Temmeparypa Bo3ayxa U 3J0POBbE
HaceJiIeHUA B ropojiax Poccuu:
pPEe3yJIbTAThI IIEPBOT'0 CTPAHOBOT'O
HCCaeaJ0BaHusA, 2000—19 IT.

Hartaapsa IIlapToBa, bapceJOHCKHUYN HHCTUTYT IJ1o0aJbHOTO
3paBOOXpaHeHUA

Cepreui TuMOHUH, ABCTPAaJIMNUCKUN HAIlUOHAJbHBIA YHUBEPCUTET



IIpeanocsuIKu IpoBeaAECHUA JAHHOTO
HCCJIE/IOBAHUA

« (06a aBTOpa — BBIMYCKHUKU reorpaduueckoro pakyaprera MI'Y um. JIomoHOCOBA;

« Haraspa cnenuann3upyerca Ha BOIIPOCax MeUIUHCKOM reorpadum; Cepreu - Ha

AeMorpadguu 1 U3ydeHUH CMEPTHOCTHA HaCeJIeHU;

* B MmexayHapoiHOM Jab0paTOpUN UCCael0BaHUA HAaceleHUA U 3/10poBbs BIIID
yAAJIOCTh cOOpaTh AJIMHHBIE PAABI UHAUBUIYAJIbHBIX JIENIEPCOHU(PUITIPOBAHHBIX
JTAHHBIX 00 yMepIux, 61aro/iapsa KOTOPbIM B IPUHITUIIE CTAJI0O BO3MOKHO

IIpOBEAECHNE JAHHOI'O NCCJIEAOBAHUA.
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IIpeamnochlIKu McciIeIOBaHUA - 1

« MHorouncjeHHbIe BOJIHBI Kapbl HAa pybexke BekoB (Uukaro u JIOHI0H B 1995 rojy, 3anaHast
EBpora B 2003 roay u EBponetickas Poccusi B 2010 roay), a Tak:Ke HeJIlaBHUE BOJIHBI JKaphl B

EBporie B 2022 1 2023 rojaax.

« HecmoTps Ha 3HAYUTEJILHBIN 00bEM HCCIIEA0BAHUM, JEMOHCTPUPYIOIIUX HETATUBHOE
BJIMSIHYE BOJIH JKaphl M X0JIO/IA HA 3/I0POBbE U CMEPTHOCTh HaceJIeHUs, He XBaTaeT boJiee
IIOJTHOTO MU3YYEHUS CBA3U MEXKAY CyTOUHOU TEMIIEPATYPOU OKPYKAIOIIeX CPebl
ITOKa3aTeJIIMU 37J0POBbsI, 0COOEHHO /i HarboJiee ysI3BUMBIX TPYIII HaceJeHus,

IIPOXKHUBAIOIINX B PA3JINYHBIX KIIMMATUYE€CKUX YCJIOBUAX.



IIpeamnochliKy UCCIeIOBAHUA - 2

ITociietHE METOIOJIOTUYECKUE IOCTUKEHUA U YIIYUIIIEHNE KaueCTBa U JJOCTYITHOCTH JaHHBIX
II03BOJIMJIU IIOJIYYUTh COBpeEMeEHHbBIE U O0Jiee TOUHBIE OIEHKH CBA3U MEXKAY TeMIIepaTypou U
CMEPTHOCTBIO HaCeJIEHUs, HO 5TU UCCJIEIOBAHUA OXBATHIBAIOT JIUIIb OTPAHUYEHHOE YK CJIO

CTpaH.

CylecTByIOIIME JaHHbIE 0 CMEPTHOCTH, CBSI3aHHOU ¢ TeMIlepaTypoi, B Poccuu (a Taxke B
npyrux crpanax Bocrounoit EBponbl u lleHTpanbHOM A311), KaK IPABUJIO, OTPAHUUYNBAIOTCS

HCCIIEAOBAHUAMU BJINMAHUA BOJIH KaPbl NJIN X0JI0AA HA CMEPTHOCTDb B OTAEJ/IbHbBIX I'OPOJaX.



Ilestp HAIIETO KCCIeOBAHUA

- IIPOBECTH KOMILJIEKCHBIU aHAJIN3 CBA3U TEMIEPATypPhl BO3/TyXa U CMEPTHOCTU HAaceJeHU B
pas3pese KPYITHEUIIINX TOPOo/I0B Poccru, pacnosioKEHHBIX B pa3HbIX reorpaguuecKrux 30Hax U

BKJIIOYAIOIIHX HAaCeJIEHNE C Pa3HbIM YPOBHEM CMEPTHOCTH.

BBenenue
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Jla"gHbIe - 1

JlaHHbIE 00 YyMepIIHNX:

Habop maHHBIX O €XKEeJHEBHBIX CIy4asaX CMePTH AJiA 300 KPYIHEUIIIHX
roposioB Poccun 3a mepuoj ¢ 1 sHBaps 2000 roja mo 31 Aekadbps 2019
roja;

57% oT Bcex U 78% OT cMepTel cpeair TOPOACKOro HacejaeHus Poccun;

Mbl OpegHaMePEHHO HCKJIIOUWIN BHEIIHHE IIPUYHHBI CMePTH (KOIbI
MKDB-10: V01-Y98), xoTOpHhI€e cocTaBUIN 10,7% cMepTEN OT BceX IIPUYHH;

OO61I1e Y1cI0 cMepTel, BKJIIOUEHHBIX B aHAJIN3 - 19 044 538 cmepreii;

CMmepTu OBLIM JIOIIOJIHUTEJIBHO CTPAaTH(MUIUPOBAHBI MO MOJYy U TPeEM
BO3PACTHBIM I'PyIIIIaM: 0-59, 60-74 u 75+ JIeT.



Jla"HHbIE - 2

KauMmarnueckue 1aHHbIE:

» Jlanable peananu3a ERA5-Land c paszpeliienueM 0.1°x0.1°.

ComuaapHO-AeMorpaduueckue JaHubie (/11 MeTa-aHa/JInu3a):
" YHCJIEHHOCTb T'OPOJICKOTO HaCeJIEeHHSI;
" J10J1s1 HaceJIEHUs B Bo3pacTe 65 JIET U CTapIIIE;

" J0JId HaCeJICHUA C BbICHINM O6paBOBaHI/I€M.



JJieraHTHAas CTPYKTYpa JIJIs MOJAEJIUPOBAHUSA CIIOKHBIX
BpPEMEHHBIX 3aBUCUMOCTEN

IlepBoHauabHO pa3dpaboTaHHAS JJIA JUHEMHBIX aCCOIUAIII
(DLM), 3aTeM pacuidpeHa i HeJINHEHHbIX peaKIIuy Ha
Bo3aercTBre (DLNM)

HesinmHenHasn
MOJIEJIb C
pacnpeaejJaeHHbIM
JIArOM

Distributed lag
non-linear model




JlaHHBbIE 10 CMEPTHOCTU U TEMIIepaType

ExkecyTOuHOE KOJIUYEeCTBO Ion / 0-59  60-74 75+
CMepPTeH OT eCTECTBEHHBIX, Bospacr 19 045 538 cmepTeli =
2000-2019 MY>KUUHBI v v v
v v v
Poccmam )KzHHmHH . L . 89.3% OT BCeX
Oba moma cMepTen

CpenHecyTouHas TeMIepaTypa Bo3ayxa, 2000-2019

ERA5-Land

Marepuasisl 1 METObI




Mogens 114 onpeaeaeHuAa PUCKOB CMEPTHOCTH
BCJIEZICTBUE BO3IECTBUA TEMIIEPATYPDI

Meto/ aHa/iM3a BpEMEHHBIX PALOB

Metoz pa3dpaboTaH B 95 KOHOMETPHKE:
o Modeaw ¢ pacnpedeneHHbIM 1a20M

o Distributed lag model

VI3HAYa/IbHO HCIIOJIb30BAJICA JIJIsl HPOTHO3a
3HAaYeHUA Ha OCHOBE HaOJIIOIeH U

Econometrica, Vol. 33, No. 1 (January, 1965)

THE DISTRIBUTED LAG BETWEEN CAPITAL APPROPRIATIONS AND
EXPENDITURES!

BY SHIRLEY ALMON

THIS PAPER PRESENTS a new distributed lag, very flexible and easy to estimate, and
its application to the problem of predicting quarterly capital expenditures in
manufacturing industries from present and past ‘appropriations.z One would
expect, encouraged by a few simple correlation coefficients, that computing the
weighted sum of past appropriations which comprises current expenditures would
require a distribution of weights which rise for a time, then decline. Here it is
assumed only that successive weights lie on a polynomial. The plan is to estimate as
regression coefficients a few points on the curve, taking account of the fact that
polynomial interpolation will be used to interpolate between them for the remain-
ing points. The same equation may include other variables with different distributed
lags, or unlagged variables. Since the length of the distributed lag is generally not
known in advance, it is necessary to estimate the distribution using varying num-
bers of periods, then choose the best among them.
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The Distributed Lag between Air Pollution and Daily

Deaths

Schwartz, Joel
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CaBur OT npeficKa3aHUs K OLIEHKe

IIpeanonaraemas KpuBasi, IOKa3bIBaIOIasi BO3/IEUCTBHUE
AKOJIOTUYECKOTO TOKCUHA C TEUeHUEM BpeEMEHU

[lesbr0 JAHHOTO aHaAIN3a ABJIAETCA OLpe/ieIeHUe
dbakTrueckon GpopMbl KpUBOU, OTOOpaKaroIien
JNHAMUKY CMEPTHOCTH IOCJIe Bo3/ierucTBUsA PM10




Two-stage design

Ha nepBoM aTalie olleHUBAIOTCs acCOIMAIIUN «BO3/IeCTBHe-peaKIUs», CIIelu(pUUHEIE

AJIA KOHKPETHOI'O MECTOIIOJIOZKEHU A

Ha BTOPOM oTall€ OII€HKH O6’I)€,Z[I/IHHIOTCH C MCIIOJIb30OBAHHUEM METOJ0B ME€TaaHa/IN3a AJIA

ITOJIYYEHHA (I)I/IHaJIbHI)IX PE3Yy/JAbTAaTOB

Metaananuns

YTOYHEHHBbIE OIIEHKH

IIpeauKkTOpHBI
(dbakTOpHI)

R package: DLNM, Mixmeta

Marepuasisl 1 METObI




MozenupoBaHue 3IUAEMHUOJIOTHYECKOM
3aBHCUMOCTH «BO3/eHCTBHE-PEAKIIHA»

Using smooth spline functions

3 A 200BITUH
s Eplines with 10dyear

+ns(Time,,df=8/year) +BDOW,,
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KOHTPOJIb CE30HHOCTHU U IIepeMeHHadA

TpeHJa CMEPTHOCTU JAHA HEAE/IN
napamempusayuu
go3deiicmeus- Bastcro: )
peaxkuuu u naaa- o HeauHeuHas accoyuayusn
peaxyuu o 3adepxcka 8 peakuuu (naz)
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OnrTuMasibHbIE ITapaMeTPhl MOJEIN

Cross-basis function:

o natural cubic spline

o 3 internal knots placed at the 10th, 75th, and 9oth
percentiles of temperature distributions

o lag = 21 days

Seasonal and longer-term trends:
o natural cubic spline of time with 8 df per year

Control for:
o day of the week
o national holidays




IlepeMeHHEbIe, HCII0/Ib3YEMbIE B KAUECTBE
IIPEUKTOPOB B MeTa-aHaJINn3e

Qo
o CpenHerozmoBas TeMIieparypa 0 = r | ¢ ié’
o HMHTepKBapTHJIbHBIN pa3max i, -
TEMIIEPATyPhI
o YuciieHHOCTh HaceJIeHHUs
o % HaceJieHUA crapiie 65 JjieT
o % HaceJieHUS C BBICIIIUM
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BrIXOo1HbBIE TaHHBIE MOIEIN

Lag-response at 220
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BrIXOo1HbBIE TaHHBIE MOIEIN

Prek Prex o®opMa 3aBUCHMOCTH «BO3JIEHCTBHE —
CBA3aHHBIHN C CBA3aHHBIA C
A X0JIOA0M )Kapof/i peaKHI/II/I »

o KyMy/IATUBHBIU OTHOCUTEJIbHBIA PUCK

oMMT

RR

oAtpubyTuBHas ¢pakiusa prucka / Attributable
risk fraction (AF)

oATpuOyTUBHOE KOJIMUECTBO CMepPTeli/
Attributable numbers (AN)

v

Temmneparypa
TeMmepaTypa MUHUMaJIbHOU CMEPTHOCTH
Minimum mortality temperature (MMT)

PedepencHoe 3HaueHne TeMIepaTyphbl IPU KOTOPOM
Ha0JTI0/TaeTCs MUHUMAaJIbHBIN PUCK

Martepuasbl 1 METOABI




Mortality (deaths)
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Sensitivity analysis to 2010 extreme heatwave
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TeMmnepaTypa MUHUMAaJIbHOM CMEPTHOCTH,

2000-2019

in °C (number of cities)
14.9 (1)

17.2-18.4 (41)
18.4 - 18.9 (66)
18.9- 19.6 (77)
19.7 - 20.7 (29)
20.8-21.8(26)
21.9-23.0(26)
23.1-24.6 (34)

00000000

Minimum mortality temperature (MMT),

o] Q

Vv
N

The circles on the map are proportional
to the logarithm of the population size of
the cities in 2010

Relative Risk

Relative Risk

3.0

25

2.0

15

Norilsk(4729)

1.0

15 2.0 25 3.0

1.0

-40 -30 -20 -10 O 10 20

Temperature (°C)

Krasnoyarsk(4701)

—

-40 -20 0
Temperature (°C)

20

Relative Risk

Relative Risk

30

25

2.0

15

1.0

15 2.0 25 30

1.0

Arkhangelsk(11701)

-40 -30 -20 -10 O 10 20 30
Temperature (°C)

Astrakhan(12701)

-20 -10 0 10 20 30
Temperature (°C)

I'eorpaduueckne pazinuus




EBporerickas yactb Poccuu 0oJiee ysa3BUMa K BO3/IEHCTBUIO JKapHhI.
Pasyinuusa B X0JIOI0BOM PUCKE CMEPTHOCTH HE ITPOCIEKUBAIOTCA IO
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PHICK CMEpPTHOCTH, CBSI3aHHBIH C KapOU
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PHCK cMepPTHOCTH, CBSI3AHHBIM C XOJI0J0M

r=0.11, 95% CI[-0.01, 0.22], p-value > .999
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11.1% cMepTeM CBSI3aHbI ¢ HEOIITUMAJIbHBIMU

TeMIlepaTypamMu
Cold Extreme cold Heat Extreme heat
(95% CI) (95% CI) (95% CI) (95% CI)
10.47 0.65 0.67 0.40
Attributable fraction (%) (8.80, 11.99) (0.51, 0.78) (0.42, 0.88) (0.25, 0.52)
99,631 6226 6,376 3793

Attributable numbers (deaths)

(83,731, 11,4145)

(4871, 7408)

(4,014, 8,345)

(2414, 4940)

Ha ocHOBe cpaBHeHUs JaHHBIX ¢ 854 ropogamu EBponbl (Masselot et al., 2023):

« JuamnaszoH AF B EBpornelickoli Poccuu 6b11 6711M30K K 3HadeHUAM BocTouHoii EBpomnbl

« 3naueHus AF B ceBepo-3al1aJIHbIX POCCUMCKHUX rOpo/iax ObLIN OUEHb II0X0XKH Ha 3HAUEHU s,

obHapy»xkennble B CeBepHOU EBporne (10% 045 xon00a u 0,2% 045 xcapwt)

« IO:xHBIE poccuiickue ropoja, conocrabpuMslie ¢ FOxxHou EBponoi, umesu 6osiee Bhicokre AF Kak a1

xosoaa (9,2% npomus 6,3%), Tak u A »kapsbl (1,4% npomuse 1,2%)




1%6 cMepTeM CBSA3AHbI C SKCTPEMAJIBHBIMU

TeMIlepaTypaMu

Cold Extreme cold Heat Extreme heat
(95% CI) (95% CI) (95% CD (95% CD)
10.47 0.65 0.67 0.40
Attributable fraction (%) (8.80, 11.99) (0.51, 0.78) (0.42, 0.88) (0.25, 0.52)
99,631 6226 6,376 3793
Attributable numbers (deaths) (83,731, 11,4145) (4871, 7408) (4,014, 8,345) (2414, 4940)
Far Eastern Far Eastern I
East Siberian East Siberian N
West Siberian West Siberian 1N
Ural Ural N
North Caucasus COld AF North Caucasus I Heat AF
Volga-Vyatka Volga-Vyatka I
Volga extreme Volga W extreme
Central Black Earth total Central Black Earth I total
Central Central I
Kaliningrad Kaliningrad 1IN
Northwestern Northwestern [N
Northern Northern
0 2 4 6 8 10 12 14 16 0 0,5 1,5 2 2,5




Pe3yJjbTaThI:

I11los10BO3pacTHbIE
pa3/inumnA
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KeHIIHEI U JII0IU cTaplile 75 JeT boJjiee
YA3BUMBI K BO3/IECTBUIO »KaPhI

A. Total population stratified by sex B. Total population stratified by age
-  men . —— 0-59 years
E 7 — WOomen f = . —— 60-74 years
—— both sexes ' —— over 75 years
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Pazmiaus B prcKe CMEPTHOCTU 00YCJIOBJIEHHOM »Kapou
0oJiee BhIpasKEHbI CPpeAU KEHIIUH, UeEM CpeaU MY>KUNH

C. Female population stratified by age D. Male population stratified by age
B — 0-59 years i 1 —— 0-59 years
—— 60-74 years ' —— 60-74 years
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Cpey My>KUYHH CpeJHEro Bo3pacTa HaO mogaeTcs 0oJiee
BBICOKHI PUCK CMEPTHOCTHU, CBA3AHHBIH C 3KapOH, 110
CPaBHEHMIO C »KEHIIITHAMU TOI'0 K€ BO3pacra
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AHasTOTUYHBIE I1I0JI0BO3PACTHBIEC PA3/INYUA
O6Hapy}l{eHbI B EBpOHe nature medicine 3

Article https://doi.org/10.1038/s41691-023-02419-z
Heat-related mortality in Europe during the
summer of2022

KyMy.JI}ITI/IBHaH 3aBUCHUMOCTb CMEPTHOCTHU OT
TeMHepaTypr B EBpOHe, 2015_2019 FF. Received: 5 January 2023 Joan Ballester®' , Marcos Quijal-Zamorano®'?,

A o 24 May 2023 Raul Fernando Méndez Turrubiates', Ferran Pegenaute ®',
coepted: nd Frangois R. Herrmann®*, Jean Marie Robine ® *%", Xavier Basagafa®'*®,
Published online: 10 July 2023 Cathryn Tonne'?®, Josep M. Ant6'?® & Hicham Achebak®

a) All Ages b) Age 0-64 c) Age 65-79 d) Age 80+
0 | v | v | v |
- e Both Sexes = - Both Sexes - = Both Sexes - = Both Sexes
= \Nomen w— \NNomen w— \NNomen w— \Nomen
< | — Men < | — Men - | w— \Men < | w— Men
3 o 3 o 3 o % o
€ «~ 7 € «~ 7 Z «~ 7 € «~ 7
2 2 2 2
© ©
LR 3 - 3 - 3 -
['4 [v4 [v4 o
° =] . =] o
T Y T T T T T T S b T T S m— T T iy T T T T T T T ey T T T T T T
-5 0 5 10 15 20 25 -5 0 5 10 15 20 25 =5 0 5 10 15 20 25 =5 0 5 10 15 20 25
Temperature (°C) Temperature (°C) Temperature (°C) Temperature (°C)

ITosioBO3pacTHLIE pa3anunAd




Cubupckue ropojia XapakTepu3yioTcs 00jiee BHICOKIM
PHCKOM CMEPTHOCTH, CBSI3aHHBIM C KapOu, CPEIN
MY>KUUH cpeJgHero Bo3pacrta (0-59 Jier)

Heat (99th percentile of temperature) relative risks
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AnHajiorugHas 3aKOHOMEPHOCTh IPOCJIEKHUBAETCA U
TIJI1 pYCKa CMEPTHOCTH, CBSI3aHHOTO C X0JI0JIOM, HO

IIJIs1 BO3PAaCTHOM I'PYIIIbI 60-74 roga

Male

Cold (99th percentile of temperature) relative risks
Regions
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SaKJIIDUeHue

OneHka n30bITOYHON CMEPTHOCTH, 00YCJIOBJIEHHOM TeMIlepaTypoii, B Poccum:

99 631 cMepTel, CBA3AaHHBIX € X0J00M (10.47%) u 6 376 cMepTell, CBA3aHHBIX C 2Kapou (0.67%)
3a 2000-2019 IT.

I'eorpadpuueckrue 3aKOHOMEPHOCTH: YEeTKO IIPOCIEKUBAIOTCA JIJISI 3Kaphbl, B TO BpeMs Kak
MeHee 3aMeTHBbI JIJIsI X0J10/1a

ITostoBO3pacTHBIE PA3/IUUMNA: BAPbUPYIOT B 3aBUCUMOCTH OT PETHOHA

Illranbl IO aganTanyy K 2Kape U X004y : IIOHUMaHte TOro, Kak [10JI0BO3pacTHasA
ySAA3BUMOCTD B3aUMO/JIEUCTBYIOT C PETMOHAJIbHBIMU PA3JINUUAMU B COCTOSHUU 3/I0POBbSI, UMEET

pelawpliee 3HaUueHUe AJ1s1 pa3paboTKu 3PPEKTUBHBIX CTpAaTErUi CMATYeHUs ITIOCTEACTBUU 1
aJlanTallvH.
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