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The Greater Bay Area, China
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Urbanization

• The urban coverage in the region increased by 136% between 
1990 and 2010.
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Red: urban areas Source: Wang et al. (2019)

1990 2010



Climate change
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The Lancet Report



Outline

• Effects of urbanization and climate change on

–Regional climate and heat stress

–Mosquito population and health risk implications

–Air quality and resultant health impacts
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Heatwave

6

The total number of 
excess deaths in 2005 
was 145 with an 
average of 12 deaths 
per day.



Climate impacts on human health

• Exposure to rapid rises in heat gain can result in a cascade of 
illnesses, including heat cramps, heatstroke, and hyperthermia.

• Temperature extremes can also worsen chronic conditions, 
including cardiovascular, respiratory, and cerebrovascular 
disease and diabetes-related conditions.
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Climate impacts on human health
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“Additional warming from 1.5 °C to 2 °C will lead to more than 
27.9 thousand additional heat-related deaths, annually.”



Impacts of urbanization on regional climate

9

Δ temperature at
2m above ground

Annual [0.62 K (0.24–1.00 K)]
Spring [0.53 K (0.17–0.89 K)]

Summer [0.73 K (0.36–1.10 K)] 
Autumn [0.70 K (0.25–1.15 K)]
Winter [0.49 K (0.00–0.99 K)]

Rural Urban

Temporal variations
=> extreme situation

Wang Y., Chan A., Lau N.C., Li Q., Yang Y., Yim S.H.L. (2019). Effects of urbanization and global climate change on regional climate in the 
Pearl River Delta and thermal comfort implications. International Journal of Climatology, 39, 2984-2997.



Impacts of urbanization on heat stress

• The frequency at which the 
ambient temperature exceeds

– 28.2°C (HK) (Chan et al., 2012): 5.3%

– 26.4°C (GD) (Yang et al., 2012) : 5.9%

• The changes in WBGT and HKHI 
are marginal (<1%).

– Offset by lower relative humidity.
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Source: USEPA 
(http://www.epa.gov/hiri/resources/pdf/BasicsCompendium.pdf)

Wang Y., Chan A., Lau N.C., Li Q., Yang Y., Yim S.H.L. (2019). Effects of urbanization and global climate change on regional climate in the 
Pearl River Delta and thermal comfort implications. International Journal of Climatology, 39, 2984-2997.

http://www.epa.gov/hiri/resources/pdf/BasicsCompendium.pdf


Impacts of climate change on heat stress

• Our model projection for 2030 showed that the regional 
averaged T2 in the Greater Bay Area will increase by 0.21 K.

• The frequency of extreme heat stress will increase to 8-15%
under various future emission scenarios.

• These results emphasize the substantial effect of climate 
change on heat stress.
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Wang Y., Chan A., Lau N.C., Li Q., Yang Y., Yim S.H.L. (2019). Effects of urbanization and global climate change on regional climate in the 
Pearl River Delta and thermal comfort implications. International Journal of Climatology, 39, 2984-2997.



Mosquito-borne diseases

• Mosquito-borne diseases significantly 
impact world health, accounting for 
approximately 17% of the global 
burden of infectious disease (Townson 
et al. 2005).

– the 2015 outbreak of Zika virus in Brazil 
(Guo et al. 2016) and

– ~430 thousand reported deaths due to 
malaria in 2015 (WHO 2014)
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Source: 
https://www.theguardian.com/world/2017/may/12/b
razil-announces-end-to-zika-public-health-emergency

12/5/2017

Source: 
https://i.dailymail.co.uk/i/pix/2016/02/06/10/30CA27
E400000578-3434740-image-a-3_1454754598752.jpg

https://www.theguardian.com/world/2017/may/12/brazil-announces-end-to-zika-public-health-emergency
https://i.dailymail.co.uk/i/pix/2016/02/06/10/30CA27E400000578-3434740-image-a-3_1454754598752.jpg


Mosquito-borne diseases
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Source: South China Morning Post 
(https://www.scmp.com/news/hong-kong/health-
environment/article/2160887/dengue-fever-scare-hits-hong-
kong-how-can-you-best)

23/8/2018

8/1/2020

Source: https://gulfnews.com/uae/massive-
surge-of-mosquitoes-are-back-in-dubai-
bugging-residents-1.1578482403748

https://www.scmp.com/news/hong-kong/health-environment/article/2160887/dengue-fever-scare-hits-hong-kong-how-can-you-best
https://gulfnews.com/uae/massive-surge-of-mosquitoes-are-back-in-dubai-bugging-residents-1.1578482403748


Mosquito-borne diseases

• WHO has reported that diseases, such as malaria, Zika, 
dengue, chikungunya and yellow fever, are being reported for 
the first time in locations across the world (World Health 
Organization 2014).
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Logan et al. (2020), 
Evaluation



Mosquito-borne diseases in Macau

15Source: https://macaudailytimes.com.mo/health-ssm-data-shows-dengue-outbreak-risk-rising.html

https://macaudailytimes.com.mo/health-ssm-data-shows-dengue-outbreak-risk-rising.html


Impacts of changes in climate on mosquito dynamics
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Land cover 
changes

Climate 
changes

Wang Y., Yim S.H.L., Yang Y., Morin C.W. (2019). The effect of urbanization and climate change on the mosquito population in the Pearl 
River Delta region of China. International Journal of Biometeorology, accepted for publication.



Culex (Cx.) quinquefasciatus (致倦庫蚊)

• the southern house mosquito, 
is an epidemiological important 
vector for several arboviruses 
(Bartholomay et al. 2010), 
including West Nile virus 
(WNV), St. Louis encephalitis 
virus, and Western equine 
encephalitis
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Source: 
https://www.fehd.gov.hk/english/pestcontro
l/images2/mos_culex_fatigans_adult.jpg

Wang Y., Yim S.H.L., Yang Y., Morin C.W. (2019). The effect of urbanization and climate change on the mosquito population in the Pearl 
River Delta region of China. International Journal of Biometeorology, accepted for publication.

https://www.fehd.gov.hk/english/pestcontrol/images2/mos_culex_fatigans_adult.jpg


Current mosquito population in the Greater Bay Area
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Logan et al. (2020), 
Evaluation

Wang Y., Yim S.H.L., Yang Y., Morin C.W. (2019). The effect of urbanization and climate change on the mosquito population in the Pearl 
River Delta region of China. International Journal of Biometeorology, accepted for publication.



Impacts of urbanization on mosquito population
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Existing urban areas New urban areas

12.6%5.9%

Wang Y., Yim S.H.L., Yang Y., Morin C.W. (2019). The effect of urbanization and climate change on the mosquito population in the Pearl 
River Delta region of China. International Journal of Biometeorology, accepted for publication.



Impacts of climate change on mosquito population

• The projections under future 
climate scenarios show that the 
annual Cx. quinquefasciatus
population was projected to 
decrease by 15-17% but vary by 
season.

• The changes in the two peak 
periods will be insignificant. 

• Some of the non-peak months 
show a significant increase.
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Wang Y., Yim S.H.L., Yang Y., Morin C.W. (2019). The effect of urbanization and climate change on the mosquito population in the Pearl 
River Delta region of China. International Journal of Biometeorology, accepted for publication.



Impacts of climate change on mosquito population
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Wang Y., Yim S.H.L., Yang Y., Morin C.W. (2019). The effect of urbanization and climate change on the mosquito population in the Pearl 
River Delta region of China. International Journal of Biometeorology, accepted for publication.



Impacts of changes in mosquito population on health
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Pfeffer & Dobler (2010) 
Parasites & Vectors



Air pollution

• According to WHO, 4.2 million premature deaths globally are 
linked to ambient air pollution.

• Worldwide ambient air pollution accounts for:
– 29% of all deaths and disease from lung cancer

– 17% of all deaths and disease from acute lower respiratory infection

– 24% of all deaths from stroke

– 25% of all deaths and disease from ischaemic heart disease

– 43% of all deaths and disease from chronic obstructive pulmonary 
disease
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Fine Particulate Matter (PM2.5)

24
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Source: World Health Organization (http://apps.who.int/gho/data/view.main.AMBIENTCITY2016?lang=en)

Zabol, Iran (217)

http://apps.who.int/gho/data/view.main.AMBIENTCITY2016?lang=en


Air pollutant examples: fine particulate matter (PM2.5)
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• Health effect:
• respiratory and cardiovascular morbidity, such as 

aggravation of asthma, respiratory symptoms and an 
increase in hospital admissions;

• mortality from cardiovascular and respiratory 
diseases and from lung cancer

• All-cause daily mortality is estimated to increase by 0.2–
0.6% per 10 µg/m3 of PM10 (Samoli et al., EHP, 2008).

• Long-term exposure to PM2.5 is associated with an 
increase in the long-term risk of cardiopulmonary 
mortality by 6–13% per 10 µg/m3 of PM2.5 (Beelen et al., 
EHP, 2008). 



Air pollutant examples: ozone (O3)

• Ozone has the greatest impact on 
the respiratory system, where it 
irritates the mucous membranes 
of the nose, throat and airways.

• Symptoms: cough, chest pain, and 
throat and eye irritation. Ozone 
can also increase susceptibility to 
respiratory infection.

• Acute adverse effects may impair 
normal functioning of the lungs 
and induce respiratory 
inflammation.

26

Source: Houston Clean Air Network



Effect of urbanization on ozone

27
Yim S.H.L., Wang M.Y., Gu Y., Yang Y., Dong G.H., Li Q. (2019). Effect of Urbanization on Ozone and Resultant Health Effects in the Pearl 
River Delta Region of China. Journal of Geophysical Research: Atmospheres, 124, 11568-11579.

O3 increases ~7 ppb

Changes in ozone (O3) Changes in temperature at 2m



Impact of increased ozone on human health

• Ozone pollution caused ~4,000 premature mortalities every 
year.

• Urbanization led to an increase in O3, increasing 39.6% 
premature mortality due to O3-exposure that was translated to 
~1,100 deaths.

28
Yim S.H.L., Wang M.Y., Gu Y., Yang Y., Dong G.H., Li Q. (2019). Effect of Urbanization on Ozone and Resultant Health Effects in the Pearl 
River Delta Region of China. Journal of Geophysical Research: Atmospheres, 124, 11568-11579.



Effect of urbanization on ozone

• Urban O3 sensitivity to NOx emissions

• Urban O3 sensitivity to VOC emissions
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Heat stress

Temperature

Ozone

Ozone-induced 
health impacts

VOC emissions

Trade-off

New concept: Precision Environmental Management



Sustainable development in the Greater Bay Area
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Thank You

Steve H.L. Yim
• Office location: FYB236, CUHK, Shatin, NT, HK.
• Telephone: 3943 6534
• Email: steveyim@cuhk.edu.hk
• Website: 

http://www.grm.cuhk.edu.hk/eng/people/ppl/fac_YimSteve.html
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