
Min = 6 days
Max = 38 days

Legend: [days]
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Late frost window

©Tmka M., Stepanek P, Semeradova D, Farda &, Skalak P., Balek J., Eitzinger J., Hlavinka P., Zalud Z. {2008}

Median = 16 days
Min = 7 days
Max = 33 days
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RCM - Sowing conditons (early spring)

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

B =5

G- 10
- 15
I 16 - 20
B2 -25
I 26 - 30
B 31-35
136 - 40
] >40

N

@ v

S

- 0 25 50 100
- Mendel T
University /i '1-” Rt
ofﬁgrieulture ® e J--_ g
and Forestry
in Bmo .. @ P ! H4g
- o® Awh , ;

; EHMUO
©®Tmka M., Stepanek F., Semeradova D., Farda A., Skalak P., Balek J., Eitzinger J., Hlavinka P., Zalud Z. (2008) @Tmka M., Stepanek P, Sermeradova D., Farda A, Skalak P, Balek J., Eitzinger J., Hlavinka P., Zalud Z. (2008)

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

a7



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)



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

Improving knowledge on spatial variabilites of surface
conditions

Below: Spatial soil varibilities (Hymap, Marchfeld)
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Precision farming: Spatial

yield dist

ribution, winter wheat
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Auswirkung auf Winterweizenertrag (%)

Ohne Zunahme von Extremereignissen !

ohne CO- effekt mit CO, effekt

2020er 2050er 2080er

2020er 2050er 2080er

I ECHAMA4

| | HadCM2
I cccmi

| | CSIRO-Mk2b

| | GFDL-R15
Modellierte Klimaszenarien

2020s 2050s 2080s

Crop model applications

B e Climate change impacts
——— e on winter wheat yields
| | GFDL-R15

IN Austria

(Alexandrov and Eitzinger, 2001)



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

present conditions HadCM high climate sensitivity = HadCM low climate sensitivity
2050
i £ s = i
= i - g =
P - fo
g3 FLA
= kb & ;
LT by,
<11 s
11-13 S, e
14-16 U
| RSk
- =19
0 500010000 20000 Meters (Thaler et al., 2008)

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



Yield change

Minimum vs. Conventional Tillage

1961-1920

[ JEUNUTS3
Yield change (%)
35-35
35-7
7-10
B 10 -15
B 15 -20
I 20 -25
B 25 -35
[ No data

Yield change

Minimum vs. Conventional Tillage
April-September, 2041-2050 HADCM3-A2

[ EV NUTS3
Yield change (%)
T -35
=.5-35
35-7
7-10
B 10-15
B 15 -20
B 25 -35
I 35 - 45
[ Neo data

Spring wheat yield change (%)
between minimum and
conventional tillage for baseline
(1961-1990)

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



Potential deviations between crop models — simulated yield

MAIZE — Minimum Soil Cultivation

Site A - 2003

Site A - 2004

T4 | 2 | Tt2 | Ttd | T4P | t4P |T2P|Tt4P| P T4 | 2 | Tt2 | Tt4 | T4P | t4P |T02P(TtdP| P

DSSAT 154 | -105| 139 | 158 | 343 | -322 | 32 | 376 | -206 249 | -221| 230| 283| 25 | -223| 237 | 284 | -19
EPIC 85 4 27| 54 | 459|443 | 451 | 47 | -435 62 MSEW 11| 21 |-127| 81| 83| o | 73

WOFOST 153 60 | 111|235 | 667 | 622 | 648 | -728 | -55.3 105| 52 | 83 |-169| 161|111 | 14 | 224| -6
AQUACROP| 41| a7 | 45| 56 | 867 | 86 | 863 | -868 | -858 C6N 19 | 24 | 28 | 135 | 118 | 125 | 133 | 121
FASSET e 2 2 | s |z || ez e | ad | 22 48 | 48| 48| 78| 58| 58 | 58 | 02 | 06
HERMES 2 2 2 13 | 262 | -262 | 262 | -396 | -35.1 SAIREORIN S Gl 28 | 37 | 37 | 37 | 234 | 43
CROPSYST | 56| 35 | 17| 51 |-111| 51| 86 | -102]| -74 65| 28 | 12 | 37 | -155] 114 | 136 | -1486 | -13
mean 7 | 19 | -4.8 | -85 | -41.9 | -39.7 | -40.7 | -45.5 | -39.8 69 | -32 | 54| 9.2 |-132]| -99 | -11.7 | -17.2 | -8.1

Site B - 2003 Site B - 2004
DSSAT 35| 07| 20| -77 | 543 | 542 | 548 | -588 | -50.9 06 | 06 | -01 0 |-158] -13 | 144 | -152 | 142
EPIC 8 | 11| 46 | 00 | 669 | 661 | 665 | €95 | 632 i 16 | 25 6 | =165 | -108 | <141 | 476 | <114
WOFOST | @28| 51| 95 | 136 [ -8905| 993 | 995| 90a| -117 488 | 24 | 27 | 67 |-221| 205|207 | 236 | 48
AQUACROP| 4 | 63| -78 | 101 | =721 | 76 | 765 | -77.2 | -758 07| 02 | 03| 09| 43 | 408|418 -405| -40
FASSET 29| 29| 29| 46 | 261 | -261 | 261 | -253 | -23.9 45| 45| 15| 11| 06| 06 | 06 | 04 1

HERMES 63| 63| 63| 81 | 693 | 693 | 693 | 692 | 608 63 | 63 | 63 | 72 [z NizaG s a5
CROPSYST | 74| o6 | 52| 71 | 1186| 73 | 101 | -102 | 94 16| 37 | 44| 9 | 278|231 | 258 -266 | 249
mean 178 | -27 | 45 | -7.8 | -59.3 | -58.2 | -58.8 | -60 | -44.9 46 | 12 | -06 | -22 |-107| -84 | -95 | -105| -7.5
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