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Adverse Weather Impacts
are result of climate variability

Observations



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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Temperature anomaly (°C)
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Forced potential evapotranspiration vs. 1961-1990
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PDSI-index - Peak intensity of DROUGHT

PDSI - 1961-1990

PDSI - 1991-2004
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Heat waves in Austria
1954 - 2004
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Central European drought impacts on Maize and Wheat
(exp. yield statistics > 15years)

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.

L . Dstart Dintensive Dextreme Dvextreme
ocaftion
AMT JJA MAM AMJ JJA MAM AMJ JJA MAM AMNJ JJA
Ziharec 0.59 0.10 0.65 0.59 0.13 0.52 0.50 0.08 0.08 0.63 —-0.12 . .
| | . Maize: April-June
(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 —0.42 0.26 0.23 —0.51 0.49 0.10 —0.32 0.40 0.12 —0.15

(0.57) (0.19) (0.44) (0.49) (0.10) (0.12) (0.76) (0.33) (0.22) (0.72) (0.65)

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

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

o , ~0.22 -0.13 ~0.32 -041 ~0.30 —0.48 ~0.34 WW: May-June

RimskiSancevi i ) ) _ )

(0.30) (0.54) (0.12) (0.04) (0.13) (0.01) (0.10)

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

(0.213) (0.39) (0.30) {0.33) (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 : : : :

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

Lalic et al., 2014



Central European heat impacts on Maize and Wheat
(exp. yield statistics > 15years)

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)

Maize:
May-August

WW: May-June

Lalic et al., 2014
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Soil temperature and wetness vs. soil N-mineralizati  on

(Eitzinger et a., 2009)



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

(Eitzinger et a., 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 soill
erosion

(Eitzinger et a., 2009)




Developement of pests depend on temperature (cornb  orer)

(Eitzinger et a., 2009)
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Radiation frost — May 2012 (Gottlesbrunn)
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National yield trends in Europe
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Adverse weather

indicators (examples)

Hot spots

Drought

Drought prone regions, relevant for crop stress and pest development

Heat

Mainly lowland regions; heat stress and fertility impact on several crops; related increased
ozone levels leading to yield losses

Soil conditions for crop (root) growth

All regions with loamy-clay soils (critical temperatures and wetness) and sandy soils (drought)

Heavy precipitation

Especially humid regions (alpine and pre-alpine regions); relevant for lodging and diseases as
well as soil surface hardening

Snow cover conditions

In all regions with extreme snow cover variation (too much, too long or too less )

Overwintering conditions

Frequency and duration of mild/cold fluctuations during winter; weakening frost hardiness,
chilling conditions

Humidity and leaf wetness

Humid crop growing regions; important conditions for many diseases

Harvest conditions

Crop specific, include all weather parameters

Soil workability

For soil cultivation and crop management; danger of soil compaction

Suitable conditions for crop
management measures

i.e. number of frequency of dry / calm days within certain periods, crop specific

Drying conditions

Field drying conditions, relevant for yield quality and diseases (i.e. fusarium)

Frequency of rains

Relevant for diseases and pests; biomass accumulation (low radiation and cloudiness)

Frost damage

Especially spring crops and orchards; huge damage potential for sensitive crops; strong impact
of orography

Soil erosion Direct damage and long term effects on soil fertility (and nutrient and water storage capacity);
strong effect of soil cover and orography

N-leaching Cereals and high yielding crops such as maize; strong impact of soil conditions and crop
management, high spatial variability

Disease risks Many

Pest risks Many

(Eitzinger et a., 2016)
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Adverse Weather conditions

under Climate Change scenarios

23



General climate change impacts
In 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

+1°C = +7% water vapour in atmosphere

~J |

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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Mittlere Anzahl der Tage mit Schneedeckebedeckung

Regionales Klimamodell, basierend auf ARPEGE, SRES A1B
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(Eitzinger et a., 2009)



Difference between date of the last frost with

the return probability 2 and 20 years

RCM - Frost risk (Agriclim)

Late frost window

©Tmka M., Stepanek P, Semeradava O, Farda‘A . Skalak P, Balek J., Eitzinger J., Hlavinka P., Zalud Z. (2008)
Median = 14 days

Min = 6 days

Max = 38 days
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(Eitzinger et a., 2009) *°



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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