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Moscow’s 2010 heat wave

Tmax=38,1 C

Moscow Daily Aver®se
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The exceptional heat over such a long duration, combined with poor air qualit
from wildfires increased deaths by at least 11,000 in Moscow (NOAA,2010)



European Heat Wave

Nombre de jours avec température maximale >=35°C Nombre de jours avec température maximale >=40°C
Période du 01/08/2003 au 18/08/2003 Période du 01/08/2003 au 18/08/2003

Stations d'altitude < 500 m

During August, 2003 much of Europe experienced unusually high temperatures. The
extent of the extremes and their effect was greatest in France. The maps below show the
number of days where air temperature exceeded 35C and 40C, respectively. The impact
was greatest in cities where the temperature was raised and the population was

vulnerable. :
By G.Mills, 2010 WMO, Pune
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143 deaths due to severe cold wave in Uttar
Pradesh
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A six-year-old boy Satyam, who had gone to school in Barabanki, started shivering and

died, due to cold, said sources.



MepcoHanbHbIU KOMPOPT

One person’s experience of an urban concentration field
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The urban effect modifies the environment to which humans are exposed,
often worsening natural stresses by reducing wind-speed, raising
temperature and diminishing air quality.

By G.Mills, 2010 WMO, Pune



Air quality

Air quality is a very large .
ota

subject about which thereisa Upper

airways

substantial literature. Here we
will just identify issues that
are related to the nature of
the urban surface, rather than
chemistry of the atmosphere. , 01 1

Particle diameter

The dispersion of pollutants

depends upon One of the The impact of pollutants depends very
features of the urban surface much on their composition and their

. . size.
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Emissions

Emissions have distinct patterns in
space and time. Urban areas are
characterised by the density of
pollutant sources. For many places, air
quality is closely tied to vehicle
emissions that have diurnal patterns.
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These emissions occur within city
streets that inhibit air motion and may
generate re-circulating flows, thus
trapping vehicular emissions and
limiting their dispersion.

12. September 13. September
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Dispersion

Advective Flux Diffusive Flux

1

P

Ambient Airflow

Recirculated
Fraction

DePaul, FT., Sheih, C.M., 1986.
Measurements of wind velocities

in a street canyon. Atmospheric
Environment 20, 45-459
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HemHoro onpeaeneHunu

Humans are homeotherms with a deep body temperature
(Tg) of 37°C. This temperature must be maintained at a near
constant value to maintain health. This is accomplished by
regulating exchanges at the outer envelope of the body (the
skin and/or clothing surface) to achieve a net energy
exchange of zero.

TERMS

Comfort refers to conditions where this balance can be
achieved with the least effort.

Discomfort is a measure of the degree of departure from
comfort.

By G.Mills, 2010 WMO, Pune



YpaBHeHMe 3HepreTnyeckoro 6asnaHca yenoBeKa

Q*‘l‘QM _(QH +QE +QG) :AQS

Q* Net radiation. Intercepted and reflected short-wave and absorbed
and emitted long-wave radiation.

Qy Metabolic heat generated internally by the body

Q, Turbulent sensible heat exchange at the outer surface
Q; QE is turbulent latent heat exchange at the outer surface
Qg QG is sensible heat transfer by conduction

AQ;  Heat stored in the body volume.

As homeotherms (warm-blooded creatures), with a near-constant deep body
temperature of 37°C, AQg should be close to zero. All of actions (whether conscious or
unconscious) of the body attempts to minimise AQq

By G.Mills, 2010 WMO, Pune



By G.Mills, 2010 WMO, Pune

Metabolic Heat Rate (Q,,)

Activity Wm-2
Resting
Sleeping 40
Seated, quiet 60
Standing relaxed 70
The energy generated by the body SHEE TEeE
. . . . Walking on a level surface
is a function of the levels of activity. 0.9ms. 115
This level is comprised of a basal 1.8ms™ 220
rate (70Wm<2) and a work rate. uiitee »
Writing 60
Walking about 100
The amount of energy the body Lifting/packing 190

needs to dispose of depends upon e

the internal heat generated, which Cooking  95t0 115
Housecleaning 115 to 200
can be regUIated- Handling 50kg bags 235

Pick and shovel work 235 to 280

Leisure
Dancing 140 to 255
Tennis 210 to 270
Basketball 290 to 440



BO3MOSKHO JIA C
TOYKH 3peHUSA
3aK0HAa
COXpPaHeHUSA
IHEPIrUuu
CyllleCTBOBAHHUE
MaJjpbuuka-c-
naJjb4uuKa?



Perynauna komooprta ?

Energy exchanges with the
atmosphere occurs primarily at
the skin surface. Heat transfer
from the transfer within the
body occurs from the centre to
the skin surface. The exchange is
regulated the intervening
resistance provided by the
tissues close to the skin.

By G.Mills, 2010 WMO, Pune

\ 36°C

b

Mount L.E. (1979) Adaptation to thermal
environment : man and his productive
animals. London : Edward Arnold,



MoaeaupoBaHue TEPMHYECCKOr0 KJINMATA

The energy budget of a human must account for all the exchanges at the

exposed surface. This includes direct solar radiation (1), diffuse short- and
long-wave radiation from the sky and ground (2 & 3), reflected short-wave
radiation (4) and emitted long-wave (5) radiation, convective sensible and

latent heat exchanges that result from surface-air exchanges (6) and the
conduction of heat into the substrate (7).

By G.Mills, 2010 WMO, Pune



«OroHb, mepuaroLLmm B cocyae» ?

The surface area of an upright average man is 1.8m? enclosing
a mass of 70kg. However the effective area at which
exchanges occur can be altered by a change in posture and
clothing. A cylinder with a height of 1.65m and a radius of
0.12m may be used to crudely represent this human form.

This simplification can be used effectively to
examine radiation and surface-air exchanges.
For example, the direct radiation (S) can be
determined from that received on a
horizontal surface multiplied by the shadow
area generated by the beam,

2rh cot(p) + 1rr?

 ——
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PagunaumoHHbi o6meH

Net radiation consists of both short- (K) and longwave (L)
radiation incident on the surface and reflected and emitted
from the surface.

Q*=Kl—-KT+Ll—-L1

Shortwave radiation receipt (K{ ) consists of both direct and diffuse
components. Seeking shadow removes the direct component. Reflected
radiation (K*) depends on the albedo of the body, which can be regulated
through clothing selection.

Longwave radiation receipt (L{ ) depends on the temperatures of the
surrounding surfaces and their emissivity. The outgoing longwave radiation
consists of a small proportion of reflected L, and primarily emitted
radiation, which is a function of surface temperature.

By G.Mills, 2010 WMO, Pune



Mean Radiant Temperature

One of the most useful concepts in biometeorology is that of a
uniform surface temperature surrounding the body that generates
the same radiative load as that experienced in reality — this is the
Mean Raditiave Temperature (Ty;rr)

This value is employed in indoor circumstances where surface
temperatures may be regulated. Applying it in outdoor
circumstances is more difficult and requires that the contributions
of all the surfaces ‘seen’ by the body are accounted for and weighed

proportionately. Its advantage is that it aggregates the radiation
contributions.



Non-radiative exchanges (1)

The conductive heat flux (Qg) can usually be ignored for humans. The

remaining terms are the convective sensible (Q,,) and latent (Q;)
fluxes.

The sensible heat exchange results from the temperature difference
between the outer surface (T,,) and adjacent air temperature (T,) . Its
magnitude is related to the size of the difference and the intervening

wind speed through a heat transfer coefficient (h_in Wm= K1). The
inverse of h_is insulation.

Skin temperature can be regulated by the body through vasodilation and
vasoconstriction. The effect of clothing is to insulate the skin by providing a
layer of static air adjacent to the body surface



TennocbeperatoLime CBOUCTBA oaeKAbl

Garment Insulation Clothing Ensembles Insulation
m?K W-1 m?K w1
Underpants 0.006 (0.2) Walking shorts, short-sleeved 0.056 (2.2)
T-Shirt 0.012 (0.5) shirt
Long-sleeved shirt 0.045 (1.8) Sweat pants, sweat shirt 0.115 (4.5)

Sweat shirt 0.053 (2.1)

Trousers 0.031 (1.2) Knee-length skirt, short-sleeved 0.084 (3.3)
Overalls 0.048 (1.9) shirt, panty hose, sandals
Single-breasted jacket 0.063 (2.4) Ankle-length skirt, long-sleeved 0.172 (6.7)
Long-sleeved sweater 0.048 (1.9) shirt, suit jacket and panty hose
Skirt 0.029 (1.1) Insulated coveralls, thermal 0.213 (8.3)
Dress 0.059 (2.3) underwear

Information extracted from ASHRAE (2009). Values in parentheses are percentages and
represent a comparison between the insulation of the garment with that of still air,
which has a value of approximately 3.85x10> m2 KW-1.



Non-radiative exchanges (2)

Latent heat exchange (Q;)between the body and the environment
occurs through three mechanisms:

1. Breathing — exhaled air is more humid than that inhaled.
2. Diffusion of water through the skin surface
3. Regulatory sweating.

The latter is most important from the viewpoint of thermoregulation
as it can be managed by the body itself. When sensible heat exchange
cannot dispose of sufficient heat, the body will sweat as a response.
The body will not sweat otherwise.



Non-radiative exchanges (2)

Latent heat exchange is governed by the difference in vapour pressure
between the skin and the adjacent air modulated by a transfer
coefficient, which depends on airflow

In practice this term is difficult to assess because the body can
regulate vapour pressure at the skin surface.

A common practice is to establish the maximum flux based on the
assumption that the skin surface is saturated at T, and determine
what proportion of the body’s surface needs to be ‘wet’ to achieve

thermal equilibrium.



Thermal Equilibrium

Zone of hypothermia Zone of comfort Zone of hyperthermia

Basal Temperature
4
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i ‘
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Comfort is a relatively narrow Environmental Temperature
zone where the body has to do

least work to maintain
equilibrium Buildings are designed to achieve
comfort.

The body can manage
equilibrium (AQs=0) exchanges
over a range of environmental
temperatures through modifying
the magnitudes and nature of
heat loss and generation. At the
limits the body cannot dispose of
sufficient heat (hyperthermia) or
generate sufficient heat
(hypothermia).

Body Temperature
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Tepmuueckoe Bo3aencTeBme - ctpecc

Conditions exterior to the body such as temperature or
humidity may be referred to as stresses. In a given set of
circumstances, environmental elements can combine to
create either heat or cold stresses. Many simple measures
exist that evaluate these stresses for outdoor conditions.

The physical response of the body to these stresses, such as
elevated skin temperature or sweating, may be referred to
as strains.



[loCTNXXeHne TepmMmunyecKoro pasHosecus

Responses

Posture
Clothing
Shelter
Movement
Re-location

Strains

Skin temperature
Sweat rate

Stresses

Air temperature
Surface temperature
Humidity

Wind

Apart from thermo-physical responses (which can be used as measures
of strain, humans can make conscious decisions to deal with the stresses
imposed by the environment. Many simple measures exist that employ

readily available meteorological data.



«Pun3nk Banstep HepHcT
yBriekancs passegeHuem
kapnoB. OgHaXxabl KTO-TO
rMyOOKOMBLICITEHHO 3aMETUIT:
“CTpaHHbIn BbIGop. Kyp
pa3BoauTb N TO
NHTepecHee”. HepHcT
HEeBO3MYTMMO OTBETUST: «A
pPa3BOXY TAKNX XXUBOTHbIX,
KOTOpble Haxo4sTcs B
TENNIOBOM pPaBHOBECUN C
OKpY>KatoLLen cpeaoun.
Pa3BoanTb TENSTOKPOBHbIX —
9TO 3Ha4YMT oborpeBaTb Ha
CBOW AEHbIN MUPOBOE
NPOCTPaHCTBO”



UHpeKCcbl TepMmUuyecKoro
KomdoprTa.

OT NpoCTOro K CNoXXHOMY



Example: Heat stress

This is an example of a heat

HEAT INDEX (apparent temperature) stress index. Note that it is a
RELATIVE PERCENT HUMIDITY derived apparent
: temperature that accounts

for the combined effect of
just two variables, air
temperature and relative
humidity.

Heat Index = -42.379 +
2.04901523T +
10.14333127R -
0.22475541TR - 6.83783
X 103T2 -5.481717 x 10
Source: National Weather Service _____________STAFF GRAPHIC/ JOHN HANCOCK LRSI Vo2 N2 B Qu (Ol KX S s
8.5282 x 104TR2 - 1.99 x
10-6T2R?




Example: Cold stress
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Frostbite Times |:| 30 minutes D 10 minutes [_l 5 minutes

Wind Chill (°F) = 35.74 + 0.6215T - 35.75(V®'%) + 0.4275T(V®19)
Where, T= Air Temperature (*F) V=Wind Speed (mph) Effective 11/01/01

This is a wind chill chart. It presents a ‘wind chill’ temperature that
accounts for the joint effect of air temperature (below freezing) and wind,
which enhances heat loss.




JKBUBANEHTHO-3PPEeKTUBHAA TemnepaTtypa

(33T 7).
* [1lo A.MwucceHapay :
37°C—T
ET = 37°C — 7 7
0.68 — 0.0014f + —0.29T(1 — 557)

1.76 + 1.4V 075 100

* Mo B.A. An3eHLwTaTy:
33T

= T[1—0,003(100 — f)]
— 0,385V [(36,6 —T) +0,622(V —1)]
+ [(0,0015V + 0,008)(36,6 — T) — 0,0167](100 — f)






PET index derived e T 12

File Input Output Table Language ?

Date and time Current data

from Rayman mOdeI Date (day.month.year) Air temperature Ta (°C) W
(Matzarakis, Rutz, Mayer|jree= B3 || vapourpressurevp (vpa) [125

Local time (h:mm) 0:26 Rel. Humidity RH (%) 53.5

Calculation:

Now and today I Wind velocity v (m/s) 1.0
L New
Geographic data Cloud cover C (octas) 0 ]
Location: | —J

Global radiation G (W/ml)
1st location - erster Ort ]
Mean radiant temp. Tmrt (’C)
rdd : I Remove Iocation

—Personal data 1 1 Clothing and aktivity-
Geogr. longitude (.*.'E) |7"51 Height (m) 175 Clothing (clo) ~ [0.9
Geogr. latitude (.°.’N)  [48°0 Weight (kg) 75.0 Akdivity (W) 80.0

Altitude (m) Age (a)

time zone (UTC +h) 1-0 Sax

Thermal indices

W PMV [ PET ¥ SET* I Close

*  Matzarakis, A., Rutz, F. (2005) Application of RayMan for tourism and climate investigations. Annalen der
Meteorologie 41: Vol. 2, 631-636.

. Matzarakis, A.; Rutz, F.; Mayer, H. (2000) Estimation and calculation of the mean radiant temperature within
urban structures. In: Biometeorology and Urban Climatology at the Turn of the Millenium (ed. by R.J. de Dear,
J.D. Kalma, T.R. Oke and A. Auliciems): Selected Papers from the Conference ICB-ICUC’99, Sydney. WCASP-50,
WMO/TD No. 1026, 273-278.

*  Matzarakis, A., Rutz, F., Mayer, H. (2007) Modelling Radiation fluxes in simple and complex environments —
Application of the RayMan model. Int. J. Biomet. 51: 323-334.
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Ha ocHoBe moaeneu Tena10BOro
6banaHca yenoBeKa

1) PET (Physiologically Equivalent Temperature) (Hoppe, 1984) — domnsnonormyeckn SKBMBasrieHTHas
Temnepatypa. [lapameTp onpegensieTcs kak Mepa TEMNOOoLYLLEHNS YeroBeka, Haxoasdulerocd B
COCTOSIHUM cnokoncTBus. Ha cerogHsawHun geHb PET cunTaetca ogHMM u3 Haubornee nonynsapHbIX

ép?c-.y'r

Teyiepatypa PET nokasbiBaeT HaubosnbluMe 3Ha4eHus Mo
| MEeToay MaKCUMU3auUn OTHOCUTENbHBIX PUCKOB
(RR) BO BpemMda aHOMarbHO-XapKou norogbl,
NOSTOMY  ABMAETCA  OCHOBHbIM  MPEAUKTOPOM

cmeptHoctu (Shartova et al., 2018).

2) UTCI (Universal Thermal Climate Index)
(Jendritzky et al., 2012) -—yHuMBepcanbHbIN

na

Hmesrscckas Goneane,  Mimewnrcsas Goneors, | Ujepet - TennoBon uHOekc knumarta. B otnnume ot PET
30- 0, 65 J1eT H cT: e 6o ofa JIeT ¥ cTapure o
T _mean » Tmax = HUMmean ax m A 3 . ax X PETmax ﬂaHHbIM I'IapaMeTp paCCL‘IMTbIBaeTCﬂ C
obda3aTenbHbIM yHéTOM BO3OENUCTBUS BeTpa, TO
OmHocumernbHble pucku cmepm+ocmu (RR) 8o epema aHomanbHo-
MapkKoli no2o0bl, UdeHMUpUUUPOBAHHOU MO PA3AUYHbLIM €eCTb npeanonaraercA, 4TO nponcxoanTt
buoknumamu4eckum uHoekcam (Shartova et al., 2018) TennooTaaya B OKpy)XalLlly cpeny 3a cyer

OBWXEHUNA YeroBEKaA.



PET

Knacc

TennoomymeHue

Hugeke PET GeOBeK |.’p1—!.'—;|.m.1|.':_r_-_||L|ec:Ht:+r-n
PET — 5TO Mepa Tens1080ro OLyLeHunn BoaelicTB i
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— 3TO YHMUBEPCA/IbHbIN UHAEKC
Tennosoro komgopTta. OH 6bin pa3paboTaH
KayecTBe KOHUEMNUMU «3KBUBAJIEHTHOM
TemrnepaTypbl»: OH BKAOYAET onpeenieHne QT
6a30B0Oro ycanosms, ¢ KOTopbim byayT :
CpaBHMBATbCA BCe Apyrme Kanmatnyeckue it e
ycnosuA. YnpouweHHo rosopAa, nHgexkc UTCI '
MOXET BbITb OnpeaesieH B Ka4ecTBe Radiation
S5KBUBANEHTHOM TemnepaTypbl 418 AaHHOM
KOMbOUHaUWMKM BETPA, pagmaLmmn, BNAXKHOCTM /s
TemnepaTypbl BO3Ayxa, BNOCAeACTBUN _
CpaBHMBaAeMbIM C TemnepaTypon BO34yxa B 2.
3TA/IOHHbIX YCNOBMAX BNAXKHOCTU, pagmaumm
N CKOPOCTU BEeTPa, KOTOpaA AaeT O4HO U TO
e 3HaYeHne «nHaekca gepopmaunmn» nnm
LKA 1bl OLLYLLEHNI

Physiological
model

Clothing
model

(L extreme heat stress

very strong heat siress

il strong heat stress

no thermal stress

Might cold atress

modetate cold siress

strong cold siress

j| very strong cold stress

extreme cold stress




— CaMbl COBPEMEHHbIN TENN0BOW MHAEKC, OCHOBAHHbIN Ha
dU3M0/I0TUYECKMX NapaMmeTpax yesioBeka. OH npeobpa3oBaH U3
nHaekca PET, HO ocHOBaH Ha APYrom ypaBHEHMM TeNJI0BOro banaHca
4Ye/IOBEKa U OH JlyylLle OLLEHUBAET BNAXKHOCTb U TEN/IOU301ALMOHHbIE
CBOMCTBA OAEeXApbl.

Cenyac 3170 caMbi YHUBEPCA/IbHbIN MHAEKC, KOTOPbIW y4Lle BCEro
OLUEHUBAET TEPMUYECKNN KOMPOPT
7



Heat pressure in different urban
landscapes
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Diurnal course of PET 29.07.2010
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3 hours

Not observed

3,5 hours

Not observed

13:30-16:30

Not observed

13:00-16:30

11:00-15:00
Heat syncope is possible

Not observed




Heat-wave intensity

: Septe mean

April May June July August her | Te
Ekaterinburg 101 90 78 79 8,4 9,2 8,7
Kazan’ 105 86 8,1 10 8,4 9 9,1
96 101 75 7 7,9 8,1 8,4
Moscow 85 77 81 92 83 9,0
Nizhnij Novgorod 9 8,5
11,2 m 11,0
Perm’ 10,1 8,3 8,5
Volgograd 8,4 7,4 7,9 7,6 8 7,1 7,7

Sankt-Petersburg 10 94 86 8,5 7,7 8,6 8,8
Ufa 10,3 8 8 7.9 8,1 8,6 8,5



«Strangeness» of heat wave events
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Po= i=1( Tmeanmax?ﬁwavemonth B Tmeanmaxmonth)
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[Ae 3TO HAaXOAUT CBOE
npumMeHeHue?



To4yku ocoboro pucka — ropoaa!

Cambi KapKuii geHb B MOCKBe

Temnepartypa Bo3gxa, °C

—MockBa (banuyr)
——Hapo-®omunHck

28 urona 29 nwonsn
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MBaHoBcKasa o6nacto I
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He TONbKO B peanbHbIX ropoaax

Figure 2: Mean minimum temperature for

November 1981 in Mexico City. Redrawn
from [4].




»The King‘s Landing Effect”
or
transforming social inequalities into

environmental problems on an example
of urban climate of a fantasy city




Imaginary city King’s Landing

eated by Fabis Cortemelly
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Model Setup

Domain: 10.1 km x 7.6 km x 0.5 km
Resolution: 60 m horizontal, 10-50 m vertical
Grid points: 168x126x25
Land use: 14 classes
Max elevation: 100 m
16 idealized simulations, 24 h duration, two wind
directions (NW and SE) for low and high wind speed,
temperature and relative humidity conditions.

Local Climate Zone (LCZ) classification system
(Stewart and Oke, 2012)

Built types

I. Compact high-rise

s

2. Compact midrise

LT

3. Compact low.rise

Definition

Dense mix of tall buildings to tens of
stories. Few or no trees. Land cover
mostly paved. Concrete, steel. stone.
and glass construction matenals.

Dense mix of midrise buildings (3-9
stories). Few or no trees. Land cover
maostly paved. Scone, brick, tle, and
concrete construction materials.

Dense mix of low-rie buildings (1-3
storics). Few or no trees. Land cover
mostly paved. Stone, brick, tle, and
concrete construction materials.

+ Building structure
and climate data
from Dubrovnik

Land cover types

A. Dense trees

B. Scaccered wrees

% 1 i
1de it

Definition

Heavily wooded landscape of
deciduous and/or evergreen trees.
Land cover maostly pervious (low
plants). Zone function is natural
forest, tree cultivation, or urban park

Lightly wooded landseape of
deciduous and/or cvergreen trees.
Land cover mosty pervious (low
plants). Zone function isgmnral




Model results for King’s Landing

DAY NIGHT

Annual number of hot days S A S A R Annual number of tropical nights

I B | B B

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 B85 90 95 100 10 15 20 25 30 35 40 45 S50 55 60 8 7 75 0 8 90 B W

Day: high heat load in the built-up area within the walls, higher head load values towards
inland
Night: high heat load towards sea and maximum heat load in the area of the poor
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Social Effects




The King’s Landing Effect

Excessive heat load can be formed in the socially unprivileged areas as a result
of natural and human induced factors.

Basic mechanism that relates social inequalities with environmental
problems in urban areas:

— naturally advantageous areas are expected to populated by higher classes
and maintain good quality due to careful planning

— less favorable areas are expected to be inhabited by lower social classes

and can further lose their quality due to impropriate planning

An example of an imaginary city serves as an illustrative example that does not
deal with any actual city, but the concept of the city itself.
The fantasy books describe social relationships, while environmental

processes and related climatic consequences are not intentional, but develop
as a result of social division.




Is there a King’s Landing effect in Vienna?

Urban heat load Real-estate prices

Sommertage: 1981-2010

Preise fur SRF-TU Wien
Baugrundstiicke o Institut fur

(Stand Janner 2001) C o Stadt- und Regionalforschung

| Bedrksgrenzen
Baugrundsticke
W bis 3.000
3.000 - 4.000
4.000 - 5.000
5.000 - 7.000
7.000 - 10.000
. [N 10.000 - 14.000
{ M Uber 14.000

https://www.tuwien.ac.at/aktuelles/news_detail/article/3452/

Climate Change question: in which direction are we driving the system?




B Kakux obnacrax mbl 31O
npumeHaem?



1. U3yyeHue BAnAHUA
npeobpasoBaHnA ropoacKoM
cpenbl
(Urban Greening etc.)



[Ipmep: NpOrHo3 TepmMmnyeckoro crpecca
B MoOcCKBe. 13 nt0/14 2010 roga 19:00
(Bo/HA Kapbl)

Tepputopusa 6e3 gepeBbLEB
JKCTPpEemMa/ZibHbIU TenJ10BOU CTpecc

CunbHbIX TENN10BOM CTpecc

PETcp = +42,1 A ecnu 3ToT
cTpecc

p— anuTtcsa >3 YacoB,
%4 - £ TO 3TO yXe
R PN -+ yBernyeHue
A " ' cMepTHOCTH !

I $ gauuve TIZ.JU O

Tepputopus c gepeBbsMuU
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I PETcp =+38,3
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2. OHNaUH-NPOrHo3upoBaHue
YC/10BUU TEPMUYECKOTO
KomdopTa
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15:05 YcTHBbIE OOKNaabl
15:05-15:20 BapeHuoB M.N.1,2,3,4, CamcoHos T.E.1,3, KaprawwH N.E1, KopocTtenesa

MN.A.1, BapeHuoe A.W. 1, MNepxypoea A.A.1, KoHctantuHos MNM.1.1,4 (1MI'Y nm.M.B.
NomoHocosa/ HMBLU, 2UPA um.A.M. Obyxosa PAH, 3lrnapometueHtp PP, 4LleHTp
CMapT TEXHONOMMN YCTOMYUBOro Pa3BUTUS FOPOLACKNX 3KOCUCTEM B YCINOBUAX
rnobaneHbIX nameHeHun PYOH, Mockea)

MpumeHeHWe gaHHBIX NepcoHankbHbIX MeTeocTaHuuin Netatmo ans uccnegoeanuna
ropoAcKoro Knumara, MOHUTOPUHIa 1 KapTorpadrpoBaHis MeTeoporiormMYeckmx
YyCIoBUiA N TepMUYecKoro komcopTta MockoBckoM mMeranonuce

16:55-17:00 MNMepxypoa A.A.1, KoHctaHTuHoe 1.1.1, BapeHuos M.W.1,2, CamcoHoB
T.E.1, KaprawwH MN.E.1 (1 MI'Yum.M.B.JTomoHocosa, 2HMBL

MIYum.M.B.JTomoHocoBa, Mockea)
PaspaboTka cucTeMbl MOHUTOPWHIA YCNOBUA TEPMUYECKOro KomcpopTa ANA HaceneHus

MockoBckoro merarnonuca B pexumMme peanbHONo BpemMeHNn

11 ceHTAOPSA

11 ceHTADPS




3. MNMporHosunpoBaHue ycnosumn
TepmMmuyeckoro KomepopTta Ha
macwtabe Poccum



TecToBbIn npoekT heat2020.ru

JIETO 2020 o] ¥ Kak Bectu cebs B xapy O TtexHonoruu O cratyce nHbopmauum O Hac

AETO BITOPOAE - .
- ﬂpf‘ _;J:Bj -
BEPEINCb >KAPbI , SR s

>XAPA B TOPOAAX POCCUUA

*MO AAHHBIM OMbITHOW TEXHONIOTU MPEACKA3AHUA TEMIOBOIrO CTPECCA A1/1A 30 KPYMHEMLLIVX POCCUNCKIX TOPOLOB

Camble >xapKue ropoaa B MakcmyMmbl TenIoBoro cTpecca B Camble KOM$OpPTHbIe ropoaa B Camble NpoxnajHble ropoja B
npeacrosime cyTkm* npeacrosiyme cyTkn* npeacrosime cyTku* npeacrosme cyTkm*

MOCKBA HaceneHue: 12 290 700 ven (2019) Moaxoasllee BpeMa ana nporynok/npobexek : ¢ 10:00 go 11:00

YyC/NOBWA TePMMNYECKOro KOMqJOpTa B eCTeCTBeHHbIX YCNOBMAX OCBeLWeHHOCTH - "Ha conHue"

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

- MpoxnagHo™ Cnerka npoxnagHo™ KomdpopTHo* Chnerka Tenno* Tenno* - XKapko* - OueHb KapKo*

- XonoAHO*  *TennooluylleHWe Yenoseka, OAeTOro B NeTHeM CTuUAe (NAoTHaA GyTbonka/pyballka + BprokW/tobka)

**COrNACcHO HaKTOPY TEMAOBOrO CTPECCa/KOMPOPTa, 683 yueTa BEPOATHOCTU BLINAAEHNA OCALKOE Haeepx




Hacenenwme: 575 352 yen (2019) Moaxoanllee Bpema ans nporynok/npobesxek : 12:00-13:00

YCN0oBKWA TEPMWUYECKOro KOMq)DpTB B eCTeCTBEHHbIX YCNOBMAX OCBELLLEHHOCTH - "Ha conHue"

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

- MpoxnagHo™* Cnerka npoxnagHo™* KomgpopTtHO* Cnerka tenno* Tenno* - Kapko* - QOueHb Xapko*

- XoNnoAHO*  *TennooulyluleHWe YenoBeka, OAeToro B 1eTHeM ctune (NnoTHaa dytbonka/pybaluka + 6prokK/obka)




pacHopap

KPACHOZJAP Hacenenwe: 918 145 uen (2019) Moaxoasiiee BpeMa Ana nporynok/npobexek : 7:00-8:00 v 22:00-24:00

02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

- NpoxaaaHo* Cnerka npoxnaaHo™ KOMGOPTHO" Cnerka Tenso” Tenno” [ eexe’ - OueHb XapKo”
I xcroaro”  *Tennoowyuenie uenoseKa, OAETOTO B NiETHEM CTMAE (N0THAA GYT6O/Ka/pyBaLLKa + BpIOKw/106Ka)

**COrnacHo GakTopy TeNACBOro CTPecca/KoMPopTs, Be3 Y4eTa BEPOATHOCTU EbIN3AEHUA OC3AKOE Haeepx
®usmnonornyeckn-aksusaneHTHan (PET) - «ouwyuwaeMan>» 4enioBe4eCKMM OpraHu3MoM
TeMnepartypa B paMoHe 12:00 moxxeTt npesbicutb +50 rpagycos !

e 7

oS

18:20 KpaTkoe ycTHOe coobuieHune
18:20-18:25 KakoskuHa A.l.1, KoHcTtanTtuHos N.1.1,2 (1MIYum. M.B_JlomoHocoBa,
2Hay4HbIi ueHTp «CMmapT TEXHONOrMN YCTOMYMBOrO pasBUTUA rOPOACKON cpeabl B

ycnoBusax rmobanbHbix nameHenniny PYOH, Mockea) 1 1 CeHTﬂ 6pﬂ

MepBble pe3ynsTatbl UICCNEA0BaHWSA YCNOBUIM TepMUYecKkoro koMmdopTa B KpynHENLLNX
agMUHUCTPATUBHLIX LeHTpax P®




4. KammatuyecKan oueHKa
U3MEHEHUN TePMUYECKOro
KomdopTa
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FIG. 1. Spatial distribution of mean (a) winter and (b) summer air temperatures for Russia, as well as the (¢) mean winter UTCI and
(d) mean summer PET, for 1981-2010.

Mikhail Varentsov, Natalia Shartova, Mikhail Grischenko, and Pavel
Konstantinov. Spatial patterns of human thermal comfort conditions in russia:
Present climate and trends. WEATHER CLIMATE AND SOCIETY, 12(3):629—-
642, 2020.
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F1G. 3. Spatial distribution of Sen’s slope coefficients of linear temperature trends for (a) winter and (b) summer, (¢) UTCI for winter,
(d) PET for summer, (e) trend anomaly defined as the difference between the UTCI trend slope and the temperature trend slope for
winter, and (f) PET trend slope and temperature trend slope for summer for 1979-2018. Stippling in (a)—(d) indicates grid cells for which
the trend was significant at p < 0.05 according to the Mann-Kendall test.

Mikhail Varentsov, Natalia Shartova, Mikhail Grischenko, and Pavel
Konstantinov. Spatial patterns of human thermal comfort conditions in russia:
Present climate and trends. WEATHER CLIMATE AND SOCIETY, 12(3):629—-
642, 2020.




5. 3meHeHue KammaTta APKTUKHU



TpeHabl TeMNepaTypbl U TpeHabl TeMNepaTypbl H Tpenatl Temnepartypel 1 Tpengb Temneparyps! U
HHIEKCOB B TOpoge HHIEKCOB NO TOpORY MH[EHCOE MO ropogy MHJEHKCOE MO Topogy

°c Hageim oc ApxaHrensck °C Hanganakwa °c MypmaHck
1960 1980 2000 2020 1960 1980 2000 2020 1960 1980 2000 2020

5,0 5,0

1960 1980 2000

2,0 2,0
-1,0 -1,0
-4,0 -4,0
7,0 7,0

-10,0

Tpenas! Tem
p: H E:I[:DB I:I:!]p;wgu " TpeHfs! TeMNepaType! U HHASHCOB NO TpeHpab! TemnepaTypbl 1
A PORY ropogy AHagbIpb °C HHASKCOB B ropoge Canexapp

Hapean Map

s UTCI * mPET
= [lMHEHHEA (Temn) = lpnennan (PET)
s luHedHan (UTCI) = Nuueiuan (mPET)

A. A. Semenova, P. I. Konstantinov, M. |. Varentsov, and T. E. Samsonov.
Modeling the dynamics of comfort thermal conditions in arctic cities under

regional climate change. IOP Conference Series: Earth and Environmental
Science, 386:012017, 2019.




