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Air Pollution Problems
Presentation by Prof. Mark Jacobson at Vin University, Hanoi, December 2022

Fossil-fuel and biofuel air pollution cause ~7 million air pollution 
deaths/year worldwide, costing $30 trillion/year 

https://www.youtube.com/watch?v=_Ghh0ptXg8Q< 7M/y by air pollution 
World COVID Death Toll

COMPARE TO WORLD COVID PANDEMIC

https://www.youtube.com/watch?v=_Ghh0ptXg8Q


D. L Balk, S. V. Nghiem, B. Jones, Z. Liu, and G. Dunn, https://doi.org/10.1016/j.landurbplan.2018.07.009, 2019

Decrease in 
city center
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city center

GHSL 2D rate of change 
misrepresents urbanization

of Ho Chi Minh City
DSM 3D rate of change
captures urbanization

of Ho Chi Minh City

Urbanization in 2D versus 3D



Dense Sampling Method (DSM) 
Patent US8401793, US20100280756, WO2010127140A3
Enable global observations without gaps in time and 
space with QuikSCAT radar, 1-km grid, 2000-2009

Dynamic Atlas of Global Continuum for 4D Urban 
Observations: 3D (volume = lateral x vertical) + 1D in time



Verification - Príncipe Island

DSM checked with island



New Caledonia

Vanuatu

Fiji

Samoa

Tonga

Niue

Nukunonu Atoll

Verification - Nukunonu Atoll 
in the South Pacific

DSM checked with atoll



Validation of DSM 2D Urban Extent



Validation of DSM 2D Urban Extent

Dallas-Ft.Worth: DSM 
Backscatter contours (2000-

2009) and %ISA from 
Landsat (2001 and 2006)
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LandScan Ambient Population

Dallas-Ft.Worth: DSM Backscatter vs 
LandScan Ambient Population

Nguyen, Nghiem, and Henebry, RSE, 204, 524-533, 2018

DSM Correlation with Impervious Surface Area



Validation of DSM 3D Buildings Volume



DSM Result for 2006 vs Lidar Building Volume

DSM Result for 2000-2009: Austin Bv grew by 9.3%/decade 

Austin Buildings from Lidar Data

Mathews, Frazier, Nghiem, 
Neumann,  Zhao, IJAEOG, 
77, 100-107, 2019

R2 = 0.97268

3D Building Model Function:

Validation of DSM 3D Buildings Volume

Accuracy 0.2dB (3𝝈𝝈): 5x104m3/km2 = 5cmheight (m2)  



r2 r 𝜌𝜌 𝜏𝜏

0.76 0.86 0.90 0.73

0.97 0.99 0.99 0.91

0.69 0.83 0.86 0.67

0.81 0.90 0.93 0.78

0.97 0.98 0.97 0.87

0.84 0.92 0.93 0.77

0.98 0.99 0.98 0.91

City Lidar Year Lidar Area Pop. (2010)

Atlanta, GA 2003 79 km2 420,003

Austin, TX 2006 390 km2 720,390

Buffalo, NY 2004 342 km2 261,310

Detroit, MI 2004 347 km2 713,777

San Antonio, TX 2003 640 km2 1,327,407

Tulsa, OK 2008 1,329 km2 391,906

Washington, DC 2008 8,297 km2 601,723

r2: coefficient of determination in linear model; r: Pearson correlation
coefficient; 𝜌𝜌: Spearman rank correlation coefficient; 𝜏𝜏: Kendall rank
correlation coefficient. All correlations significant with p-values < 0.01.

Validation with seven metropolitan areas distributed across the
continental United States: Large differences among cities, located
across a variety of ecoregions and environmental conditions.

EXCELLENT VALIDATION FOR 7 CITIES IN 6 STATES and DC

Validation of DSM 3D Buildings Volume



Urbanization and Air Pollution in Beijing



Beijing Urban Extent from DSM



Beijing Building Volume Pattern



Infrastructure – Road Network

Beijing DSM with road network (grey) and Night-Light urban extent (black).

Nghiem et al., Book Chapter, Springer 2014



Beijing Urban Change and NO2

Sorichetta, Nghiem, Masetti, Linard, and Richter, Transformative Changes of Beijing in the Decade of the 2000s, 2020.

Olympic

GOME-2



Annual Growth of the Beijing Building Structure 
Extent in the Decade of the 2000s

Po
st

 O
ly

m
pi

c*

Pr
e 

O
ly

m
pi

c* O
ly

m
pi

c*

* Broudehoux, A.M., 2007. Spectacular Beijing: The Conspicuous Construction of an Olympic Metropolis, J. Urban Affairs,
29(4), 383-399.
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Sorichetta A., Nghiem S.V., Masetti M., Richter A., Linard C., Gaughan A.E., Stevens F.R., and Tatem A.J, 2014
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Beijing Urban Development 
Index (UDI) vs NO2

Sorichetta, Nghiem, and Masetti, Transformative Changes of Beijing in the Decade of the 2000s, 2020.

UDI represents both 
lateral expansion and 

vertical build-up
NO2 column = 6.5959×UDI 
+ 68.0828 with R2 = 0.821

𝝆𝝆 = 0.906
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3D Urban Building Volume from DSM 
New Advances for Urban-Climate Nested 

Physical Model to Assess Air Pollution

Decadal DSM 3D urban building volume data 
products were successfully used as input to the 
urban-climate-nested Gas-Aerosol-Transport-
Radiation-General-Circulation-Mesoscale-and-
Ocean Model (GATOR-GCMOM, developed by 
Jacobson et al.) to physically examine and 
quantitatively assess air pollution due to 

urbanization.



3D Modeling – GATOR-GCMOM
from global circulation to urban scale

• GATOR-GCMOM is used to simulate the global, regional, and urban climate and air
pollution health impacts resulting from urbanization. The goal is to investigate effects on
climate and air quality of annual changes in the extent of urbanization over regions of
mega urbanization in Asia and to compare with other regions in the 2000s.

• This model nests climate, meteorological, gas, aerosol, and radiative parameters
simultaneously from the global through urban scale. simulates meteorology and its
feedback among gases, aerosol particles, cloud hydrometeor particles, surfaces, and
radiation. Gas processes include emissions, photochemistry, gas-to-particle conversion,
gas-to-hydrometeor conversion and exchange, gas-ocean exchange, advection,
convection, molecular diffusion, turbulent diffusion, and dry deposition.

• At the land surface, each subgrid soil class is divided into vegetated and bare soil. Snow
can accumulate on both soil and vegetation. For bare and vegetated soil, the surface
energy balance equation accounts for latent heat, sensible heat, solar, thermal-IR, and
energy fluxes.

• Oceans are represented in 3-D for some calculations and 2-D for others. A 2-D time-
dependent mixed-layer ocean dynamics model driven by surface wind stress is used to
solve for mixed-layer velocities, heights, and horizontal energy transport in each cell. The
scheme conserves potential enstrophy, vorticity, energy, and mass and predicts gyres and
major currents. Air ocean exchange, vertical diffusion, 3-D ocean equilibrium chemistry
and pH are solved among the Na-Cl-Mg-Ca-K-H-O-Li-Sr-C-S-N-Br-F-B-Si-P system.



3D GATOR GCMOM – Beijing



Quantifying changes in 2000-2009

Surface Air 
Temperature

Ground 
Temperature

Soil Moisture 
Change

Albedo 
Change

Aerosol Spc. 
Extinction

Surface 
Ozone

15-m Wind 
Speed

Surface Rel. 
Humidity

3D GATOR GCMOM – Beijing



“Ring Around the Beijing”
• Increasing urban heat
• Drier soil condition
• More air stagnation
• Worse smog condition
• More ozone pollution
• More pollutant mixing 

upward 

3D GATOR GCMOM – Beijing





3D GATOR GCMOM – New Delhi

Air pollution over New Delhi
outskirt – Credit R. Schmidt

GATOR-GCMOM (Gas, Aerosol, Transport, Radiation, General Circulation, Mesoscale, and 
Ocean Model) results for New Delhi, using DSM urban change input, showed “ring effects” with 

high turbulent kinetic energy and low wind: More mixing and stagnant air, more severe air pollution. 

Using DSM for 
4D observations 
of New Delhi in 

2000-2009



Formaldehyde in the 
Troposphere over Asia

Formaldehyde (HCHO) is a gas 
pollutant and it can cause cancer.

It is a precursor of Hydoxymethane
Sulfonate (HMS) giving mass to 

particulate matters (PM) 



TROPOMI Formaldehyde – 4/2018
Severe in both Hanoi and Ho Chi Minh City



TROPOMI Formaldehyde – 8/2018
Persist in Hanoi, clear-up in Ho Chi Minh City

Worsen in China and South Korea

Topography in the DMZ

Mountain chain (photo by Nghiem)



Formaldehyde Sources



GEMS
Geostationary Environment Monitoring Spectrometer

Hanlim Lee, 2023



GEMS Total NO2 VCD

Manila

Dagupan

Hanoi

Hai Phong
Nam Dinh

Bangkok

Rayong

Saraburi

Park J.S. and Lee H., under review, Nature Geoscience



In-Situ Ambient Particulate Matter 
Monitoring for the MAIA Mission

https://maia.jpl.nasa.gov/ Multi-Angle Imager for Aerosols (MAIA)
Satellite mission to study human health and improve lives

NASA MAIA 
Mission

Study areas 
include Hanoi

https://maia.jpl.nasa.gov/


In-Situ Ambient Air Monitoring at 
the Jet Propulsion Laboratory



In-Situ Air Monitoring by JPL from 
Mountain Top over LA Basin

Stan Sander, JPL, 2023



Hourly Maps of Carbon Monoxide 
by JPL in the Los Angeles Basin

Zeng, et al., with Stan Sander, Remote Sens. Envir., doi:10.1016/j.rse.2020.112000, 2020



PM2.5 at the US Embassy in Hanoi, and 
US Consulate in Ho Chi Minh City. 

In-Situ Measurements of PM2.5 in Hanoi and
Ho Chi Minh City (Data from US Embassy) 

Tran, Chauhan, and Singh, IGARSS, 2022



Air Pollution Solutions
Renewable Energy: Off-Shore Wind Powers

DSM Wind Power Map

NREL Wind Power Classes

Hawaii wind 
working 
group

DSM Wind Power Map for Hawai’i 
Offshore Region in the Pacific 

(Nghiem and Neumann, 2011) 

Bạc Liêu Offshore Wind Farm Mapped by Sentinel-1 SAR
(Ngo, Nghiem, Lechner, and Vu, Remote Sens., 2021)

Hawai’i 

Maui
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Son.V.Nghiem@jpl.nasa.gov
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