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Geograflcznych Dataset: ECMWF Reanalysis v5 (ERAS) downloaded from C35 | Image Credit: ClimateReanalyzer.org, Climate Change Institute, University of Maine
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Jest praktycznie pewne, ze ekstrema ciepta (w tym fale upatow)
staty sie od lat 50. XX w. czestsze i bardziej intensywne
w wiekszosci regionow lgdowych, natomiast ekstrema chtodu
(w tym fale zimna) staty sie rzadsze | mniej dotkliwe, za te zmiane
odpowiada z wysokim poziomem  pewnosci, gtdwnie
antropogeniczna zmiana klimatu. Wystgpienie niektorych
ekstremalnych upatéw, zaobserwowanych w ostatniej dekadzie,
bez wplywu cztowieka na system klimatyczny bytoby skrajnie
nieprawdopodobne (IPCC 2021).
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(a) Decadal trends in heatwave frequency (days/decade) and
(b) heatwave cumulative intensity (°C/decade) for July-August 1979-2020.

(c) Probability density distributions of decadal trends of heatwave frequency of all land grid points for Europe (in dark red, as the region included in
the dashed box of (a, b): 35—-70°N and 10°W-50°E) and the midlatitudes (20—70°N) excluding Europe (in blue) and

(d) probability density distributions of decadal trends of heatwave cumulative intensity. The mean trend for each distribution is shown with dashed
vertical lines and provided on the top right of the panels. The continuous vertical lines correspond to O (i.e. no trend).

Rousi E. et al. (2022). Accelerated western European heatwave trends linked to more-persistent double jets over Eurasia. Nature communications, 13(1), 1-11.
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W Europie 1672 zarejestrowanych katastrof spowodowato smierc
159 438 0s6b i 476,5 mld USD szkdd gospodarczych. Chociaz powodzie
(38%) | burze (32%) byty najczestszg przyczyng odnotowanych katastrof,
to za najwiekszg liczbe zgonéw (93%) odpowiadaty ekstremalne
wartosci temperatury powietrza (ponad 148 tys. ofiar Smiertelnych
w ciggu 50 lat).

Dwie ekstremalne fale upatow z 2003 i 2010 roku spowodowaty smierc
127 946 oséb (80% wszystkich zgonodw zwigzanych 2z wysokg
temperaturg powietrza). Fala upatow w 2003 roku byta odpowiedzialna za
potowe zgondw w Europie (45%) — facznie 72210 zgondéw w 15
dotknietych nig krajach.

Zrodlo: Obserwator IMGW, 2021



Table 1 Top countries of authors with more than 100 papers dealing
with heat waves up to the date of the search

Wydziat Nauk - .
Geograflcznych Country of authors #Papers ;;]:ztlp‘;c{;es ;ﬂ;z:gﬁr?n
UAM i Geologicznych WoS
1200 USA 2081 26.0 27.4
1000-| ™ Heat waves and mortality Y Peoples Republic of China 965 12.0 12.1
England 760 9.5 6.7
2 WoS papers divided by 3000 Germany 37 02 63
2 8007 o Cimate change papers divided by 50 France 638 8.0 4.3
2 Ttaly 536 6.7 3.9
2 600 Spain 506 6.3 3.1
o Switzerland 361 4.5 1.6
€ 400 Canada 356 44 40
z India 236 2. 33
Netherlands 227 2.8 2.2
200 South Korea 206 2.6 25
1 | | I|| ill | | | | Sweden 206 2.6 1.4
0 (=T ) ;f I:') (;) I‘!- CID GI! é vl—.t!l.(ﬁ-wtllﬂlcbll‘--]wlm OO W OM~00 0 Ponugal 204 2'5 0'?
E8223333338RRRRRARRRARIRRRRRRR Belgium 176 2.2 12
Publication year Japan 168 2.1 52
Greece 163 2.0 0.7
. i . Russia 149 1.9 2.1
Fig.1 Time evolution of the overall number of heat wave pub- Poland 141 18 1.4
lications, of heat wave publications in connection with climate Austria 137 17 0.9
change, and of heat wave publications in connection with mortality, Czech Republic 130 1.6 0.7
each between 1990 and 2020. For comparison, the overall number of Denmark 119 1.5 0.9
publications (scaled down) in the field of climate change research and South Africa 119 1.5 0.6
the total number of publications covered by the WoS database (scaled Brazil 116 1.4 2.1
down, too) are included Scotland 106 1.3 1.0

Zrédto: Marx i in. 2021
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Podziat definicji fal upatow:

definicje bazujgce na progach arbitralnych, a wiec konkretnych
wartosciach temperatury powietrza;

definicje bazujgce na progach wzglednych.

Wigkszosc¢ definicji w te] grupie bazuje na Kkryterium ekstremalnego zjawiska
pogodowego zaproponowanego przez IPCC (2007): Zjawisko, ktore jest
rzadkie z punktu widzenia rozkfadu statystycznego w danym miejscu. Pojecie
rzadki’ jest zmienne, ale takie zjawisko pogodowe powinno wystepowac tak
samo rzadko lub rzad2|ej niz 10. lub 90. percentyl (czestos¢ mniejsza lub
rowna 10%) (IPCC, 2001);

definicje, w ktorych kryterium progowe przyjmuje sie na podstawie
wskaznikow biometeorologicznych.
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Fala upatow moze byé definiowana jako:

przynajmniej 3-dniowy okres z maksymalng dobowg temperaturg
powietrza >30°C;

Kilkudniowy lub kilkutygodniowy okres, w ktérym temperatura
maksymalna powietrza wynosi >30,0°C, przedzielony krotkimi okresami
chtodniejszymi;

przynajmniej 6 dni z temperaturg maksymalng >32,0°C;

przynajmniej 3-dniowy okres z temperaturg maksymalng 232,2°C (90°F);
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Fala upatow moze byé definiowana jako:

przynajmniej 6-dniowy okres z temperaturg pozorng (AT) powyzej 95
percentyla rozpoczynajgcy sie wzrostem temperatury o minimum 2°C w
stosunku do dnia poprzedniego;

Kilkudniowy okres z dobowg maksymalng temperaturg wiekszg od
Sredniej dobowe] wartosci wieloletniej tej temperatury o wiecej niz jedno
odchylenie standardowe dla danego dnia;

okres co najmniej 5 dni z Tmax>5°C wzgledem sredniej dobowej Tmax
dla wielolecia 1961-1990.
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Tmax =34°C
czas trwania zjawiska =2 dm

Stopien
Zjawiska | zagrozenia Kryteria Uwagi
1({2]3
Upal X 30°C =Tmax=34°C 1) Upat charakteryzuje si¢ przez podanie:
1 a) temperatury maksymalnej,
Tmin<18°C, b) temperatury minimalnej.
czas trwania zjawiska =2 dm 2) Obowiazuja przedzialy temperatury stosowane w prognozach
meteorologicznych.
3) Dwudniowy czas trwania zjawiska odnosi si¢ do temperatury maksymalnej.
X 30°C ETW“534DC Jezeli prognozuje sie, #ze pierwszego dnia t. maks. wystapi po poludniu,
1 a drugiego dnia przed poludniem, to sg to 2 dni i ostrzeZenie nalezy wydac.
Tmin=18°C, L. . X . i .
T ] 4) Ostrzezenie o upale powinno byé wydane w dniu poprzedzajacym jego
czas trwania zjawiska =2 dni rozpoczecie.
X 5) Po zakofczenin okresu z wyZszym stopniem zagroZenia 1 dalszym

utrzymywaniu si¢ warunkow dla stopma niZzszego, stopiefi zagroZzenia upalem
nie zostaje obnizony ze wzgledu na bodzcowosc okresu poprzedzajacego.

6) Jesli na biezacy dzien nie prognozowalismy temperatury maksymalnej =30°C, a
temperatura taka wystapila 1 jednoczesmie na mnastepny dzien lub dm
prognozowana jest temperatura =30°C, jeszcze tego samego dnia wydajemy
ostrzezenie o upalach z waZnoscia od dmia bieZzacego (stopien ostrzeZzenia
zalezny od prognozowane) temp. min.) lub aktualizujemy ostrzeZenie juz
wydane (jezeli obowiazuje, ale od nastepnego dnia).

r

ENCE IN RESEARCH



Wydziat Nauk l'b (Ta) ®
: : A\
Geograficznych R \r
UIAM i Geologicznych MOAMEDR  EPICUR .o e

Miary natezenia upatow:.
dtugotrwatosc:
dtugosc¢ najdtuzszej fali upatéw w roku,
liczba dni z temperaturg przekraczajgcg wartos¢ progowa;

intensywnosc¢
najwyzsza temperatura maksymalna,

skumulowana suma temperatury powietrza powyzej wartosci
progowej.
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FIGURE 1. Surface air temperature anomalies (in °C, with respect to the 1961 to
1990 reference period), June—August 2003. Data source: Hansen et al., 2001; NASA/GISS
(http://www.giss.nasa.gov/cgi-bin/update/gistemp/).
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Daily excess of deaths during August 2003 and minimal

and maximal daily temperatures, France
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TABLE

Excess deaths, number of maximal temperatures > 35°C, minimal temperatures > 22°C, average delta of mean temperatures
between 1-19 August for thirteen cities, France, 2003

Number of deaths - a
re
Lille 200 L] 3 0 &0
Marseille tH 25 1 14 &3
Grenoble 153 28 12 0 6.3
Rennes 156 36 ] 2 5.6
Toulousa s [ kL] 12 6 6.6
Bordeaux 314 43 12 7 f.2
Strasbourg 253 51 10 0 5.8
Nice 351 [ 53 1 18 b3
Faitiers 184 Pi] 11 1 13
Lyon 44T 80 1 9 6.8
Le Mans 204 B2 10 i Lo
Dijon 164 93 11 4 L
Pards 1854 12 9 9 6.7

Mortality in excess (%)

|-25%
0 25% - 49%
Figure C1.2. (a) The distribution of excess mortality in France from 1 to 15 August 2003, by region, = 2 st ac
compared with the previous three years (INVS, 2003); . 100% bl Rl
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TABLE 1—Excess Mortality in 13 French Cities and in Hospitals Between August 1 and August 19,
2003, Compared With the Same Period in 1999-2002 for the City Deaths and in 2002 for the In-

Hospital Deaths?® (Table view)

2003 No. of City Excess Mortality, 2003 No. of In-Hospital Excess Mortality,
0, a,

City Deaths Yo Deaths %
Bordeaux 318 43 228 53
Dijon 168 a3 117 121
Grenoble 148 28 108 24
Le Mans 204 82 171 16
Lille 200 4 103 18
Lyon 447 80 300 95
Marseille 571 25 163 23
Mice KLY 53 193 65
Paris 1854 142 1665 138
Poitiers 184 79 151 72
Rennes 156 36 a5 38
Strasbourg 253 51 157 33
Toulouse 35 36 140 49

aCity deaths do not include all the in-hospital deaths. Only patients who died in the university hospitals located
in the city (not in the suburbs) were included in the 2 sources
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5 Total daily mortality aind maximus apparent temperature, Maly, 1 June-31 August 2003
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Maximum apparent temperature and percentage of variation in mortality for Rome, Milan, Turin, and Bologna during summer 2003
(June-August), Italy
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Figure 1. (top) Daily Moscow temperature record from
November 1 2009 to October 31 2010, with daily departures
computed with respect to the climatological seasonal cycle.
Data are from the Global Summary of the Day produced by
National Climatic Data Center. (middle) Observed time series
of western Russia July temperature anomalies for the period
1880 to 2010 indicated as positive (red) and negative (blue)
temperature anomalies relative to the base period from
1880 to 2009. Numbers indicate the years of the ten most
extreme positive anomalies. The red asterisk indicates year
2010. The light and dark shaded areas represents the envel-
opes of positive and negative monthly mean temperature
extremes based on 22 CMIP3 model simulations for nor-
malized and non-normalized anomaly time series respec-
tively. (bottom) Map of observed July temperature trend
['C/130yrs] for July 1880-2009. Box shows the arca used
to define “western Russia” surface temperatures.
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Figure 2. Observed climate conditions for July 2010 and
for the 10 warmest western Russia July temperatures since
1880. (top) NCEP/NCAR Reanalysis 500 hPa height (con-
tour, contour interval: 100 m), anomalies (shading), and wind
vector anomalies (arrows, m s ') for July 2010. Anomalies
are relative to the 1948-2009 climatology. (middle top) Surface Temp
Observed surface air temperature anomalics for July 2010 Composite
(base period 1s 1880-2009) from the NOAA merged land
air and sea surface temperature data set. (middle bottom and
bottom) As in Figures 2 (top) and 2 (middle top) but for com-
posite of the ten warmest July monthly means over westermn
Russia during the period 1880-2009. The Twenticth Century
Reanalysis are the data source of 500 hPa heights [Compo
et al., 2011]. 30°F 60°F
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Fig. 10 — The Tmax (°C) in 2010 (black line) and Tmax anomalies (°C) from the mean Tmax in 1973-2010
period (grey columns) in Moscow

Fig. 11 - Mean SLP (hP3; solid lines) and Z500 hPa (gpm; dashed lines; a), SLP (hPa; solid
lines) and Z500 hPa anomalies (m; dashed lines; b), and the T850 anomalies (°C; c) for
the heat waves of 2010
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Temperatures in Europe from 17 to 23 July 2022

Type
Areas

Start date
End date

Peak temp.

Deaths

Heatwave

Andorra - Croatia - France -
Germany - Greece - Hungary -
Ireland - Italy - Lithuania - Bosnia
and Herzegovina - Montenegro -
Netherlands - Norway - Poland -
Portugal - Romania - Slovakia -
Slovenia - Spain - Switzerland -
United Kingdom

12 June 2022

12 September 2022

47.0 °C (116.6 °F), recorded at
Pinh&o, Portugal on 14 July 2022
Losses

26,3040Wen7]

® France: g, 11 ,000[1]

® Germany: 8,138

& United Kingdom: 3,200

® Spain: 2,894

= Portugal: 1,063

® |reland: 6

& Poland: 3

EUROPE
Extreme Maximum Temperature (C)
July 17 - 23, 2022

ATLANTIC
OCEAN

Mediterranean Sea

CLIMATE PREDICTION CENTER, NOAA
Computer generated contours
Based on preliminary data
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Fig. 2| Weekly temperature and heat-related mortality numbers in Europe mortality (weekly deaths) aggregated over Europe for the overall population

during the summer 0f2022. a, Weekly baseline (gray line) and observed (black (black), women (red) and men (blue) (b) and people aged 0-64 (blue), 65-79
line) temperature (°C) averaged over Europe. Temperature anomalies are defined  (red)and 80+ (black) years (c), together with their 95% Cls (shadings). The

as the difference between observed and baseline temperatures (gray shading). numbers for women and men in b do not include the United Kingdom:; values for
Baseline temperatures were computed as the mean annual cycle of observed the age groups in cdo notinclude Germany, Ireland and the United Kingdom.
temperatures in the reference period 1991-2020. b,¢, Weekly heat-related
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Srednia roczna liczba dni upalnych (Tmax od 30,1°C)

Wydziat Nauk
Geograficznych
i Geologicznych

Maksymalna temperatura powietrza latem (Tmax 95 percentyl)

ér. 7 dni




(a) 80+ = 300
Wydziat Nauk e A ! i R
Geograficznych g % = B . ool [®§
t Beoloni h w0l | . . 2 ! 1y T 1 B
1 GeologicznyC E 5| "a " l_. s " g
320.: L a
NRIIRARITITHRIRTIRE
oﬁ H m ] ﬂ [ 8 . 0
gy\ FSEEEFELESE PO RL LRSS LR S
‘{({9 f s {f’\o&;v“ FEFS I IS q&qﬁ{:aws;@ﬁ {?\{"‘ <& 5 @4{?"
<,°(" #3 %4 5«6 w7 m7+ eDuation
(b) 80 -
70 +
80
£ 9
= I|| 18]
I I |
10 + [ |
o.-Al_iv!i-'l! PR il ii.lll I.'.' i!i i!i
PO £8P e‘@y@; i, o:-s’,gf’ e‘cw

o
d‘" % 1966-1975 =1976-1985 - 1986-1995 =1906-2005 20062015 ®2016-2021
(c) 1511
26-09 o~
. L] °
L . o000, L ] ® 9 0 LN L Y e 4 00 L ]
07-08 . ® L ° R
% .
1806 -, . . P s *—¢ T
. o e e o LS . * . @ o o o ¢ PO *
29-04 -
1008 Lo —o— 04—+ -y + 7 S VU S VT W i S iy Sy Sy Vo m—-
F PP E ¢ 30 R 5F 5t O & P S S PP B S P
PP ) FHRLFSE 5 ; & S ol
A A LA SRR L A S GRS
K 358’ + & 1},\
s
cf’ +Beginning ®End

Fig. 2. Number of HWs by di and their total d

HWs in Poland (c).

(in days) in the years 1966-2021 (a), number of HWs in decades (b) and potential period of occurrence of




UM

Wydziat Nauk
Geograficznych
i Geologicznych

TABLE 2

Station
Bialystok
Chojnice
Elblag

Gorzéw Wilkp.

Jelenia Gora
Kalisz
Kielce
Klodzko
Koszalin

Krakow

Lesko
Lublin
Leba
bLodz

Milawa

Longest heat wave

Number
of days

9
10
8
11
9
11
11
9
5
12

11

15

10

Date

July 25, 1994 to August 2, 1994
July 24, 1994 to August 2, 1994
July 26, 1994 to August 2, 1994
July 23, 1994 to July 18-28, 2006
July 24, 1994 to August 1, 1994
July 23, 1994 to August 2, 1994
August 3-13, 1994

July 25, 1994 to August 2, 1994
July 9-13, 2010

August 4-15, 2015

July 26, 1994 to August 2, 1994
August 3-13, 2015

July 10-13, 2010

July 23, 1994 to August 6, 1994

July 24, 1994 to August 2, 1994

Duration and date of occurrence of the longest HWs in the years 1966-2018

Station
Olsztyn
Ptock
Poznan
Raciborz
Rzeszow
Shubice
Suwalki
Szczecin
Swinoujscie
Terespol
Torun
Warszawa

Wroclaw

Zakopane

Zielona Gora

Longest heat wave

Number
of days

8
10
11
12
16
12
7
13
5
9

12

Date

July 26, 1994 to August 2, 1994
July 24, 1994 to August 2, 1994
July 18-28, 2006

July 22, 1994 to August 2, 1994
July 24, 1994 to August 8, 1994
July 22, 1994 to August 2, 1994
July 22, 1994 to August 2, 1994
July 21, 1994 to August 2, 1994
July 9-13, 2010

July 25, 1994 to August 2, 1994/
August 4-12, 2015

July 24, 1994 to August 3, 1994
August 3-13, 2015
July 22, 1994 to August 6, 1994

August 19-21, 2000
August 6-8, 2013

July 22, 1994 to August 2, 1994
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Ryc. 83. Ryzyko wzgledne zgonu (RR) ogotem w calej populacji oraz wsréd osob
powyzej 65 r.z. (65+) a maksymalna temperatura powietrza (t__ )

Fig. 83. Relative risk of death (RR) due to all caueses in the whole population and among
people over 65 years of age (65+) and maximum air temperature (t__)
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Ryc. 84. Ryzyko wzgledne zgonu (RR) ogolem kobiet i mezczyzn a maksymalna
temperatura powietrza (t__)

Fig. 84. Relative risk of death (RR) due to all causes among women and men and maximum

air temperature (t__)
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Ryc. 85. Ryzyko wzgledne zgonu (RR) z powodu chordb ukladu krazenia w calej
populacji oraz wérod osob powyzej 65 r.z. (65+) a maksymalna temperatura powietrza 5
(t,.) © 20 40 o6 1 2 30 -c
Fig. 85. Relative risk of death (RR) due to circulatory system diseases in the whole population t .

and among people over 65 years of age (65+) and maximum air temperature (t__ )

Ryc. 87. Ryzyko wzgledne zgonu (RR) z powodu choréb uktadu oddechowego w calej
populacji a maksymalna temperatura powietrza (t__)

Fig. 87. Relative risk of death (RR) due to respiratory system diseases in the whole population
and maximum air temperature (t_ )
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Fig. 9 The course of temperature,
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Fig. 3. Daily maximum and minimum temperatures, together with daily mortality ,
rates for Berlin during 1994 [Data: German Meteorological Service, Statistical Services
of Berlin and Brandenburg].

Fig. 4. Spatial distribution for the deviation [%] of recorded mortality rates from the expected values in Germany's Federal States of Berlin and during the i
3-week periods of (a) 1994, (b) 2006, and (c) 1993 [Data: Statistical Services of Berlin and Brandenburg].
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Klimat miasta — klimat lokalny obszaru zurbanizowanego powstajgcy
wskutek oddziatywania m.in. zabudowy miejskiej. Klimat miasta w
porownaniu z terenem poza miejskim rozni sie m.in. zanieczyszczeniem

powietrza, temperaturg powietrza, sumg opadéw atmosferycznych,
zachmurzeniem itp.
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Legend

+ Airport Poznan - tawica measurement point
® measurement points

i__border of Poznan

CLC 2012 type [7268]

Il Continuous Urban Fabric (S.L. > 80%)
[l Discontinuous Dense Urban Fabric (S.L. : 50% - 80%)
Il Discontinuous Medium Density Urban Fabric (S.L. : 30% - 50%)
77 Discontinuous Low Density Urban Fabric (S.L. : 10% - 30%)
Discontinuous Very Low Density Urban Fabric (S.L. < 10%)
[ Isolated Structures
I Industrial, commercial, public, military and private units
I Fast transit roads and associated land
Other roads and associated land
I Railways and associated land
Airports
I Mineral extraction and dump sites
Construction sites
Il Land without current use
[ Green urban areas
Sports and leisure facilities
Agricultural + Semi-natural areas + Wetlands
Pastures
I Forests
"% Herbaceous vegetation associations (natural grassland, moors...)
[ Water bodies

Figure 1. Location of measuring points against the type of land use (Urban Atlas 2012).
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Table 2. Characteristics of thermal conditions in Poznar in the period 2008-2022.

Air Temperature

Tmax Lowest Average Highest Average
Tmax Tmax
Locati
ocation Average Changes Value Year Value Year
°C) [°C/Decade] [°Cl [°C) ‘
Piekary 252 1.0 24.0 2012 27.0 2019
Collegium Minus 254 17* 241 2009 274 2019
Stoneczna 239 12* 226 2017 259 2019
Rusa 249 15* 235 2012 269 2019 Hot days
Debina 45 13+ 278 2012 26.5 2019 Number of hot days Lowestnumber of ~ Highest number of
hot days hot days
Lawica 243 l6* 229 2012 26.6 2019 Location
Collegium Average Changes Value Year Value Year
gt 245 1.6* 231 2012 266 2019 [days/decade]
Geographicum -
Piekary 13 3.8 4 2017 22 2015
Strzeszyn 246 0.9 231 2017 265 2019
Collegium Minus 15 6.7 4 2017 24 2019
Swierczewo 252 1.6% 237 2009 27.2 2019
Stoneczna 8 5.6 1 2011 19 2022
2015, 2018,
Rusa 12 3.6 4 2017 20 2022
Debina 12 3.3 2 2017 21 2015
Lawica 9 58 1 2011 19 2022
Collegium 1 5.6 2 2017 20 20152022
Geographicum
Strzeszyn 11 27 3 2017 22 2015
Swierczewo 14 6.0 4 2017 24 2015

* statistical significance (0.05).
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Figure 2. Course of average Tmax (and trend line) and number of hot days in the summer in Poznan
in the years 2008-2022.
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Table 3. Characteristics of the occurrence of heat waves in Poznari in the years 2008-2022. g 15 1 60 ®
T 3
e a
Heat Waves Longest Heat Wave é 10 T 40
Location - N 5 5+ 120
Number Total Duration [Days]  Duration Date =z
Piekary 25 98 9 9-17.07.2010
Collegium Minus 26 115 9 9-17.07.2010 whimberofhesbwaves @ uration
Stoneczna 14 55 8 10-17.07.2010 @ 30 —
Rusa 23 91 9 9-17.07.2010 §25 T R = ==
Debina 23 90 9 9-17.07.2010 597 —_— =
< 15 4
Lawica 15 61 9 9-17.07.2010 5 | ||
o 10 +
Collegium Geographicum 19 78 8 10-17.07.2010 é
5 1
Strzeszyn 20 83 9 9-17.07.2010 Z
. 0 t t t t ; t t t
Swierczewo 27 108 9 9-17.07.2010 o > > 2> . o o
. \t—"d & & q-\"e oF .:\‘db -\0)& Eo) &
€ & CAREER A e A
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Figure 3. Number and duration of heat waves (top diagram), and number of heat waves by duration
(bottom diagram) in Poznan in the years 2008-2022.
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Table 4. Characteristics of biometeorological conditions in the summer in Poznan in the years

2008-2022.
HD Lowest Average HD  Highest Average HD

Location Average HChanges Velue Year Value Year

[°C] [FC/Decade] [°C] [°C]

Piekary 28.0 19+ 254 2008 30.6 2019
Cﬁfﬁ;‘;" 279 2.2% 253 2008 313 2019
Stoneczna 27.0 2.1* 248 2008 298 2019

Rusa 27.6 3.0 24.9 2008 30.5 2019
Debina 27.6 24* 253 2008 304 2019
Fawica 253 1.5*% 241 2008 27.5 2019

Gi‘;lrl:'g;";“m 268 18+ 25.1 2008 28.9 2019
Strzeszyn 27.9 25% 25.2 2008 30.6 2019
Swierczewo 277 21" 25.3 2008 30.2 2019

* statistical significance (0.05).
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Figure 4. Course of average HD (and trend line) and number of days in particular intervals of the
HD (a—20.0-29.9 °C; b—30.0-39.9 °C; c—40.0-45.9 °C, d—46.0-54.0 °C) in the summer in Poznan in
the years 2008-2022.
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Table 5. Characteristics of biometeorological conditions during heat waves in Poznan in the years
2008-2022.
Location Average HD Lowest Average HD Highest Average HD Highest HD
[°C] Value [°C] Date Value [°C] Date Value [°C] Date
Piekary 382 33.3 25-30.07.2008 4.7 6-8.08.2015 447 25.06.2016
Collegium 38.0 325 25.07-1.08.2008 419 10-12.06.2019 46.0 26.06.2019
Minus
Stoneczna 38.0 325 25-28.07.2008 39.9 6-8.08.2015 122 21.07.2022 100% — mE T B B
Rusa 33 35 2528,07.2008 412 6-8.08.2015 as 8.08.2015 gg;’:
Debina 38.8 33.8 25-29,07.2008 128 6-8.08.2015 452 25.06.2016 = 70%
Lawica 348 318 25-28.07.2008 367 6-8.08.2015 387 8.08.2015 = 60%
£ 50%
Collegium _ [ fo
Geographicum 37.1 32,5 25-28.07.2008 39.8 6-8.08.2015 416 9,08.2018 & a0%
Strzeszyn 38.7 33.2 25-29,07.2008 416 6-12.08.2015 453 12.08.2015 = 233"
- %
Swierczewo 37.7 335 25-28.07.2008 107 6-12.08.2015 139 25.06.2016 posig
0% t - - } ! }
& & ® & 2 s & & ©
Q\@'\* & & L Qz‘f-‘\ & o« & 6?’0
& & o & Y &
) =) S ° r:,*‘\
o® o
%) &
S
0{}\2.
a brcud

Figure 5. Frequency of occurrence of days in particular intervals of the HD (a—20.0-29.9 °C;
b—30.0-39.9 °C; ¢—40.0-45.9 °C, d—46.0-54.0 °C) during heat waves in Poznar in the years
2008-2022.
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Figure 6. Course of HD (a—20.0-29.9 °C; b—30.0-39.9 °C; c—40.0-45.9 °C) during the heat wave in
2010 (the longest heat wave) and 2015 (the heat wave with the highest average the HD).



ENCE IN RESEARCH

| - 96522 K
.\ 02617 1ze8) =
erElT 88141 -
A— w 51202 6vZLL =
a /8002 0 0L291 2
i 09Y61 LZLgl g
& Zea8l Ze951 =
¥0Z81 £60G) S
e o Shéo! g 2
N=P T 1z€al alvel =
.Dnmm £69G1 1C621 —
e 99081 8652 g
oigel gt} g
. 0zZsHh 2
T calel os0b .
) = EECA izol & &,
~ £Z6LL g 20.6 ©
F Sai 66ZLL 2 g 9
-1 zeooL 8 e 8z
) vo0l A vees g2 o
oLb8 5808 2
8848 65, o
1002 =
%MW 8979 I
6265 W
WWMW 06€5 -
0595 LS8¥ R=]
2208 cier =
r6Er €LLe 2
194€ reCe g
BELE 5692 3
115z 9612 £
2 £88l 119t 3
z 95z =z 8.0} =
929 8ES <
0 0 .
= o) o (=) » [e=] = M - o @ a2
o« o) m o o0 o™ o o L3t B ] oM m oo™ m
=
[0s] ®inesadwis) [0:] @injeladws] rmo
12]
v
&
L
T
o
kel
ey
U
oY
S
k=
5
n
Y ey |
. € - € &
i - & s s
m £ coccoso & § 9999993 3
> £ 2SHABI8 2 2a lmm&n%%m & Wn
- 0Zm . . - 02 ' . z
Ll
3 i r g — —
e T
a i [+
W - (\m,\
(=)
3 L
g o
i o
R >
K\ )
=
SE g
= c C g
O N N )
N (8} .m = ~
558 2
N D0 2
T o o <
> T .
2 @ g o
G o — m m
25
Y &
< g
51
mo g
G




Wydziat Nauk
Geograficznych
i Geologicznych

Figure 7. Air temperature in Poznan on 12 July 2010 (a) and 11 August 2015 (b) at 9:34. Profile lines

(a) used in Figure 9.
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Figure 8. Statistic of air temperature in Poznan ((a)}—12 July 2010, (b}—11 August 2015) on the basis
of Landsat images according to Urban Atlas 2012 types (colours and order of types according to
legend in Figure 1). In the boxplot, the middle values denote medians; the box extends to the Q1
(first quartile) and Q3 (third quartile), while the whiskers show the range (99.3%). The upper whisker
shows Q3 + 1.5 x IQR (the interquartile range) and the lower shows Q1 — 1.5 x IQR. The notches
extend to +/—1.58 IQR/sqrt(n) and the dots represent outliers.
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Figure 11. Weather situation on 12 July 2010 (a) and 11 August 2015 (b). Source: Meteorology and

Water Management-National Research Institute.
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Scenariusze S5P (Wspdlnych Sciezek Spoteczno-Ekonomicznych)

Wde| at Nauk Wymuszanie RCP s5P1 s5P2 s5P3 sspa 555
H radiacyjne || Dotychczasowe || Zréwnowaiony Posredni Rywalizacja Nierdwnosci Swiat

GeograflcznyCh [W,"ml] scenariusze rozwoj regionalna paliw kopalnych

i Geologicznych [ ss[TRepss [  x X X X
7.0 X 55P3-7.0 X
6.0 RCP 6.0
4.5 RCP 4.5 55P2-4.5

Tabela SPM.1: Zmiany globalne) temperatury powierzchni, oszacowane na podstawie wiclu lini dowodow, dla i': TORG e n
wybranych 20-letnich okresow 1 pigeiu rozwazanych preykladowych scenanuszy emisji. Roinice 19 SSPL19 X X X

temperatur wzglgdem srednie) temperatury powierzchm Ziemi w okresie 18501900 podano w “C.
Uwzgledniono wynoszaca +0,08 [-0,01 do +0,12]°C poprawke oszacowania zaobserwowanego
przeszlego ocicplenia dla lat 19862005, czyh okresu referencyjnego wykorzystywanego w ARS Tabela 1. Mapowanie nowych scenariuszy (SSP) na stare (RCP) oraz wymuszanie
{zob. przypis 10). Zmiany wzgledem najnowszego okresu referencyjnego, czyh 1995-2014, moZna
obliczy¢ w przyblizeniu, odeymujac od liczb podanych w tabeli 0,85°C, czyli wartosc bedaca
najlepszym oszacowaniem ocieplenia zaobserwowanego pomigdzy okresamu 185019001 1995-2014. przyklad dla scenariuszy ,zréwnowazonego rozwoju
{ Ramka migdzyrozdzialowa 2.3, 4.3, 4.4, Ramka migdzysekcyna TS.1} . . ) .. 3 . .
wysokich emisji, a dla scenariuszy ,$wiata paliw kopalnych” SSP53 nie ma

Bliska przysziosé, Srednioterminowa przyszlosé, Daleka przyszlosé, scenariusza o najnizszych emisjach.

2021-2040 2041-2060 2081-2100

Scenariusz Najlepsze | Zakres bardzo| Najlepsze | Zakres bardzo | Najleps Zakres bard
OsZacowanie prawdo- prawdo- [
(°C) podabiy (°C) (°C) podobmy (°C) ) = ot dﬁ(“C)

radiacyjne w 2100 r. Szare komorki i znaczki ‘X’ oznaczaja ,nie wystepuje” (na

5

SSP1 nie ma scenariuszy

SSP1-1.9 1.5 1,2do 1.7 1.6 1.2 do 2.0 1.4 10do 1.8 b) Zmiany Sredniej rocznej temperatury (°C)  Dlawszystkich poziomdw ocieplenia lady ocieplaja sig szybriej niz oceany, a Arktyka
w stasunku do okresu 1850- 1900 i Antarktyda ocieplajg sie szybciej niz tropiki.

SSP1-2.6 1.5 1,2do 1.8 1.7 13do22 1.8 1Lido24

SSP2-4.5 1.5 1,2do 1.8 20 1.6 do 2.5 2.7 21do35

SSP3-7.0 1.5 1.2do 1.8 2.1 1.7do 2.6 16 28dod6

SSP5-8.5 1.6 1.3do 1.9 24 1.9do 3.0 44 33do 57

005 115 2 25 3 35 4 45 5 55 & &5 7
Zmiana [*C) g
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Zmiana w liczbie [T T [ I #7 |stotna zmiana
fal upatow A ) 3 &5 T8 Y wa. Pewna zmiana

Rysunek 8: Przewidywana zmiana liczby fal upalow w miesigcach maj — wrzesien w
latach 2071-2100 w poréwnaniu do okresu 1971-2000, zaleznie od scenariusza
emisji, jakim podazy ludzkos¢. Z lewej strony scenariusz RCP 4.5, z prawej RCP 8.5

czyli ,biznes jak zwykle” (ciggly wzrost emisji). [lustracja pochodzi z raportu IPCC.
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Fale upalow w miescie
na przykiadzie Poznania

Arkadiusz M. Tomczyk, Ewa Bednorz, Marek Pétrolniczak

Zaktad Meteorologii i Klimatologii
Wydziat Nauk Geograficznych i Geologicznych
Uniwersytet im. Adama Mickiewicza w Poznaniu



Wydziat Nauk & EI.? I (J
1[4

Geografi q
Geograficznych e OR
UAM 1 GeOIoglcznyCh BADRWCZA EPACUR HR EXCELLENCE IN RESEARCH

NCETYWA DOSKONALO T EUROREAN UNIVERSITY.

Materialy

Dole i in., 2011 — Was there a basis for anticipating the 2010 Russian heat wave. Geophysical Research
Letters 38.

Gabriel i Endlicher, 2011 — Urban and rural mortality rates during heat waves in Berlin and Brandenburg,
Germany. Environmental Pollution 159, 2044-2050.

Garcia-Herrera i in., 2010 — A review of the European summer heat wave of 2003. Crit. Rev. Environ. Sci.
Technol. 40, 267- 306.

Graczyk i in., 2019 — Heat-related mortality during hot summers in Polish cities. Theoretical and Applied
Climatology 136, 1259-1273

Kuchcik M., 2017 — Warunki termiczne w Polsce na przetomie XX i XXI wieku i ich wptyw na umieralnos$¢.
Prace Geograficzne 263, IGIPZ PAN Warszawa

Marx W. i in., 2021 — Heat waves: a hot topic in climate change research. Theoretical and Applied
Climatology 146, 781-800.

Matzarakis i in., 2020 — The heat health warning system in Germany—application and warnings for 2005 to
2019. Atmosphere 11, 1-13.

Michelozzi i in., 2004 — Impact of heat waves on mortality — Rome, Italy June-August 2003. Morbidity and
Mortality Weekly Report 53 (17), 369,371.

Pirarda i in., 2005 — Summary of the mortality impact assessment of the 2003 heat wave in France. Euro
Surveill 10 (7), 153-156.

Pétrolniczak M. i in., 2018 — Thermal Conditions in the City of Poznan (Poland) during Selected Heat
Waves. Atmosphere 9, 11.

Pétrolniczak M., Tomczyk A.M., Bednorz E., 2024 — Biometeorological Conditions in Poznan, Poland:
Insights from In Situ Summer Data. Atmosphere 15 (4), 448.

Tamulewicz J., 1997 — Pogoda i klimat Ziemi. Wydawnictwo Kurpisz.

Tomczyk A.M., 2017 — Atmospheric circulation during heat waves in Eastern Europe. Geografie 122 (2),
121-146.

Tomczyk A.M., 2022 — Temperatura powietrza. Atlas klimatu Polski.

Tomczyk A.M., Bednorz E., 2023 — Thermal stress during heat waves and cold spells in Poland. Weather
and Climate Extremes 42, 100612.

Tomczyk A.M. iin., 2020 — Human-biometeorological conditions during heat waves in Poland. International
Journal of Climatology 40 (12), 5043-5055.

Tomczyk A.M. i in., 2022 — Projections of changes in maximum air temperature and hot days in Poland.
International Journal of Climatology, 42 (10), 5242-5254.

Vandentorren i in., 2004 — Mortality in 13 French Cities During the August 2003 Heat Wave. American
Journal of Public Health 94 (9), 1518-1520.

Wibig, 2021 — Hot days and heat waves in Poland in the period 1951-2019 and the circulation factors
favoring the most extreme of them. Atmosphere 12(3), 340.

Gazeta Obserwator IMGW, 2021 (https://www.imgw.pl/sites/default/files/2023-03/imgw-obserwator-
2_2021-numer-specjalny-druk-pojedyncze.pdf).



