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My LPC Days… (2001-2003)
Project Week: SOS Village, 
Ho Chi Minh City, Vietnam

These were the pre-digital camera days… Sorry I couldn’t find other LPC pictures…



‣ Mai Po Service
‣ Extended essay in Chemistry on 

heavy metal pollution
‣ IB HL Chemistry extra module: 

Environmental Chemistry

My LPC Days… (2001-2003)

‣ Playback Theater



High School Dilemma
To be a doctor?

To be a scientist / 
researcher? 

Environmental 
profession?



Boston

Massachusetts



Alaska field trip to examine impacts of oil exploration



Hawaii field trip to examine local environmental issues

My undergraduate research 
experience: 
• Two years in a microbial ecology 

lab to work on cyanobacteria 
genomics and biogeography 

• One year in an environmental 
chemistry lab to work on release of 
organic pollutants from submarine 
cables (measurement + modeling)



Harvard

Harvard

Harvard

Grand Canyon
My graduate 
research 
experience: 
• Half a year in an 

aerosol laboratory 
lab 

• Switched to a 
computational 
atmospheric 
chemistry group to 
work on how 
climate change 
affects PM2.5 air 
quality 

• In between, 
struggled between 
real-world work vs. 
“ivory-tower” 
academic research



Your calling (mission, 
purpose) is where your 
deep gladness and the 

world’s deep hunger meet. 

- Frederick Buechner
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Various Faces of Climate Change



Annual and 10-Year Average Surface Temperature

Warmest 12 years: 
(1)       2016 
(2)       2015 
(3)       2014 
(4)       2010 
(5)       2013 
(6)       2005 
(7,8)    1998, 2009 
(9)       2012 
(10,11,12) 
  2003, 2006, 2007



Typhoon Mangkhut on 16 Sep 2018

Being T10, it was the strongest typhoon to hit 
Hong Kong since Typhoon Ellen in 1983.

All pictures from SCMP



Water Pollution

Biodiversity Loss

Climate Change

Air Pollution

Public Health

Natural Disasters

Food Insecurity

Climate Change Worsens Other Environmental Problems 



‣ In developing countries, 
undernourishment rate is 18% 
(11% in China), underlying 1/3 
of disease burden.

‣ We indeed produce enough to 
feed everybody. 

Current Situation of Global Food Crisis

"Percentage population undernourished world 
map" by uploader Lobizón at en.wikipedia.org

‣ Food insecurity is 
mainly caused by 
uneven distribution 
due to income 
inequality, poverty 
and diverting 
demands for meat 
and bioenergy, and 
low productivity in 
poor countries.

Undernourishment in Laos [World Vision]

http://en.wikipedia.org


Major Reason for Global Food Crisis
Grains 

100 Calories

Feed

40 22 12 10 3

Calories produced after feeding

[National Geographic Magazine]



[National 
Geographic 
Magazine]

Major Reason for Global Food Crisis



‣ Crops are very sensitive to growing season temperature:
• 10% reduction in yield for every 1°C temperature rise

‣ Assuming no change in growing season length, crop 
production of USA will decrease by 30−82% by the end of 21st 
century.

Climate Change Threatens Crop Production

[Mishra and Cherkauer, 2010]

Deviations of summertime maximum temperature 
from 1980−2007 average in the US Midwest



Ozone Air Pollution Threatens Crop Production

[USDA]

Surface ozone air 
pollution substantially 
reduces productivity of 
natural vegetation and 
crops.



Agriculture

Climate 
change

Climate Change and Air Pollution Threaten Food Security

Surface ozone 
damages crops

Air pollution

Extreme 
temperature 
affects crops

Emissions Various air 
pollutants

Various 
greenhouse 

gases

Ozone increases 
with temperature



Global Climate Model

Physical processes, 
atmospheric and 
ocean circulation, …

Atmospheric 
Chemistry Model

Chemical 
processes, 
emissions, 
deposition, …

Land and Biogeochemistry Model

Land 
processes, 
carbon-
nitrogen cycle, 
hydrology, …

Coupled Earth System Modeling Framework
‣ Global atmospheric and Earth 

system models (CESM, GEOS-
Chem)

‣ Multivariate statistical analysis of 
global observations



Huffington 

Warming + uncontrolled ozone: 
Global crop production: −15% 
Undernourishment: +49%
Warming + ozone regulation: 
Global crop production: −9% 
Undernourishment: +27%

Climate Change and Air Pollution Threaten Food Security

2015 World 
Meteorological 

Organization (WMO) 
Research Award for 

Young Scientists[eduplus.com.hk]

http://eduplus.com.hk


Agriculture: Major Driver of Environmental Change
‣ Agriculture is responsible for 30-35% of global greenhouse gas 

emissions: CO2 (deforestation), N2O (fertilizer), CH4 (cattle)

Croplands

Pastures

‣ Croplands and 
pastures together 
cover ~40% of the 
land surface.
‣ Monoculture in 

modern industrial 
farming leads to soil 
degradation and 
increased pests and 
diseases.
‣ Fertilizer and pesticide 

use leads to air and 
water pollution.

[Foley et al. 2005]



Deforestation Worsens Air Pollution and Warming
O3, SO2, NOx ‣ Deforestation to 

make croplands 
reduces ozone 
deposition and 
uptake by plants, 
thus worsening 
ozone air 
pollution.

Deposition: absorbs 
air pollutants, e.g., O3, 
SO2, NOx

Impact of 2000-2050 land use change on O3

[Tai et al. 
2013]



Sustainability Farming Method
‣ Intercropping and crop rotation with soybean (nitrogen fixer)
‣ No-till farming and careful soil management
‣ Drip and mulched irrigation



Intercropping to Protect Food production and Air Quality

‣ Current fertilizer use efficiency in China is 
low → substantial NH3 release

‣ NH3 leakage from croplands leads to 
US$11 billion of health cost in China in 
2008 [Gu et al., 2012]

‣ We investigate whether intercropping 
(polyculture) as an alternative farming 
method can lead to simultaneous yield 
and environmental benefits (via 
reduction in NH3 emission).

Maize-soybean 
intercropping system

NH3

N2O

PM2.5 air pollution

Greenhouse gas

Fertilizer

0            2.5           5.0          7.5

US ammonium nitrate 
concentration (µg m-3)

[Park et al. 2006] 2001 



• DNDC biogeochemical model to simulate soil 
nitrogen cycle and NH3 emission reduction in an 
intercropping system (validated with Sichuan data) 

• Scale down inventory NH3 emission from maize and 
soybean in GEOS-Chem chemical transport model 

• Simulated reduction in inorganic PM2.5 → reduction 
in health cost (literature)

Save US$1.5 billion health 
cost per year

[Fung, Tai, et al., in review]

Intercropping to Protect Food production and Air Quality
Sichuan Agricultural University



Food Prices in Hong Kong Have Been Affected
‣ Food prices have been rising more than inflation, due to 

climate change in addition to other economic and political 
factors.
‣ Price of imported rice has been rising by 5% per year.
‣ Vegetable prices have risen by more than 10% (e.g., potato 

was only $0.8-1.0 about ten years ago, but now it’s $1-3)
‣ Low-income families have been severely affected.



How Can We Address the Food Crisis under Climate Change?

‣ To both reduce the impacts of 
climate change on food security and 
environmental impacts of 
agriculture:
• Ozone pollution regulation
• Breeding and selection of heat-tolerant 

and drought-tolerant crop cultivars
• Prevent deforestation and cropland 

expansion
• Sustainable farming methods, e.g., 

precision irrigation, organic fertilizer/
pesticide, crop rotation, intercropping, 
esp. in developing regions

• Adopt a mostly plant-based diet and 
reduce meat consumption

• Reduce food waste
• Reduce demand for bioenergy 

crops



Plants Help Absorb Pollutants from Air

‣ Indoor plants are 
not very effective in 
reducing outdoor 
air pollutants that 
are blown in, but 
may help reduce 
indoor pollutants 
(e.g., VOCs)

http://hk.apple.nextmedia.com/realtime/news/20170319/56414184



Interplay between Ozone, Temperature and Vegetation

Nitrogen 
oxides (NOx)

Volatile organic 
compounds (VOC)

Fossil fuel

Photochemical 
reactions

Anthropogenic 
emissions

Vegetation

Biogenic 
emissions

Dry deposition 
(absorption)

Other removal 
processes

Warming 
increases

Higher CO2 
and warming 

influence 
vegetation

Warming 
increases

Ozone



Climate change effect

Warming → biogenic VOC 
emissions ↑ → ozone ↑ under 

high NOx

Anthropogenic fossil fuel combustion: +62000 annual deaths

+5600 annual premature 
respiratory deaths

Land cover change effect

Warming and CO2 ↑ →  leaf 
density ↑ → dry deposition ↑ → 

ozone ↓

Climate and Land Cover Change Affect Ozone
1980-2010 changes in summertime surface ozone (ppbv)

−2200 annual premature 
respiratory deaths

[Fu & Tai, 
Atmos. Chem. 
Phys., 2015]



Media Coverage Gone Wrong…

‣ VOCs from plants are themselves harmless, but would only form ozone 
by reactions with NOx from vehicles. Vehicular emission control is key.

‣ In urban forestry, low-VOC-emitting trees should be used.



‣ Climate change and air pollution together affects agricultural production 
and can potentially offset efforts to meet increasing global food demand

‣ Agriculture itself is a major driver of climate change and air pollution, 
thus we need to look for sustainable solutions to global food crisis.

‣ Deforestation should be avoided due to consequences for air quality 
and climate.

‣ Careful planning in urban forestry is also needed to ensure good air 
quality and human health protection

‣ Policy makers, farmers, landscape architects and scientists concerning 
air quality, agriculture, forestry and climate change adaptation in 
various agencies need to collaborate to achieve coordinated goals.

Agriculture 
and Forestry

Air Quality

Conclusions and Implications

Climate 
Change



Take Responsibility, Make a Difference

https://www.ontario.ca/page/climate-change-strategy


