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Climate change and human health: the
critical role of anthropogenic heat in
health impact assessment
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Climate change is one of the most critical public health
challenges of the 21st century, affecting human health
through both direct and indirect pathways. While it is
well known for increasing the frequency and intensity of
natural disasters such as hurricanes, droughts, and rising
sea levels, its health impacts go far beyond these immediate
events. Increasing global temperatures lead to more
heatwaves, change the spread of disease-carrying insects,
and worsen air quality, all of which increase the risk of
cardiovascular, respiratory, and metabolic diseases. However,
many health impact assessments (HIAs) still focus on
individual weather factors like ambient temperature,
overlooking the combined effects of urbanization, energy
consumption, and social inequalities. To address this
limitation, anthropogenic heat (AH), the heat produced
by human activities, has gained attention as a valuable
indicator. It helps capture the complex links between climate,
infrastructure, human behavior, and health outcomes.

Unlike ambient temperature alone, AH measures the
heat produced by human activities such as industrial
processes, buildings, transportation, and even human
metabolism. This makes it a more comprehensive indicator
of energy use and urban structure. AH is closely linked
to the intensity of urban heat islands (UHIs), which are
known to increase heat-related illnesses, energy poverty
(due to higher air conditioning use), and even crime during
extreme heat events. Additionally, the spatial distribution
of AH highlights important environmental justice issues,
as marginalized communities often face higher exposure
because of limited access to green spaces and inadequate
infrastructure. Including AH in environmental health risk
assessments offers a valuable tool for better understanding
and addressing the complex and unequal effects of
climate change.

AH is typically estimated using an inventory-based
method, where fuel consumption data from various
sectors are assigned to specific administrative regions
and combined with satellite-based nighttime light data
(e.g., VIIRS) to generate high-resolution (500 m) heat maps"..
Studies show that AH not only amplifies urban heatisland
(UHI) effects but also interacts with greenhouse gas emissions
and air pollutants, further enhancing regional warming*™”".
These results highlight AH as a vital factorin climate-health
modeling, with important implications for urban planning,
energy efficiency, and public health policies. Numerous
population-based studies conducted by international
researchers have increasingly examined the health impacts of
AH. For example, in Northeast China, a 10 W/m?2increase in AH
was associated with a 5.82% higher risk of childhood adiposity .
Likewise, a one-standard-deviation rise in AH exposure was
linked to greater odds of sleep disorders (OR = 1.90 ), asthma
(OR =1.15"%), and ADHD (OR = 3.60 **) among children.
In adults, moving from the 25th to the 75th percentile of
AH exposure correlated with a 0.23 mmol/Lincrease in total
cholesterol and an 8% higher risk of dyslipidemia **. The
same exposure range was also associated with increased
odds of hypertension (OR = 1.17 **') and metabolic syndrome
(OR=1.29")), These relationships suggest that thermoregulatory
stress, systemic inflammation, and sleep-related endocrine
disruption may be central pathways through which AH
affects health outcomes.

AH goes beyond traditional climate indicators by
emphasizing human-made sources of warming and their
immediate health impacts. Including AH in HIAs provides a
practical pathway toward precision public health, helping
toidentify vulnerable groups, evaluate policy co-benefits,
and reduce health disparities. In the era of the Anthropocene,
ignoring AH risks continues existing cycles of environmental
and health vulnerability. Conversely, recognizing AH as a key
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metriccan support the creation of more resilient, health-focused
urban environments.

References

(1

(2]

(3]

[4]

(5]

(6]

(7]

Chen S, Hu D. Parameterizing anthropogenic heat flux with an
energy-consumption inventory and multi-source remote sensing
data. Remote Sens. 2017, 9:1165. DOI: 10.3390/rs9111165
Baniata H, Mahmood S, Kertesz A. Assessing anthropogenic heat
flux of public cloud data centers: current and future trends. Peer/
Comput. Sci. 2021, 7:€478. DOI: 10.7717/peerj-cs.478

Fan H, Sailor D. Modeling the impacts of anthropogenic heating on
the urban climate of Philadelphia: a comparison of implementations
in two PBL schemes. Atmos. Environ. 2005, 39:73—-84. DOI: 10.
1016/j.atmosenv.2004.09.031

Ma S, Pitman A, Hart M, Evans JP, Haghdadi N, et al. The impact
of an urban canopy and anthropogenic heat fluxes on Sydney’s
climate. Int. J. Climatol. 2017, 37:255-270. DOI: 10.1002/joc.5001
Pal S, Xueref-Remy I, Ammoura L, Chazette P, Gibert F, et al.
Spatio-temporal variability of the atmospheric boundary layer
depth over the Paris agglomeration: an assessment of the impact
of the urban heat island intensity. Atmos. Environ. 2012, 63:261-275.
DOI: 10.1016/j.atmosenv.2012.09.046

Ryu YH, Baik JJ, Lee SH. Effects of anthropogenic heat on ozone
air quality in a megacity. Atmos. Environ. 2013, 80:20-30. DOI:
10.1016/j.atmosenv.2013.07.053

Wang S, Hu D, Chen S, Yu C. A partition modeling for anthropo-
genic heat flux mapping in China. Remote Sens. 2019, 11:1132.
DOI: 10.3390/rs11091132

(8]

(9]

[10]

[11]

[12]

[13]

Zhang H, Wang D, Wu S, Huang G, Chen D, et al. The association
between childhood adiposity in northeast China and anthropo-
genic heat flux: a new insight into the comprehensive impact of
human activities. Int. J. Hyg. Environ. Health 2023, 254:114258.
DOI: 10.1016/}.ijheh.2023.114258

Zhu S, YuT, Dong P, Qian A, Boyd R, et al. Is there an association
between anthropogenic heat flux and sleep problems among
children? Findings from a multicity study in China. Int. J. Environ.
Health Res. 2025, 1-10. DOI: 10.1080/09603123.2025.2492364
Shan F, Liu X, Sun M, Qian Z, Vaughn MG, et al. Association of
anthropogenic heat with asthma and related symptoms among
children in China: a novel index reflecting climate change. Sustain.
Cities Soc. 2024, 116:105913. DOI: 10.1016/j.5¢s.2024.105913
Yu C, Hu D, Wang S, Chen S, Wang Y. Estimation of anthropogenic
heat fluxand its coupling analysis with urban building characteristics:
a case study of typical cities in the Yangtze River Delta, China. Sci.
Total Environ. 2021, 774:145805. DOI: 10.1016/j.scitotenv.2021.145805
Cong J, Zhang H, Sun M, Qian Z, McMillin SE, et al. Associations
between anthropogenic heat emissions and serum lipids among
adults in northeastern China. Int. J. Environ. Health Res. 2025,
35(9):2667—-2682. DOI: 10.1080/09603123.2025.2454363
LinL, SuF, Fang Q, HoH, Zhou Y, et al. The association between
anthropogenic heat and adult hypertension in Northeast China.
Sci, Total Environ. 2022, 815:152926. DOI: 10.1016/j.sdtotenv.2022.152926

[14] Cong J, Wang L, Liu F, Qian Z, McMillin SE, et al. Associations

between metabolic syndrome and anthropogenic heat emissions
in northeastern China. Environ. Res. 2022, 204:111974. DOI:
10.1016/j.envres.2021.11197

Dong G. Int. J. Environ. Epidemiol. 2026(2):0010

International Journal of Environmental Epidemiology mss—————


https://www.mdpi.com/2072-4292/9/11/1165
https://peerj.com/articles/cs-478/
https://www.sciencedirect.com/science/article/abs/pii/S1352231004008866
https://www.sciencedirect.com/science/article/abs/pii/S1352231004008866
https://rmets.onlinelibrary.wiley.com/doi/10.1002/joc.5001
https://www.sciencedirect.com/science/article/abs/pii/S135223101200917X
https://www.sciencedirect.com/science/article/abs/pii/S1352231013005840
https://www.sciencedirect.com/science/article/abs/pii/S1352231013005840
https://www.mdpi.com/2072-4292/11/9/1132
https://www.sciencedirect.com/science/article/abs/pii/S1438463923001499
https://www.tandfonline.com/doi/full/10.1080/09603123.2025.2492364
https://www.sciencedirect.com/science/article/abs/pii/S2210670724007376
https://www.sciencedirect.com/science/article/abs/pii/S004896972100872X
https://www.tandfonline.com/doi/abs/10.1080/09603123.2025.2454363
https://www.sciencedirect.com/science/article/abs/pii/S0048969722000158
https://www.sciencedirect.com/science/article/abs/pii/S001393512101269X
https://www.sciencedirect.com/science/article/abs/pii/S001393512101269X

	References

