
Chapter 3

Measurements and Modeling of 
Air Pollution
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Quiz

1. Causes of slowdown and resumption of CH4 growth

2. Project the future changes in biomass burning 
emissions under human influences and climate change

3. Given the wind fields and NO2 columns, estimate the 
lifetime of NOx

4. Given CO and/or NOx emissions, estimate emissions of 
other species such as CO2 and N2O

5. Causes of horizontal distribution in sulfur emissions 
from oceans

6. Why does deposition of N and S resemble their 
emissions
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Measurements of Chemical Constituents

Studies of Earth system, including AQ, are based on measurements & modeling

Å Ground, sounding, airborne, space borne

Å Concentration, remote sensing

Å Total, speciated

Å Long-term, campaign

ü Gaseous pollutants: Ozone, NOx, NMVOC, CO, NH3, SO2

ü Aerosols: PM10, PM2.5, components, sizes, morphology, optical properties

ü Radicals: OH, HO2, RO2, RO

ü GHG Gases: CO2, CH4, N2O
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Ground Measurement Networks
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# of ground sites = 1420

Yan et al., ACP, 2016



Measured Global CH4 Growth
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Turner et al., 2019, PNAS

Fletcher et al., 2019, Science



Global Measurements of Ozone from TOAR Project
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Daytime (8-20 h LT) Mean O3 in July 2000-2014

Schultz et al., 2017, Elementa



Air Quality Monitoring Network in the U.S.
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ü Lots of pollutants: ozone, NO2, SO2, CO, PM2.5, PM components, etc.

ü 800+ sites since 1990; currently more than 4000 sites

Fiore et al., 2002, JGR

Yan et al., 2018, ACP

For more info: 
https://www.ep
a.gov/outdoor-
air-quality-
data/interactive-
map-air-quality-
monitors



Air Quality Monitoring Network in China
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Exc.    Good    S.P.    M.P.    H.P.    E.P.

https://www.aqistudy.cn/http://www.cnemc.cn/

üBefore 2013: API, PM10, NO2, SO2. Regular measurements are 
available in 86 cities

üSince 2013: AQI, PM2.5, PM10, O3, NO2, SO2, CO.  Over 300+ 
cities, 1500+ sites, mostly in urban/suburban locations



Surface Measurements: The Chinese Case
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AQI for PM2.5
In effect since 2013

API for PM10
Prior to 2013
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♩ᶪ ₭  ֜ αGB 3095 -2012 βӡᾂᴄ
3.14ɒ‰֝ꜛỗ standard state Ὕ□ẙѭ273 Kιᴙדѭ101.325 kPaῊ￼ꜛỗ  ‰֝ѧ￼∕…ⱶ╟ẙᶎ
ѭ‰֝ꜛỗї￼╟ẙɓӢᾡѭχɒᴠ⅝ꜛỗ reference state Ὕᶽ↔□ẙѭ298.15 Kιᶽ↔ᴙדѭ1013.25 
hPaῊ￼ꜛỗ  ‰֝ѧ￼҇ ק ҇ ק ק ⱶק ↔ỗ∕…ⱶ╟ẙѭᴠ⅝ꜛỗ
ї￼╟ẙ ⱶε Ểṇ҈ ҈10 Ƥpζ ⱶε Ểṇ҈ ҈2.5 Ƥpζ ỞỪ╢ ⱶᴣԎ ֫
Ẋ[a] ╟ẙѭ ╜Ὴᶽ↔□ẙᵙᴙדї￼╟ẙɓ

‰֝Ӣᾡᴅ 2018ẉ9ῴ1ῄ ḫᾼ



Ozone Pollution over China: Global Perspective

10Lu et al., 2018, ESTL

AVGMDA8 for AprilςSeptember, 2013ς2017



Surface PM2.5 Measurements in China
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ᾥ ̆2014



Speciated PM Measurements in China
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Fang et al., 2009



Speciated PM Measurements in China

13Ren F.-X. et al., GMD, 2023
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ZhaozeDeng

GuiqianTang

Pictures taken in Lhasa in August 2020
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WOUDC Ozonesonde Network
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https://woudc.org/data/dataset_info.php?id=ozonesonde



WOUDC Ozonesonde Data for Model Evaluation (2008)

16Ni, R.-J., 2018, ACP



Aircraft Measurements: MOZAIC/IAGOS, CARIBIC 
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http://iagos.sedoo.fr/

Petzoldet al., 2012



MOZAIC Ozone Data for Model Evaluation (2000-2005)
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Ni, R.-J., 2018, ACP
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AERONET for Aerosol Optical Properties
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üAutomatic sun-tracking photometer (CIMEL 318)

üGlobally consistent algorithm, including cloud screening

üFew sites in China with multi-year measurements (Beijing IAP, 
Xianghe, Taihu, SACOL, Hong Kong PolyU)

NASA HuizhengChe
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ЃAERONETɻCARSNETɻCSHNETɻSONET Є
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Ҳ Ṣ ӫ 2020

└ AOD

CARSNET

CERN is part of CSHNET

SONET



AERONET for Data Evaluation
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AERONET
Inferred

Beijing

Xianghe

2005ς2012 monthly time series at 550 nm

Lin et al., 2014, 2016, AE
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Visibility Measurements

Manual Automatic

Source: Baidu

Visibility = Coefficient / Extinction_efficiency

üUsed traditionally as a meteorological indicator, but can 
also be employed to study (long-term) PM pollution



Surface Meteorological Measurement Stations

24Source: WorldClim

Also for visibility measurements



AOD Inferred from Visibility Measurements
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2005ς2012 mean AOD at 550 nm for days with valid MODIS data



Instrument for Aerosol -Turbulence -Optical Interaction
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Á ᶉᶡ▌Ӿ σ₀ ᾤ ᴦ ᶁḱṯẤ ᶞש ᶼ₭▌Ӿײַ ≡ εḄ₀∞EARLINETε ᶁMPLNETε

ᾤ῞AD-NETτѦᶁѻṯֳ₉Ấở▌Ӿ ≡

Á ᾯ ▌Ӿ σ ᶁNASAᾨᶇ2006ẈᴎᴦṂCALIPSOӬ ᶼ₭▌Ӿ ᴋᾯε₀∞ᴎṃᴦṂ▌Ӿ ᴋᾯ

αALADINβτ2022εѦᶁᴦṂԄⱢ Ὠ Ӿ ֪ ♆▌Ӿ ᴋᾯαACDLβ

▌Ӿ σὒ≡▌Ӿј₭ ₭Ӌ֪ḑ ḑּ҉גӏⱴַײᵺ↓Ӡᴹαẵẘ Ӭ ӾḘ ♆β
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FS MAX-DOAS ⅎ
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ᶹҪ ᵂ₉ ≡ᴧҥ⸗ῡ ẐỵὛҧὝ ᾩ ֪ ♆

ᵩ
NO2 1.67¦1015 molec./cm2 

SO2 2.89¦1015 molec./cm2 

HCHO 1.01¦1016 molec./cm2 

ⅎ ЕҖ1min
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Satellite Measurements
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Sputnik 1: Oct 4, 1957
Sputnik 2: Nov 3, 1957

Early weather sat.: 1950s-1960s

Modern weather satellites: 1970s-
Å Polar orbiting satellites
Å Geostationary satellites 
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GEOS-1; Oct 25, 1975


