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Measurements and Modeling
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V Studies of the Earth system are based on measurements and 
numerical models.

V In different fields of geophysical sciences, fundamental 
information is often obtained first through measurements:
ÅWeather, climate
Å Oceanography
Å Cryosphere
Å Biosphere
Å Chemistry

V Types of measurements: ground, sounding, remote sensing, 
aircraft, drone, campaign?



Surface Meteorological Measurement Stations
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Measurements of meteorological parameters:
Temperature, humidity, pressure, winds, visibility, cloud, 
precipitation, solar radiation, etc.



Visibility as Measurement of Meteorology and Pollution

4

Visibility = K / extinction_coefficient

Used traditionally as a meteorological indicator, but 
employed more and more to study particulate air pollution



Radar Measurements
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Velocity

Reflectivity

Magenta: 65 dBZ(extremely heavy 
precipitation, possible hail)
Red: 52 dBZ
Yellow: 36 dBZ
Green: 20 dBZ(light precipitation)



Sounding
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Temperature, humidity, 
pressure, winds
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ZhaozeDeng

GuiqianTang

Pictures taken in Lhasa in August 2020
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Surface Meteorological Measurement Stations

8Source: WorldClim



Weather Chart
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Weather Chart
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Global Warming in the Past 150 Years
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ü Spatial averaging:
Å CRUTEM3: land-area weighted sum (0.68 ¦ NH + 0.32 ¦ SH)
Å NCDC: area-weighted average of the grid-box anomalies
Å GISS: area-weighted average for three latitudinal zones
Å Luginaet al. (2005): (NH + 0.866 ¦ SH) / 1.866 (excluding latitudes south of 60хS)

ü Treatment of gaps in the data:
Å NCDC: anomalies are interpolated to be spatially complete
Å GISS: favors isolated island and coastal sites
Å Luginaet al. (2005): optimal interpolation adjusting anomalies towards zero where 

there are few observations nearby
ü Numbers of stations: CRUTEM3, NCDC and GISS differ (4,349, 7,230 and >7,200)



Global Precipitation Anomaly
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Meteorological Satellites
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Sputnik 1: Oct 4, 1957
Sputnik 2: Nov 3, 1957

Weather Satellites
ÅPolar Orbiting Satellites
ÅGeostationary Satellites 
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Weather Satellites: NOAA
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Global Operational Weather Satellites
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Source: http://www.nsmc.org.cn/nsmc/cn/satellite/index.html

As of 2021
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Source: http://www.nsmc.org.cn/nsmc/cn/satellite/index.html

As of 2023



Polar Orbiting Satellite: FY-3
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Geostationary Satellite: FY-4A
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Global Seasonal Surface Air Temperature: 1983-2004
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Global Water Content: 1983-2008
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g/m2



Global Cloud Cover: 1983-2008
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Global Cloud Coverage: 2002-2015

22



Global Precipitation: 1979-2008
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Observed Sea Level Rise: 1993ς2019

24Prandiet al., 2021, Scientific Data

Sea level trend



Snow and Ice Change: 1979ς2020

25IPCC, 2013



Ocean Color: Concentration of Chlorophyll
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July 2008

https://oceancolor.gsfc.nasa.gov/atbd/chlor_a/

Spring 2014



Land Surface Data
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Surface products:
ÅReflectance
ÅLAI
ÅNDVI
ÅLand Use Type

GIMMS NDVI

GLCNMO Land Use



Measurements of Compositions of the Atmosphere

üGreenhouse Gases: CO2, CH4, N2O

üGaseous pollutants: Ozone, NOx, VOC, CO, SO2

üRadicals: OH, HO2, RO2

üAerosols: PM10, PM2.5, compositions, optical properties

üMeasurement methods:

ÅGround-based

ÅSpace-based

ÅAircraft, drone

ÅSounding

ÅProxy
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Cooperative Measurement Programs
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Observed Growth in Background CO2
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Surface Measurement Network in the U.S.
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ü Lots of pollutants: ozone, NOx, VOC, CO, PM2.5, PM constituents, etc.
ü 800+ sites since 1990; currently about 1200 sites

Fiore et al., 2002, JGR

Yan et al., 2018, ACP



Surface Measurements: The Chinese Case
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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 & other gases; 300+ cities, 1500+ sites



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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PM2.5 Compositions Measurements
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Fang et al., 2009



ᾩ ЕAERONET
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NASA
HuizhengChe
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└ AOD

CARSNET

CERN is part of CSHNET

SONET



Using Ground-based AOD Measurements to Evaluate 
Satellite Data
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Xin Jinyuanet al.



Using Ground-based AOD Measurements to Evaluate 
Satellite Data
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AERONET
CARSNET
CSHNET

Lin et al., 2014 AE



WOUDC Ozonesonde Network
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https://woudc.org/data/dataset_info.php?id=ozonesonde



Ozone Profiles over Beijing
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Ni et al., 2018, ACP



Pole-to-Pole Aircraft Measurements Over the Pacific

41Wofsyet al., 2011 PTRS; Yan et al., 2014 ACP; 2016 ACP



Aircraft Measurements of Ozone

42Yan et al., 2014 ACP; 2016 ACP


