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ABSTRACT

METHODOLOGY

We evaluate links between atmospheric circulation and three- STUDY AREA & INPUT DATA N < P )J <
dimensional (3D) heat wave types in Middle Europe (one of _ njiddle Europe [2-16°E, 48-55°N] (one of the PRUDENCE regions, - _ S g
the PRUDENCE regions) over 1979-2022. Heat waves are Christensen & Christensen 2007) 60°N - S Iy iy "
classified according to their 3D structure of positive _ 19799022 oeriod [
temperature anomalies in ERAS into near-surface (HWG), tended (June=September]
lower-tropospheric (HWL), higher-tropospheric (HWH), and SOENaeT SHITIMET SEason THNETEptEmnet > h o] ; S

_ ’ ] ’ — 0.1x0.1° long-lat grid boxes T N s
omnipresent (HWO) types (Lhotka & Kysely 2024). The o 45" ._

. . e e . . _ — E-OBS data (temperature, precipitation)
Jenkinson—Collison classification is used to identify circulation . 40°N -
types (CTs) with increased frequency during the individual NCEP/NCAR reanalysis (sea level pressure)

— ERAS (temperature at 2 m and in 12 vertical levels from 850 up to 300 hPa with 357N~

50 hPa step)
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Figure 1: Study area

heat wave types, and their climatological characteristics
(including mean temperature anomaly, precipitation, and

Water defined
evapotranspiration minus precipitation) are studied in E-OBS

Climatic Balance index as potential

HEAT WAVES (3D)

— based on 2m temperature data and temperatures at 12
vertical levels

— three vertical layers defined:
* near-surface (2m temperature)
* lower troposphere (mean of levels from 850 to 600 hPa)
* higher troposphere (550 to 300 hPa mean)

— heat wave is defined as a sequence of at least 3 consecutive days when an area of

CIRCULATION TYPES (CTs)

— Jenkinson & Collison (1977)
classification into 26 CTs + U
(based on strength, direction
and vorticity of flow) for

Middle Europe

data. We show that the mean surface temperature anomalies
are largest during HWG (+7.1 °C), while HWL are the driest
heat wave type according to mean daily precipitation (0.4

mm). At the same time, HWG types show the driest

conditions before their onset. In all heat wave types there is a

large increase in the frequency of southern CTs compared to — CTs were grouped into 11

the June-September climatology, but differences among the positive temperature anomalies above the 95th percentile was larger than 1/3 of the ‘supertypes’:

heat wave types are found for other CTs. In HWG, the most region in any of the 3 layers (Lhotka & Kysely 2024) e S=S CS AS e A=A
frequent CT is U (undefined), corresponding to little _ picaq on prevailing locations of temperature anomalies above the 95th percentile, . N_—N Cll\l AN . C:C
pronounced pressure pattern over Middle Europe with no  heat waves are classified into 4 types: . W:W CV\’/ AW . U_—U
clear role of anticyclonic circulation or flow direction. The near-surface (HWG) cE=F 'CE A"E

expected pattern of increased anticyclonic and decreased e lower-tropospheric (HWL) e

NE = ANE, CNE, NE

SE = ASE, CSE, SE

SW = ASW, CSW, SW
NW = ANW, CNW, NW

cyclonic flow is clearly manifested only for HWH and to a « higher-tropospheric (HWH)

 omnipresent (HWO)

overall 14 HWG, 12 HWL, 14 HWH & 13 HWO identified in the region of Middle
Europe over 1979-2022

mean length 6.2 days for HWG while 3.7—4.2 days for the other heat wave types

Figure 2: Mean sea-level pressure for 8 out of 27

lesser degree for HWO and HWL types, while it is reversed for

objectively-derived circulation types centred on Middle

HWG. The analysis contributes to a better understanding of _ Europe (for illustration).

the interrelationships between heat waves, atmospheric
circulation, and other driving mechanismes. _

RESULTS

Table 1: Frequency (freq.) of CTs, Cef (efficiency coefficient; ratio of frequency of a given CT in heat waves compared to the mean June—September

frequency), dev. TG (temperature anomaly from the mean June—September value of 16.6 °C) and mean precipitation (P) for individual heat wave

types. In the bottom row, the mean values of dev. TG and P for days in individual heat wave types are shown. 26 67
HWG HWL HWH HWO
57|
CT freq. Cef dev.TG P freq. Cef dev.TG P freq. Cef dev.TG P freq. Cef dev.TG P
[%] [[1 [°C] [mm/d] [%] [[1 [°C] [mm/d] [%] [[1 [°C] [mm/d] [%] [[1 [°C] [mm/d] 8
A 19.57 088 6.45 0.17 [32.00 143 3.89 0.17 [46.15 2.07 182 0.28 [29.63 1.33 4.10 0.33 Heat v:lave day
AN - - - - 200 093 491 0.28 - - - - - - - — Figure 3: Mean cross sections . .
) . emperature anomaly [°C]

ANE | 2.17 213 7.48 1.11 —~ —~ —~ —~ — — — — — —~ —~ —~ showing temporal evolution of - . B S

AE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ regionally-averaged temperature 02 04 06 08 10 12 14 16 18

ASE | 2.17 289 6.47 069 | - - - - - - - - | 1.85 247 491 0.00 | gnomalies (TA) above the 95th

AS | 2.17 247 538 0.00 | 6.00  6.82 542 000 | 577 [ 656 297 005 | 1.85 210 574 0.08 | percentile of summertime daily
ASW | 1.09 053 8.07 007 | - - - - | 192 094 064 0.00 | 926 | 452 6.05 0.21 | temperature distribution. Dots = o

AW | - - - - - - - _ | 577 136 328 077 | 370 087 437 174 | PositiveTAoccurredin>50% of the
ANW — — — — 200 055 267 066 | 3.85 1.07 4.40 0.83 - - - - :ezgt_;lzn;o]fai;:h;odgjin: /\Z\mz\;z N

C 10.87 140 7.17 530 | 800 103 6.13 212 | 385 050 6.92 287 | 370 048 7.08 3.97 ’ )

stand for mean proportions [%] of . 1 - °
CN - - - - - - - - - N - - - - - - positive TA (intensity and spatial g o
CNE B B B - - - - - 1.92 447 522 095 - Bl Bl B extent combined) in near-surface g -1 ° o 3
CE 1.09 232 8./0 1.31 B B B B B B B B B — B - (red), lower-tropospheric (green), ¥ :
CSE | 1.09 168 8.16 0.12 — — — — — — — — 3.70 | .69 8.17 274 | 4 higher-tropospheric  (blue) 7 -31 ° ., ° e
CS 543 | /765 754 230 | 200 282 841 0.00 | 192 270 6.58 5.75 — —~ —~ —~ layers. o . °
_ _ _ _ _ _ _ _ 5 - ¢

CSw | 217 150 6.97 1.82 1.85 128 6.69 7.14 Source: Lhotka & Kysely (2024) $ c ° o

Cw —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ - o o !
CNW — — — — — — — — — — — — — — — — _ _ ,

N | - - - - | 200 057 876 000|192 055 -1.24 013 | 1.85 053 629 049 | 9ure Dijerences between PET

NE ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ and precipitation (P) for individual ®

E _ _ _ _ 500 M350Y 520  0.20 ~ ~ ~ ~ ~ _ _ _ heat wave types on three days HWG HWL HWH HWO

' : ' ' before, during, and three days
SE | 1087 423 /.08 056 | 6.00 233 565 000 | 385 150 542 0.81 |1296 5.04 6.10 0.14 d b ‘ The black [i y _
S | 543 168 727 191 |12.00 (870" 635 031 | 7.60 2.37 528 145 | 926 2.86 817 057 | . cdtwaves heblackineln B 3 days_before B during HW B 3 days_after
) . ) ) ' : ) ) ) . ) ) ) . ) ' the boxplots shows the median.

SW — — — — 800 116 792 105 | 577 084 349 3.18 | 556 080 7.63 251

W —~ —~ —~ —~ 200 0.21 803 005 |38 040 4.71 0.70 — —~ —~ —~

NW | 1.09 0.14 8.52 0.23 — — — — —~ —~ —~ —~ 1.85 0.24 3.35 10.61 S U M MARY

U 3478  3.18 7.42 086 |12.00 1.10 6.10 0.52 | 577 053 591 195 |12%96 119 762 1.79
mean - - 7.13 | 1.29 — — 5.49 | 0.44 — — 3.19 0.91 — — 596 1.21 — the individual heat wave types differ in many characteristics including their vertical

cross sections (Figure 3)

— HWG types are the longest and show the driest conditions before heat wave onset
(Figure 4)

— the surface temperature anomalies are largest during HWG (+7.1 °C) while they are
much smaller for HWH (+3.2 °C) (Table 1)

Table 2: Same as Table 1, but for 11 ‘supertypes’ (A; C; N = N, CN, AN; NE = NE, CNE, ANE; E = E, CE, AE; SE = SE, CSE, ASE; S =S, CS, AS; SW =SW, CSW, ASW; W =W, CW,
AW; NW = NW, CNW, ANW; U). In the far right box the mean seasonal frequency (freq.), temperature anomaly (dev. TG), and daily precipitation (P) for June—September
1979-2022 are shown.

HWG HWL HWH HWO June-September . . . o _
CT | freq. Cef dev.TG P freq. Cef dev.TG P freq. Cef dev.TG P freq. Cef dev.TG P freq. dev.TG P — HWL are the driest heat wave type, with mean daily precipitation only 0.4 mm, while
6] [ [°C] [mm/d] [%] [1 [°C] [mm/d] [%] [1 [°C] [mm/d] [%] [ [°C] [mm/d] [%] [°C] [mm/d] 1 WGandHWO are the wettest (1.2-1.3 mm)

A | 1957 088 645 017 32.00 143 3.89 0.17 |46.15 207 1.82 028 2963 1.33 410 0.33 | 2230 -029 047 | — in all heat wave types there is a large increase in frequency of southern CTs
C 1087 140 7.17 5.30  8.00 1.03 6.13 212  3.85 0.50 6.92 287 370 0.48 7.08 397 | 7.70 0.03 5.49 compared to the June-September climatology but differences between heat wave
N - - - - | 400 066 6.84 014 192 031 -124 013 185 0.30 6.29 0.49 | 6.10 -1.90 2.88 types are found for other CTs (Tables 1 & 2):

NE 2.17 0.70 7.48 1.11 - — ~ ~ 1.92 062 5.22 0.95 ~ - ~ — 3.10 -0.99 2.08 * in HWG, the most frequent CT is U (undefined), corresponding to little pronounced
E 1.09 036 8.70 131  6.00 200 520 0.20 - - - - - - - - | 3.00 047 100 pressure pattern over Middle Europe, with no clear role of anticyclonic circulation
SE |14.13 353 707 055 | 6.00 150 565 0.00 | 3.85 096 542 0.81 1852|463 6.39 065  4.00 2.18 1.08 (A is less frequent compared to climatology while C more frequent)

S |13.04 272 7.07 1.76 | 20.00 417 6.28 0.19 | 1538 3.20 458 1.46 |11.11 231 7.77 0.49 | 480 235 1.72 _ o o ,
SW | 326 031 733 123 800 077 792 105 769 074 277 239 | 1667 160 6.65 175 1040 1.01 2.98 e the role of anticyclonic circulation increases for HWL, HWO and particularly HWH
W _ _ _ ~ | 200 013 803 005 962 062 385 074 370 024 437 174 |1540 -0.56 2.90 (A type occurs on nearly half of the days in HWH, compared to less than 20% in
NW | 1.09 0.09 852 023 200 016 267 066 385 0.32 440 083 | 1.85 0.15 3.35 10.61|12.20 -1.93 2.62 HWG)

U 3478 3.18 742 086 1200 110 610 052 577 053 591 195 1296 119 762 179 1090 193 240 e \warm Souther|y advection |S |mportant |n a” heat wave typesl ma|n|y HWL and

HWH; southeasterly advection mainly in HWO and HWG
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* northerly and westerly flow is reduced in all heat wave types, and except for HWL,
this concerns also easterly flow

— flow direction and warm advection is more important than vorticity for HWG, and to

some extent also for HWL

— the (expected) pattern of increased anticyclonic and decreased cyclonic flow is clearly

manifested only for HWH and to lesser degree for HWO and HWL types while it is
reversed for HWG
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	Snímek 1: Atmospheric circulation associated with 3D heat wave types in middle Europe

