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Historic climate variability— Central Europe

Vorherrschende Witterungstypen seit 1505 nach Dekaden

(Schweizer Raum, verdndert nach Pfister 1999)
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Reconstructed weather conditions 1505 till 1995 (after Pfister 1999)
(Source: Eitzinger et al., 2009)



Climate variabllity in history — impact reports
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Sehr harter, Tdneereicher Jinter.

 Selr heiger Sommer, gquted TWeinjahr.

Sehr falter Winter, Haufiqge Ungerwitter.

Gutes AWeinjabhr.

Sehr fhlechter Wein, wie anno 1275,

Sehr guited IWeinjabhr.

Sehr trodener Sommer, man fonnfe
bie Donau an vielen Stellen durd=
twatern.

Sehr falter Winter. Dasd Getveibe vers
barbh gdanglich, bdie $Sifer fraBen bie
Biamwme und Weinftocde ab.

Sehr wenig, faft gar fein 2Wein wegen
ver Stafer.

Regen und Hagel veriviijiete SFeldber nund
LWeingirten, Thenerung in Oejterreid.

. frudhtbared Jabhr, fehr guter LWein.

Die feit drei Jahren anhaltenbe Hungers-
noth errveicdhte bew Hidiftent Grab: faft
Nlesd verfdpmaditete. Allgemeine Sen=
hen, qroges Sterben. Kein Wein.

Harter IBinter, unerhdrier Mangel und
Hunger. Ganzlider Setreibemangel.

Sdlechted Weinjahr.

Der Froft am 24, Mai zerftivie Wein
nunbd Getreibe.

TBein pon jeltener Giiite.

Ein febr fruchtbared FReinjahr, jo dak
man bie Fafjer zum Fitllen nidht anf=
treiben fonmnfe.

Biel NRegen, fdjledite Grute und IWeinlefe.

Biele Henfchreden.

Heftige Stitrme.

Sdylechieds YBeimjabhr.

Austrian source from 1292-1343 (after Puntschert 1894)

(Source: Eitzinger et al., 2009)



Temperature anomaly (°C)
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Forced potential evapotranspiration vs. 1961-1990

(eastern Austria)
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(Eitzinger et al., 2009)



PDSI-index - Peak intensity of DROUGHT

PDSI - 1961-1990

PDSI-index - Proportion of months in DROUGHT

PDSI drought index
under precipitation scenarios eastern Austriamka et al, 2008)



Heat waves in Austria
1954 - 2004
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Table 8. Correlation coefficients and p values (in brackets. underlined values are
significant) between AMI describing number of dry days and observed MZ yield. No
effect: 11 of 22: with effect: 7 of 22.

. Dstart Dintensive Dextreme Dvextreme
Location ANLJ JIA  MAM AMJ JIA  MAM AMJ JIJA  MAM AMJ JJA
Ziharec 0.59 0.10 0.65 0.59 0.13 0.52 0.50 0.08 0.08 0.63 -0.12
(0.05) (0.76) (0.03) (0.05) (0.70) (0.10) (0.11) (0.81) (0.81) (0.03) (0.72)
Podhajska 0.19 042 0.26 0.23 —-0.51 049 010 —0.32 040 0.12 —0.15
(0.57) (0.19) (0.44) (0.49) (0.10) (0.12) (0.76) (0.33) (0.22) (0.72) (0.63)

Table 9. Correlation coefficients and p values (in brackets.

underlined wvalues are

significant) between AMI describing number of dry days and observed WW yield. No
effect: 27 of 49: with effect: 3 of 49.

Dstart Dintensive Dextreme Dvextreme
Location

AMNLT MAM AMT MAM AMJ MAM AMIT

—0.49 —0.41 —0.52 —-0.16 —0.39 0.10 —-0.16
Gross-Enz. Rk .

(0.04) (0.10) (0.03) (0.33) (0.12) (0.70) (0.53)

—-0.22 —0.13 —-0.32 —0.41 —-0.30 —0.48 —0.34
RimskiSancevi i ) ) _ )

(0.30) (0.54) (0.12) (0.04) (0.15) (0.01) (0.10)

—0.37 —0.26 —0.31 —-0.28 —0.43 —0.61 —0.39
Ziharec . ; . : : . . :

(0.213) (0.39) (0.30) (0.35) (0.14) (0.02) (0.18)

. —0.34 —0.38 —0.31 =017 —0.51 —0.42 —0.41

Podhajska .

(0.21) (0.16) (0.26) (0.54) (0.05) (0.11) (0.12)

—0.24 0.00 —0.38 =27 —0.27 —0.18 —0.15
Belusa i ) .

(0.37) (1.00) (0.14) (0.31) (0.31) (0.50) (0.57)

+

oy

(H)*
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Table 6. Correlation coefficients and p values (in brackets. underlined values are
significant) between AMI describing number of days with extreme temperatures and
observed MZ vield. No effect: 17 of 30: with effect: 6 of 30.

L . April May June July August
aftl
ocation SumD FrostD TropD SumD TropD SumD TropD SumD TropD SumD
e 0.03 -043 -031 -034 -—-007 —0.37 0.15 -0.05 —0.64 —0.42
DubrovcakLijevi _ ) e )
(0.93) (0.18) (0.35) (0.30) (0.83) (0.26) (0.65) (0.88) (0.03) (0.19)
Zih 0.09 0.24 0.51 0.38 -0.01 -001 —-058 —072 -—-0.25 —0.25
raree 0.79)  (047) (0.10) (0.24) (0.97) (0.97) (0.06) (0.01) (0.45) (0.45)
—0.47 0.08 0.00 -0.20 —-0.19 —0.11 0.08 0.06 -0.56 —0.56
Podhajska , ) ) )
(0.14) (0.81y (1.00)y (0.55) (057) (0.74) (0.81) (0.86) (0.07) (0.07)

Table 7. Correlation coefficients and p values (in brackets. underlined values are
significant) between AMI describing number of days with extreme temperatures and
observed WW yield. No effect: 41 of 63: with effect: 2 of 63.

Locati January February March April May June
oeation FrostD  FreezD FrostD FreezD FrostD  FrostD SumD  TropD  SumD
—0.14 —0.14 —0.43 —0.43 —0.27 0.14 —0.32 0.04 —0.24
Gross-Enz. _ - _ ) e e
(0.59) (0.59) (0.08) (0.08) (0.29) (0.59) (0.21) (0.87) (0.35)
_ —0.27 —0.10 —0.42 —0.44 —0.03 -0.22 —0.02 —0.24 —0.30
RimskiSancevi , _ ) ) P
(0.20) (0.64) (0.04) (0.03) (0.88) (0.30) (0.92) (0.23) (0.15)
Zih —0.37 —0.44 —0.12 —0.34 —0.33 —0.06 —0.22 —0.33 0.07
iharec
(0.21) (0.13) (0.69) (0.25) (0.27) (0.54) (0.47) (0.27) (0.82)
—0.23 —0.32 —0.15 0.08 —0.02 —0.23 —0.64 —0.58 —0.29
Podhajska e ) ) :
(0.40) (0.24) (0.59) (0.77) (0.94) (0.40) (0.01) (0.02) (0.28)
Bel 0.11 —0.23 —0.30 —0.28 —0.21 —0.03 —0.20 —0.32 —0.17
eusa 0.68)  (0.39)  (0.25)  (0.29)  (0.43)  (0.91)  (0.45) (0.22)  (0.52)

(1)
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N-Mineralisierung
=]
]

20 0

wassergefullter Porenraum [Y6]

Soil temperature and wetness vs. soil N-mineralizati  on

(Eitzinger et al., 2009)



Wind erosion — a combination of drought and wind and soil m anagement

(Eitzinger et al., 2009)



Water erosion (up to 300t/ha during one precipiataion even t of 80mm/h)
(Eitzinger et al., 2009)



Mulching and reduced soil cultivation: Grass soil cover (Mulch) agains soll
erosion

(Eitzinger et al., 2009)




Developement of pests depend on temperature (cornb  orer)

(Eitzinger et al., 2009)
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Radiation frost — May 2012 (Goattlesbrunn)




Ertrag [kg/ha)

Ertrag [kg/ha]

National yield trends in Europe

Deutschland
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(Eitzinger et al., 2009)



4 #
I 'S5
4
$ 6 .4 549 :
!
!
% & 6 5 .
4
. 6 7 # '
( # ; # 4 '
' 5
3 4 5
) "5
" % !
* % !

(Eitzinger et al., 2016)




ZL1—96 pe Awouoiby - "doin3 -sbiueys speuno

0} swayshs uogonpoid dous uesdoing jo uoneldepe pue spPedW| -Mmalnay
-LL0Z "Bealy "4 'Yeakzoy T 1SS0y "4 'oluleg-Usucysd d

‘aunbes g 'Beajshis "0 ‘wWnegasiay "Dy "EdUIL W T Ussal0

o Lesesesmpay - SOy [ |

b oy esceuzapay - N [T

ez -y [

waeyen-s [ |
uenouue - s [
e ey - 349 [0
e - oo [
wpnas 2urdy - 5w [
o ey - Ny [
pescusen - gan [T
feaeeg - wod [

oy sy - T [

3UOZ [BJUSLILOIIALT

aoang 10 UONRIYNRAS |EIUSLLLOIALT 3Y)

s

oL

S0

B 5

o | oo

sjoedwl sbueyos sjewin

lﬂvﬁvi_l!ﬁ g aedns u_.u.-u.ui I.Tﬂl ARl s ABLIES'T JEDYSM

sass0] uabony
uaisoia [os
Spaai
SISEAEIP PUE 1S3d
e

wilinosg

Auyigesiea jenuuela
SUONDUOD ISSAIRY SjqRING
afiewep 15014

affewrep Bup@iumisag
voseas Buimolb jo Uopeing
{z) NOD

sassa uaboniy
uoysods fjog
spaam
5a5ESD pUe 1Sad
rey
s5ails Jeal
wilnoig
 Aungeien jenuuesony
SUOIPUOI ISAIRY ajqeyng
afewep 15004
affewen Gupaiuimiaao
uoseas Buimosl jo voneing
fz) aiv
sasso| ualioniN
uojseda [log
Spaam
SSEISID PUE 1584
e
STRIITF IRGH
wbnosg
Ayjigeriea jenuuesaiu
SUDIPUOD ISAAIRY afgRIIng
afewep 15044

. aficwep BULIBILIMIBAD
voseas Bumouli jo voneing

Z' iy




23



General climate change impacts
INn European crop production regions (observed)

Trend to increasing summer droughts and heat days : more
drought stress days for crops

Increasing length of growing season ; shortening of growing
cycles

Regional increasing trends in  weather extremes (heat, halil,
floods) lead to higher production risks

Forced changes in occurence of pests, diseases and weeds
due to the warming trend (spatial shifts depending on
elevation)

Less snow cover and warmer winter  periods can increase
disease pressure and change crop timing

Shift of crop phenology changes timeing of farm management
(shift of crop management, harvest date etc.)



Map 2.4 Projections of extreme high temperatures

Number of combined tropical nights (= 20 °C) and hot days (> 35 °C)

[ NN | [T | vodae

0 2 6 10 14 18 22 26 30 34 38 42 46 50 I:I Outside coverage

Note: Extreme high temperatures are represented by the combined number of hot summer (June-August) days (TMAX > 35 °C)
and tropical nights (TMIN = 20 °C). All projections are the average of six regional climate model (RCM) simulations of the
EU ENSEMBLES project using the IPCC SRES A1B emission scenario for the periods 1961-1990, 2021-2050 and 2071-2100.

Source: Fischer and Schér, 2010. © Nature Publishing Group. Reprinted with permission.

EEA, 2012



Map 2.6 Projected changes in annual (left) and summer (right) precipitation (%) between
1961-1990 and 2071-2100

Projected changes in in annual precipitation (9%) Projected changes in in summer precipitation (%)
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Note: Projections are based on the ENSEMBLES project. They have been obtained from different regional climate models (RCMs)
performing at 25 km spatial resolution with boundary conditions from five global climate models (GCMs), all using the IPCC
SRES A1B emission scenario.

Source: van der Linden and Mitchell, 2009,

EEA, 2012



Map 2.8 Projected changes in 20-year maximum precipitation in summer and winter

Projected changes in 20-year maximum precipitation in summer and winter

(%)

B [ [ [ [ .

— 40 - 20 0 20 40

Note: Projected changes in 20-year maximum daily precipitation in summer (left) and winter (right) from 1961-1990 to 2071-2100
based on the ensemble mean using a regional climate model (RCM) nested in & general circulation model (GCMs). Changes
that approximately lie outside of £ 10 % for the ensemble average are significant at the 10 % significance level.

Source: Nikulin et al., 2011. EEA, 2012



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 F., Zalud Z. (2008)
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Regionales Klimamodell, basierend auf ARPEGE, SRES A1B
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(Eitzinger et al., 2009)
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Late frost window Late frost window
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(Eitzinger et al., 2009) 2



Main CC impacts on agriculture in Europe

Summer drought and heat are the most negative impacts on
crop production potentials, especially for summer crops.

Soil conditions (water storage capacity) plays an increasing
important role for differentation of production potential

Many regions with increasing mean production potential (cool-
humid regions (e.g. alps), which could be used due to existin g
well developed agricultural infrastructure (e.g. introduction of
high yielding crops such as maize production)

Soil erosion will be an specific problem to be adressed in many
Central European regions due to increasing heavy precipita tion
and winter precipitation, especially in hilly terrain.

Permanent grasslands will decrease in production potential in
many semi-humid regions. Large land use changes could
follow in the long term.

Increasing potential growing areas  of permanent crops (wine)
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