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ABSTRACT KEYWORD
Purpose: Heat vulnerability has traditionally been assessed using physical exposure indicators and &% F24

socio-demographic characteristics. This study examines whether public perception and behavior, proxied by online gq;é ﬁ';'—jf 2H2Y

search attention, can complement conventional heat vulnerability indicators and how search attention relates to %5}5 HEEM S

temperature after accounting for country-specific seasonality. Method: A monthly panel dataset (2018~2022; 1,200
country-month observations) was constructed by merging Google Trends heatwave search interest with — Google Trends
ERAS5-based climate data from the World Bank Climate Change Knowledge Portal for 20 countries across both ~ Heat Vulnerability
. . . . . . Panel Fixed-Effects Model
hemispheres. Country-specific regressions examined cross-national heterogeneity, followed by panel fixed-effects Temperature Anomaly
models. To account for opposing seasonal cycles between hemispheres, country-by-month fixed effects were  Opline Information-Seeking Behavior
adopted as the final specification, with calendar-month fixed effects estimated for comparison. Result: Temperature
was significantly and positively associated with search interest in 14 of 20 countries. In the final model, a 1°C ACCEPTANCE INFO
increase in temperature was associated with a 2.03-point increase in search interest after controlling for humidity ~ Received Aug 11,2026
and extreme-heat-day frequency (p<.001, R’=0.623). Absolute-temperature and temperature-anomaly I inal revision received Aug. 18, 2026
. . . . . Accepted Aug. 21, 2026
specifications produced identical coefficients under country-by-month fixed effects, whereas calendar-month
models yielded smaller, less precise estimates. These findings highlight the importance of controlling for
country-specific seasonality and support Google Trends as a complementary indicator of public attention and
information-seeking behavior related to heat vulnerability.
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Table 1. Heatwave warning and risk assessment systems in Korea, the United States, and the United Kingdom

Country/agency Tier Ciriteria/description
Advisory Daily maximum apparent temperature >33°C expected to persist for >2 consecutive days
Korea Warning Daily maximum apparent temperature >35°C expected to persist for >2 consecutive days
(KMA) [3] In areas where daily maximum apparent temperature >35°C has been observed for >2 days: (D apparent

Severe warning
(2026~)

temperature >38°C expected for >1 day, or (2) maximum temperature >39°C expected for >1 day

) Heat advisory
United States

Criteria vary by local Weather Forecast Office and are generally based on locally defined temperature
and/or heat-index thresholds and duration.

(NWS) [4] Extreme heat Criteria vary by local Weather Forecast Office and generally represent more severe heat conditions than
warning those for a Heat Advisory.
United States HeatRisk A supplementary risk-assessment tool that considers how unusual the heat is for the time of year, the

(NWS) [5]

duration of daytime and nighttime heat, and the potential risk of heat-related health impacts.

United Kingdom
(Met Office) [6]

Meteorological
heatwave definition

A heatwave is identified when daily maximum temperature meets or exceeds the county-specific
threshold for >3 consecutive days; thresholds generally range from about 25°C to 28°C

United Kingdom
(UKHSA/
Met Office) [7]

Heat-health alert

Impact-based alerting system in which alert levels reflect the expected health impacts and the likelihood
of those impacts occurring, based on a joint dynamic risk assessment.
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Google Trends

Stage 1. Data Collection & Construction
Google Trends
(GT_heatwave)

@ WORLD BANK GROUP
Word Bank CCKP (ERA5)
(tas, hi35, humidity_pct)
Final Panel Dataset
20 countries x 60 months (2018-2022)
=1,200 country month observations

Simple OLS regression per country
(temperature_c, temperature_anomaly_c — GT_heatwave)

Stage 2. Analysis 1 - Country-Specific Regression

Examines cross-country heterogeneity and potential
nonlinear (threshold-like) response patterns
-8 Lk ‘ ;

Model 2 — Final Model (Adopted)
Country x Month FE + Year FE
Accounts for country-specific seasonality and seasonal
reversal across hemispheres

; “Robustness / VIF / controls” g

Model 1— Contrast Model

Stage 3. Analysis 2 - Panel Fixed-Effects Regression

Country + Calendar-month FE + Year FE
Common calendar-month seasonality across countries

Estimates the association between temperature and heatwave-related search interest
while accounting for country-specific seasonality and weather conditions

Aa R (fixed

"Explores the potential of Google Trends as a perception- and behavior-based
complementary indicator for heat vulnerability research”
Fig. 1. Research framework and analytical workflow for examining the relationship between temperature and heatwave-related search interest
Table 2. Definition and source of key variables Sy =13 =
f f key gstel Wd DAL BEAS SAST,
Variable Definition Source ﬂ ]é X]' = 94 7H 7\'" _—g—_ -ﬂ' _g_ i1 E] O]- 7] ‘(H 6_H
Monthly mean near-surface (2m) L B
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GT heatw: Heatwave-related search interest Google Trend _ o B B
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Fig. 2. Country-specific regression coefficients with 95% confidence intervals
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Fig. 3. Country-specific regression coefficients for monthly mean temperature with 95% confidence intervals
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Table 3. Summary of panel regression results: Calendar-month FE contrast models and countryxmonth FE final models

Model Temperature measure Fixed effects 'l;e()lle]?;:?:;e SE B
Contrast (no controls) Absolute temperature Country+calendar-month+year 1.167*** 0.138 0.436
Contrast (no controls) Temperature anomaly Country+calendar-month+year 2.945%** 0.516 0.355
Basic model (no controls) Temperature anomaly Countryxmonth+year 3.011%** 0.684 0.592
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(Wiﬁte;ifog O(tliial) Temperature anomaly Countryxmonth+year 2.026%** 0.496 0.623

Note: ‘Contrast’ rows refer to the calendar-month fixed-effects models discussed in Section 4.2, while ‘Basic model’ and ‘Extended model’ are the
countryxmonth fixed-effects models adopted as the final specification of this study. Models with controls additionally include hi35 and relative
humidity. Coefficients are for the temperature variable specified in each row; control-variable coefficients are reported in Section 4.3. Standard

errors are clustered by country (20 clusters); N =
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