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NepiAnyn

KUplog otoxo¢ tng AtmAwpatikng Epyaciog

H napolooa AutAwpartikn Epyaocia Stepeuva tn oxéon avapeoa otnv efdopadlaia Beppikn
gvtaon (weekly heat intensity) kat tn Bvnoipudtnta and oAeg tig atieg (all-cause mortality)
oTLg Sekatpelc EAANVIKEC TiepLdEpeLeg TNG ovopaTtoAoyiag eSadIlkwV LOVASWY OTATLOTLKAG
erunédou 2 (Nomenclature of Territorial Units for Statistics level 2, NUTS-2) ywa tnv
niepiodo 2015-2024. 31tdx0¢ elval n ektipnon tg Bgpuikng kKAiong Bvnowuodtnrtag (heat-
mortality gradient) oe eBdopadlaia mepidepelakr KAMOKO KOL N HUETATPOTH TOU

EUPNUOTOC o€ MAOLOLO TIEPLPEPELAKNG TIPOTEPALOTIONONG YLA TN SNUOOLA LYELQL.
MeBodoloyia

H pelétn ouykpotel Slaxpoviko-dlamepldpepelako nAaiolo dedopévwy Bepung neplodou
(warm-season weekly regional panel), pe povada avaluong tnv nepipépela-efdouada
(region-week). Ta 6eSopéva mpoépyovtal anod tn Eurostat, tnv enavaluon xepooiwv
KAlpatikwv Sedopévwyv ERA5-Land (European ReAnalysis version 5 Land) kot tov
Evpwmnaikd Asiktn Mowdtntag AtakuBépvnong (European Quality of Government Index,
EQI). To kUplo MANpeG Selypa (primary complete-case sample), LETA TOV AMOKAELOUO TNG
navonuikng Statapaéng 2020-2021, mephapfavel 2.275 nepidepelakeg efdoupadess. H
Baowkn €kBeon elval o deiktng eBdopadiaiag Bepuikng evtaong (heatintensity_week),
6nAadn 1o ABpolopa twv nuepnowwv PBabuonuepwv umépBaong (degree-days of
exceedance) Mavw ano To MEPLPEPELOKO 950 EKATOOTNUOPLO TNG NUEPNOLAG HEYLOTNG
Beppokpaciag (95 Tmax). To kUplo umoddslypa elvat apvnTikd SLWVULLKO MOVTEAO
anaplBuncswv (negative-binomial count model) pe AoyapBuiky cuvéeon (log link),
mAnBuouLakd avilotabuiopa (population offset) kat otaBepég emudpdoelg (fixed effects)
niepldEpelag, £toug Kat eBdopadag Bepung mepldodou. H oupmepaocpatoloyia eAéyxetal
pe S10pOwon CR2/Satterthwaite, katavepunuéva Hn YPOUUIKA HOVIEAQ ULOTEPNONC
(Distributed Lag Non-linear Models, DLNM), nAKLOKN OTPWUATWOT), ELKOVIKOUG EAEYXOUG
(placebo checks), otaBepéc emdpaoelg étouc-efdopnadag (year-week fixed effects) kat

QVadPOLKO ETIXELPNOLAKO EAEYXO TOU Kavova P90.

Evpruoata
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To anoteAéopata Seixvouv BeTikr) oxéon BepUlkAg évtaong Katl Bvnoluotntag. H kupLa
ektipnon amodidel Adyo emimtwong pubuol (Incidence Rate Ratio, IRR) 1,0184 ava
npooBetn °C-nuépa unépPBaonc, pe 95% daotnua gpmiotoocuvng CR2 1,0145-1,0223 Kot
p=0,00003. H opada nAikiag 80 etwv kat avw epdavileTal wg To otabepOTEPO OTPWUA
evaAwtotntag, pe IRR 1,0189. H mepipepelakny avaluon OSlakplvel TV amoAutn
neplpepelakn avtiBeon mpooappoyns (regional adaptation contrast, AC), tov Seiktn
neplpepelakng  aviibBeong  Mpooapuoyng  ouvoAlkol  nAlklakoU  $AoHATOG
KQVOVLKOTIOLNEVO WE TPoG tov TAnBuopo 80+ (older-population-normalised all-age
regional adaptation contrast rate, ACRate80), tov emixelpnolakd kivéuvo YPeudwg
opvnuikwv eBdopadwv (false-negative operational risk) kot to SapBpwtikd mAaiolo

(structural context).
Zupnepaocpara

H Bepuodtnta avadelkvuetal wg mpoPAnua Snuoolag uyesiag, mepLPEPELAKAG ETOLUOTNTOG
KOl OVOEKTIKOTNTAG OUOTNUATWY Uyelag. Ta eupnuata UMOoTNPL{oUV OTOXEUMEVN
npootacia Twv atopwv 80+, efdouadiala mapakoAoubnon P90 kat Stadopomoinuévo
oxedlaoud oxeblwv dpaong Bepudtntag kot vyelag (Heat-Health Action Plans, HHAP). Ou
SelkTEC KALVWV, LOTPWV KoL BECHLKNC TTOLOTNTAC EPUNVEVOVTOL WG OPLOKEG OEPULKES KALOELG
TIEPLOPLOUEVEG OTO EUTIELPLIKO oTRpLyHa (support-restricted marginal heat gradients) ko

OXL WG KaBoALka kotwdALa erapkeLlog (universal adequacy thresholds).
NECeG-KAELOLA: Beppikd ook, BvnolotnTa amo OAeg TG altieg, TePLdEPELOKD
QVOEKTLKOTNTA CUOTNUATWY Uuyesilag, Beppoamodidopevo ¢optio, apvnTikd SLWVULKO

povtélo (negative-binomial model), Bsopikn moldtnTa.
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Abstract
Main Objective of the Master’s Thesis

This Master’s Thesis investigates the relationship between weekly heat intensity and all-
cause mortality across the thirteen Greek regions of the Nomenclature of Territorial Units
for Statistics level 2 (NUTS-2) during the period 2015-2024. The objective is to estimate
the heat-mortality gradient at a weekly regional scale and to translate the empirical finding

into a regional prioritisation framework for public health.
Methodology

The study constructs a warm-season weekly regional panel, with the region-week as the
unit of analysis. The data are drawn from Eurostat, the ERA5-Land reanalysis dataset
(European ReAnalysis version 5 Land), and the European Quality of Government Index
(EQI). The primary complete-case sample, after excluding the pandemic disruption of

2020-2021, consists of 2,275 region-weeks.

The main exposure variable is the weekly heat intensity indicator (heatintensity_week),
defined as the sum of daily degree-days of exceedance above the regional 95th percentile
of daily maximum temperature (q95 Tmax). The main specification is a negative-binomial
count model with a log link, a population offset, and fixed effects for region, year, and
warm-season week. Inference is assessed using CR2/Satterthwaite correction, Distributed
Lag Non-linear Models (DLNM), age stratification, placebo checks, year-week fixed effects,

and a retrospective operational audit of the P90 rule.
Findings

The results indicate a positive association between heat intensity and mortality. The main
estimate yields an Incidence Rate Ratio (IRR) of 1.0184 per additional °C-day of
exceedance, with a 95% CR2 confidence interval of 1.0145-1.0223 and p=0.00003. The
population aged 80 years and above emerges as the most stable vulnerability stratum, with

an IRR of 1.0189.

The regional analysis distinguishes between absolute regional adaptation contrast (AC),
older-population-normalised all-age regional adaptation contrast rate (ACRate80), false-

negative operational risk, and structural context. This distinction indicates that regional
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prioritisation should not rely on a single indicator, but on multiple complementary lenses

of public-health risk, vulnerability, and operational readiness.
Conclusions

Heat emerges as a public-health, regional preparedness, and health-system resilience
issue. The findings support targeted protection of people aged 80 and above, weekly P90
monitoring, and differentiated planning of Heat-Health Action Plans (HHAP) at NUTS-2
level. Indicators of hospital beds, physicians, and governance quality are interpreted as
support-restricted marginal heat gradients and not as universal adequacy thresholds.
Therefore, the study does not convert observational associations into absolute causal
claims, but provides a technically grounded and reproducible framework for

epidemiological assessment, operational surveillance, and regional accountability.

Keywords: heat shocks, all-cause mortality, regional health-system resilience, heat-

attributable burden, negative-binomial model, governance quality.
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