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Economic Losses: Heat Stress on Labor Productivity
Global Econ om ic Im pact by 20 30

• Equivalent to 80 million full - time 
jobs lost globally (ILO)

• US$2.4 trillion in economic losses 
from labor productivity decline 
(ILO)

• Direct health damage costs: 
US$2–4 billion/year by 2030 
(WHO)

• Total climate -health cost: US$2.52 
trillion/year by 2030 (The Lancet)

• Most affected sectors: agriculture 
and construction —low -pay, 
informal workers

Source: ILO (2019), WHO, The Lancet (2024)

Mean Working Hours Lost (%)



Air Pollution & Extreme Heat: 
Am on g th e W orld 's  Top Killers

State of Global Air  20 24 ReportAccording to the State of Global Air 2024 report, air pollution 
ranks as the 2nd leading cause of death globally , responsible for 
over 8 million deaths annually. Extreme weather events driven 
by climate change —including deadly heat waves —rank 10th.

These two risk factors do not operate 
independently. When heat and pollution co -
occur, health outcomes worsen dramatically.

Rank #2 —Air 
Pollution

8+ million deaths/year from 
PM2.5, ozone, and household 
air pollution

Rank #10 —Extreme 
Weather

Climate -driven heat events 
increasingly overlap with 
pollution episodes



Southeast Asia: A Region at 
D ispropor tion ate Risk

80 %+ U rban  Areas  a t 
Risk

Over 80% of Southeast Asian 
urban areas are classified as 
high - risk for heat stress 
health impacts. (WHO)

Extreme Heat Days 
Surging

From 1 day/year (2000) → 20 
days/year (20 50 ) → 60 
days/year (210 0 ) under 
SSP5-8 .5 scena rio . (PMC, 
2025)

Morta lity to Multiply

Hea t - re la t ed  m ort a lit y p ro ject ed  t o  increa se  2.5–5.5× by 20 70 –
20 99 vs . 1980 –20 0 9 ba se line . (PMC, 2025)



Heat ×Air  P ollu tion : Syn ergis tic H ealth  Risk s

Mech an ism s of In teraction

O zon e Form ation

High temperatures accelerate photochemical 
reactions, increasing ground - level O₃

P M2.5 Accum ulation

Hea t wa ves ca use  a t m osph eric s t a gna t ion  a nd  
in t ensify wild fires , ra is ing  PM2.5 a nd  ha ze

P h ys iological Vu ln erability

Hea t  s t ress  wea kens ca rd iova scula r a nd  resp ira t o ry 
resilience , increa sing  suscep t ib ilit y t o  po llut ed  a ir

Key Biological P ath ways

• Increa sed  oxida t ive  st ress a nd  
syst em ic in fla m m a t ion

• Eleva t ed  resp ira t o ry burden  during  
ha ze  even t s

• Ca rd iova scula r st ra in  com pounded 
by hea t  exposure

• Reduced  t he rm oregula t ion  in  
e lde rly popula t ions

• Enha nced  ozone  t oxicit y under ho t , 
sunny condit ions

Com bined  h ea t  + po llut ion  exposure  crea t es  risks  
exceeding the sum of either stressor alone



Case Study: Japan 
P M2.5 & O zon e Am plify H eat Morta lity

Study O verview

Tajudin et al. (2024) —Environmental Health and Preventive 
Medicine
DOI: 10.1265/ehpm.24 -00108

• 20 urban areas across Japan, 2012 –2018
• Stratified analysis by high vs. low PM2.5 and high vs. low 

ozone
• Outcome: all - cause daily mortality

Key finding: High ozone concentrations significantly 
amplified heat - related mortality risk , particularly during 
summer heat events in Japanese cities.

Main Conclusions

The temperature –mortality relationship was substantially 
steeper under high air pollution conditions .
Ozone showed stronger effect modification than PM2.5, 
suggesting photochemical pollutants are especially dangerous 
during heat waves.

Urban areas with persistent high -pollution episodes face 
disproportionately elevated mortality during heatwaves.

Tajudin, M. A. B. A., et al. (2024). The effect modification of PM2.5 and ozone on the short-term associations between temperature and mortality across the urban areas of Japan.



Case Study Th ailan d: 
Morta lity Risk  U n der  Com bin ed Exposure
Study Des ign  & Con tex t

This nationwide Thai study examined how co-exposure to 
ambient air pollution and temperature extremes affects daily 
mortality across major provinces.

• Population - level epidemiological design
• Pollutants assessed: PM2.5, PM10, NO ₂, O₃
• Bot h  co ld  a nd  hea t  ext rem es eva lua t ed
• Dist ribut ed  la g  non- linea r m odels (DLNM) a pp lied

Tha ila nd ' s  t rop ica l clim a t e  a nd  ra p id  urba n iza t ion  m a ke  
it  a  h igh- risk  environm ent  where  hea t  a nd  po llut ion  
pea ks frequen t ly co incide .

H eat Ex trem es

Eleva t ed  m ort a lit y, 
a m plified  when  PM2.5 
sim ult a neously exceeds 
sa fe  t h resho lds

Respira tory Death s

Disproport iona t e ly h igher 
under com bined  hea t  + 
po llut ion  ep isodes

Cardiovascu lar  Death s

Synerg ist ic e ffect  m ost  p ronounced  fo r ca rd ia c ca uses o f 
dea t h

Phosri, A., Srisodaphol, W. and Sangkharat, K. (2025) ‘Combined effects of 
ambient air pollution and temperature on mortality in Thailand’



Epidemiological Evidence: Heat –P ollu tion  In teraction

Study Location Pollutants Key Finding

Liu et al. (2023) 620 cities, 36 
countries

PM10, PM2.5, NO2, 
O3

Heat mortality risk: 5.3% (PM10=10 μg/ m ³ ) →
12.8% (PM10 =90  μg/ m ³ ); O3 a m plifies t o  12.5%

Ta jud in  e t  a l. (20 24) Ja pa n  (urba n) PM2.5, O3 High  ozone  sign ifica n t ly in t ensified  hea t -
re la t ed  m ort a lit y risk

Scort ich in i e t  a l. (20 18) It a ly (25 cit ies) PM10 , O3 Hea t  e ffect s on  m ort a lit y st ronger during  h igh -
ozone  da ys

Ra i e t  a l. (20 23) Mult i- coun t ry (482 
cit ies)

PM2.5, O3 Air po llu t ion  a m plified  ca rd io resp ira t o ry 
m ort a lit y under hea t

Na ka i e t  a l. (1999) Tokyo , 1980 –1995 O3, NO2 Tem pera t ure  a nd  ozone  bo t h  independen t  risk 
fa ct o rs fo r hea t st roke

Com bined  hea t  + h igh -po llu t ion  exposure  consist en t ly exceeds t he  m ort a lit y risk o f e it her st resso r a lone  —a  synergist ic, no t  m ere ly 
a dd it ive , e ffect .



PRIORITY RECOMMENDATION

Establish Integrated (Heat Stress and 
Air Quality) Early Warning Systems

Issue joint alerts across Southeast Asian cities when both  Heat and PM2.5/ozone 
thresholds are exceeded simultaneously —enabling timely public health 
responses.

Embed Health in Adaptation 
Plans

Integrate health outcomes into 
national climate adaptation 
strategies to address heat and 
pollution together.

Reduce Emissions
Simultaneously lower heat island 
effects and air pollution burdens 
through coordinated emission 
controls.

Regional Cooperation
Foster cross -border collaboration for transboundary haze and shared early 
warning data. (WHO; IPCC AR6)



Contribution to the Sub-Mek on g Region
U tilization  of In tegra ted (H ea t Stress  an d Air  Q uality) Early W arn in g Sys tem  Resu lts

Forecas t
Heat Stress and air 

pollution alerts

Activation
Authorities enact 
bans and closures

Advisories
Public receives health 
guidance and actions

Feedback
Outcomes inform emissions 

controls and policy

Protect vulnerable populations during forecast high -pollution episodes.

The early warning system enables a coordinated response chain —from forecast issuance to on - the -ground protective action —
targeting open burning, traffic emissions, and public health preparedness across Mekong sub - region countries.

Burn Bans & Fire Control
Preemptive restrictions on agricultural burning when forecast 
thresholds are breached.

School & Outdoor Activity Closures

Health Advisories
Targeted guidance for hospitals, elderly care centers, and at - risk communities.

Policy & Emission Controls
Real- time data feeds regulatory response and long - term mitigation planning.



Tentative Framework of Heat & Air Quality Early Warning Sys tem

Weather 
forecasting 

AQ monitoring 
and other 

observation 
(ground & satellite)

Emission 
inventory

(incl. from satellite 
data of hot spot of 

open burning )

Chemical 
Transport 

Model

【Region】 Sub-Mekong Region
【Period】 ５Days or 1 week forecast (TBC)
【Targets】 (Air quality)    PM2.5, PM2.5 emitted from open burning, O3

(Meteorology) Temperature, humidity etc.
(Index)           Air quality, heat stress and integrated index   

Convert into 
Mitigation/adaptation 

Measures

Pollution Causers 

Policy Makers

General Public

Empirical/ 
Statistical 

Forecasting

Regional 
meteorological 

model
Model-bias 
correction

with AI

Integrated 
index 

converter

Forecasting & Warning: 
Integrated index map 
and regional warning level





Heat Stress & Air Quality Index

Temp / 
PM2.5

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41

0–15

15–25

25–35

35–50

50–75

75–100

100–150

150–200

200–250

≥250

This matrix is intended for illustrative purposes only . 
 P M2.5 con cen tra tion s  a re based on  th e W H O  a ir  qua lity gu idelin es , 
W h ile tem pera tu re class ifica tion s  a re adapted from  th e H eat In dex  publish ed 

by th e Govern m en t of Th a ilan d.



Recommendations for Action

1

In tegra ted Early W arn in g Sys tem s

Establish integrated (heat -and-air-quality) early 
warning systems across Southeast Asian cities —
issuing joint alerts when both temperature and 
PM2.5/ozone thresholds are exceeded simultaneously. 

3

Occupational Heat & Pollution Protection

Enforce mandatory rest breaks, hydration access, and 
adjusted schedules for outdoor workers in agriculture 
and construction during compound heat -pollution 
events. 

2

Integrated Climate & Air Quality Policy

Embed health outcomes into national climate adaptation 
plans; reduce emissions to simultaneously lower heat 
and pollution burdens. Foster regional cross -border 
cooperation. 

Air 
Pollution

Heat 
Stress

Local
National＋

In s titu tion a l 
Fram ework

Regional
Government

Actions



ASEAN ALIGNMENT

Contribution to the Whole ASEAN Region
This project directly supports the Second ASEAN Haze-Free Roadmap 
(2023–2030) , advancing key strategies through integrated early 
warning and regional cooperation —with the Mekong sub - region as 
the strategic entry point.

1
Strategy 2: Subregional Strategies
Developing and implementing targeted subregional air quality management approaches 
for the Mekong countries.

2
Strategy 3: Land & Forest Fire Management
Developing and improving early warning capacities and fire detection systems to address 
agricultural land and forest fires.

3
Strategy 6: National Policy Strengthening
Further developing IEC tools —including hotlines, fire reporting websites, and compliance 
reward schemes for the private sector.

4
Strategy 8: Public Awareness
Intensifying awareness - raising and information dissemination activities across member 
states using AQEWS outputs.

5
Meeting WHO Interim Targets 3
Success is measured by achieving national PM2.5 air quality targets aligned with the World 
Health Organization’s strict Interim Targets 3.
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