Atmospheric circulation types and
extreme areal precipitation in southern central Europe —
Impacts of present and future climate change

Jucundus Jacobeit,
Markus Homann, Andreas Philipp, Christoph Beck

Institute of Geography, University of Augsburg



Bayerisches Landesamt fir

F

Umwell - /\@
ZAMG

L]
w Universitit Zentralanstalt fir
h Augsburg ereorsegie vnd
University Geodynamt

-
Land Salzburg bfg e

Fir unser Land? R /

MINISTERIUM
FUR EIN
LEBENSWERTES Deutscher Wetterdienst
OSTERREICH Wetter und Klima aus einer Hand

WETRAX

}
Bayerisches Staatsministerium far f
@ ./1' Umwelt und Verbraucherschutz =8

Weather patterns,
cyclone tracks and
related precipitation

Zentralanstalt fur Meteorologie und Geodynamik ext remes

KONTAKT UND INFO
Michael Hofstatter (Projektleitung)

Hohe Warte 38, 1190 Wien, Osterreich

m.hofstaetter@zamg.ac.at
Tel.: +43 1 36026 - DW 2203

" 2ZAMG
Zentralanstalt fiir
Meteorologie und

Geodynamik



Data bases:

- daily gridded rainfall data 1951-2006
(ZAMG, DWD, 6 km horizontal resolution)

- NCEP1 re-analysis data of atmospheric variables
(e.g. SLP, geop. heights, omega, specific and relative humidity)

Projections of global climate models (esp. ECHAMG6-ESM, ECEarth)
for two periods and two scenarios:

- 2021-2050 and 2071-2100
-RCP 4.5 and RCP 8.5



Regions of similar precipitation variability
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1st approach: Automatic classification of cyclone tracks
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Vb-track
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Second approach:

- Classification of large-scale atmospheric circulation types

- Derivation of seasonal heavy precipitation frequencies
and heavy precipitation amounts for the rainfall regions
dependent on the occurrence frequencies of circulation types

- future assessments based on modified occurrence frequencies
of circulation types in global climate model projections



Basemap ETOPO2v2
in Lambert Equal Area,
Created with GRASS
and OpenOffice by

A Ph | ipp & D. Guetter,

University of Augsbur: g
(2009)

Domain 06 (Alps): 41N-52N, 3E-20E



finally applied circulation type classification: SANDRA
(Simulated ANnealing and Diversified RAndomization)

- with differently weighted variable fields
(SLP, Omega and rel. humidity 700 hPa level)

- conditioned mode (inclusion of regional rainfall time series)
- separately for seasons and rainfall regions

- uniform number of classes: 18



Percentage share of days with heavy precipitation
within the 7 rainfall regions
for the circulation types (CT1 to CT 18) in Spring

N-West | Erzg | S-West| East N-Luv | Centre | South
CTl 0 5,04 0 3,49 5,81 0,78 0
CT2 17,44 18,6 9,3 10,47 | 13,95 | 24,42 1,55
CT3 1,16 1,94 1,94 9,69 4,26 1,55 55,04
CT4 0 0 0 0 0 0 0
CT5 0 0 0,39 0 0,39 0,39 0
CT6 2,33 5,43 19,77 3,1 10,47 | 11,24 0,39
CT7 4,26 3,49 5,81 3,49 6,2 6,2 1,94
CT8 0 0 0 0 0 0 0
CT9 1,16 0,39 6,59 0 0 0,78 0
CT10 45,74 | 20,54 7,75 1,94 0,39 19,77 0
CT11 1,55 4,26 4,65 9,69 10,47 3,49 20,54
CT12 0 0 0 0 0 0 0
CT13 7,36 7,36 34,11 4,26 9,69 20,16 5,04
CT14 1,16 6,59 8,91 20,54 | 31,78 5,81 12,79
CT15 0 2,71 0,39 1,16 0,39 0 0
CT16 0,78 17,44 0,39 29,84 6,2 2,33 1,55
CT17 16,67 5,43 0 0,39 0 3,1 0
CT18 0,39 0,78 0 1,94 0 0 1,16




Percentage of days of Spring circulation types (CT1 to CT18)
connected with heavy precipitation in the 7 rainfall regions

N-West | Erzg | S-West | East N-Luv | Centre | South
CT1 0 3,92 0 2,71 4,52 0,6 0
CT2 60,81 64,86 32,43 36,49 48,65 85,14 5,41
CT3 1,6 2,67 2,67 13,37 5,88 2,14 75,94
CT4 0 0 0 0 0 0 0
CT5 0 0 0,2 0 0,2 0,2 0
CT6 2,47 5,76 20,99 3,29 11,11 11,93 0,41
CT7 64,71 52,94 88,24 52,94 94,12 94,12 29,41
CT8 0 0 0 0 0 0 0
CT9 1,02 0,34 5,76 0 0 0,68 0
CT10 78,67 35,33 13,33 3,33 0,67 34 0
CT11 7,41 20,37 22,22 46,3 50 16,67 98,15
CT12 0 0 0 0 0 0 0
CT13 21,35 21,35 98,88 12,36 28,09 58,43 14,61
CT14 3,57 20,24 27,38 63,1 97,62 17,86 39,29
CT15 0 1,22 0,17 0,52 0,17 0 0
CT16 2,08 46,88 1,04 80,21 16,67 6,25 4,17
CT17 11,88 3,87 0 0,28 0 2,21 0
CT18 0,26 0,52 0 1,3 0 0 0,78




Centroid CT 7, Spring 1951-2006
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Centroid CT 3, Spring 1951-2006
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Centroid CT 11, Spring 1951-2006
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Centroid CT 10, Spring 1951-2006
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Centroid CT 13, Spring 1951-2006
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Centroid CT 16, Spring 1951-2006
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Explained variance [in %]

Multiple linear regression models for seasonal heavy precipitation

Predictors: monthly frequencies of circulation types

In each case 5 Models with 5 different calibriation and validation periods

Explained variance of heavy precipitation amounts

during the validation periods, Winter
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» Regional and seasonal differences (highest performance in winter)

» Indications for non-stationarities of predictor-predictand-relationships esp. in summer



Frequency changes [%]
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Heavy precipitation frequencies Spring, % changes wrt 1971-2000,
based on ECHAM®G6-Predictors
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Heavy precipitation amounts Spring, % changes wrt 1971-2000,
based on ECHAMG6-Predictors
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Percentage of days of Summer circulation types (CT1 to CT18)
connected with heavy precipitation in the 8 rainfall regions

N-West | S-West | N-Luv | East Erzg | Centre | South | N-Cz
CT1 34,6 7,4 25,9 12,4 91,4 53,1 0 63
CT2 53,5 30,8 4,1 0,6 20,9 49,4 0,6 7
CT3 0,5 0,5 1 7,7 0,5 0,5 47,2 0
CT4 0,2 0 0 0,2 0,2 0 0 0
CT5 7,1 67,9 96,4 75 46,4 21,4 71,4 75
CT6 0 4,4 52,2 78,9 13,3 7,8 4,4 52,2
CT7 0 0 0 0 0 0 0 0
CT8 2,3 29,9 30,4 13,6 3,3 7,9 5,6 15
CT9 6,3 26,1 36 51,4 6,3 1,8 99,1 12,6
CT10 0,8 0 0,3 5,3 3,9 0,3 0 19
CT11 14,3 0 0 0,3 6,3 2,5 0,3 1,1
CT12 0 0 0 0,3 0 0 0 0
CT13 0 0 0 0 0 0 0 0
CT14 0 0 0,7 1 1,2 0,5 0 2,6
CT15 25,8 93,9 62,1 10,6 34,9 68,2 15,2 40,9
CT16 3,8 5,8 0 0 2 3,5 0 0,6
CT17 9,3 0 1,2 5,7 10,5 8,1 2,4 8,7
CT18 1,6 0 0 0,3 0 0,3 0 0,3




Centroids CT 1, Summer 1951-2006
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Centroids CT 5, Summer 1951-2006
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Centroids CT 15, Summer 1951-2006

| [ [ |
994 998 1002 1006 1010 1014 1018 1022 1026 1030




Centroids CT 9, Summer 1951-2006
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Heavy precipitation frequencies Summer, % changes wrt 1971-2000,

based on ECHAMG6-Predictors
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» 2021-2050 mainly increases for RCP8.5 (up to +10%)
» decreases 2071-2100 (up to -16%) esp. for RCP8.5



Heavy precipitation amounts Summer, % changes wrt 1971-2000,

based on ECHAMG6-Predictors
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Circulation type 12, Winter 1951-2006
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Circulation type 15, Winter 1951-2006
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Circulation type 11, Winter 1951-2006
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Summary of Essentials:

Circulation types important for heavy precipitation:

Cut-off lows (with different positions)
Zonal circulation patterns (for northern and western parts)

Meridional circulation patterns (esp. for the southern part)

Mixed circulation patterns (esp. for the northern margin of the Alps)



Recent changes of CTs important for heavy precipitation:

significant only in some few cases

Future changes of CTs important for heavy precipitation:

In general: increase of zonal patterns in winter,
similar or decresing frequencies of , heavy prec. CTs” in summer,
lowest number of significant changes in autumn

but also deviations for particular CTs
between the different global climate models



Future projections for heavy precipitation:

Spring:
increases confined to northern parts for RCP8.5 in 2071-2100
Summer:
2021-2050: mainly increases esp. fiir RCP8.5,
but not based on EC-EARTH!
2071-2100: decreases for RCP8.5 and mostly also A1B,
but often insignificant with EC-EARTH!
note: only valid for extreme areal precipitation!
Autumn:

no significant changes

Winter:
increases in some regions for A1B esp. in 2071-2100,
but not with ECHAMG6 and EC-EARTH!
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deviation of amounts [%)]

Uncertainties of heavy precipitation amounts, Region S-West Spring
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Future projection for cyclone track Vb (zama)
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Winter (Nov-Mar)
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Precipitation changes [%)]
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Future improvements by consideration of

Soil moisture
Persistence of circulation types
type-internal characteristics

Non-stationarities
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