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Measurements and Modeling

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

V In different fields of geophysical sciences, fundamental
iInformation is often obtained first through measurements:

A Weather, climate
A Oceanography
A Cryosphere

A Biosphere

A Chemistry

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



Surface Meteorological Measurement Stations

Measurements of meteorological parameters:
Temperature, humidity, pressure, winds, visibility, cloud,
precipitation, solar radiation, etc. |




Visibility as Measurement of Meteorology and Pollutior

Visibility = K éxtinction_coefficient

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

Conditions on 2007-07-24 at 18:43:22 UTC (Day) for Lat/Lon =3 39!-§B 0
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Surface Meteorological Measurement Stations
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Weather Chart
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Difference ('C) from 1961-1990

Global Warmingn the Past150Years

— CRUTENMS3
— N DO
—_—GsSsS

—_— Lugina et al. 2005

U Spatial averaging:

A CRUTEMS3: landrea weighted sum (0.68 NH + 0.32 SH)

A NCDC: areweighted average of the gridox anomalies

A GISS: aremeighted average for three latitudinal zones

A Luginaet al. (2005): (NH + 0.866 SH) / 1.866 (excluding latitudes south ok8p
U Treatmentof gaps in thalata:

A NCDC: anomalies are interpolated to be spatially complete

A GISS: favoiisolated island and coastsites

A Luginaet al. (2009: optimal interpolationadjustinganomalies towards zero where

there are fewobservations nearby
U Numbersof stations: CRUTEMBICDC and GISS differ (4,349, 7,230 @D9)
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Meteorological Satellites

Sputnik 1: Oct 4, 1957 QT Ertn Obzervatorc e

Sputnik 2: Nov 3, 1957 . .
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Weather Satellites:NOAA
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Global Operational Weather Satellites
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Polar Orbiting Satellite: 8
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Geostationary Satellite: F4A
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Global Seasonal Surface Air Temperatut883-2004
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Global Water Content1983-2008

ISCCP-D2 198307-280806 Hean Annual

ISCCP-D2 198387-280806 Hean Annual
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Global Cloud Coved 9832008

ISCCP-D2 1983087-280806 Hean HAnnual

—120 —/0 §] ]

Total Cloud Amount ﬁEh




Global Cloud Coverage: 202215

Credit: NASA Earth Observatory image by Jesse Allen and Kevin Ward, using data
provided by the MODIS between July 2002 and April 2015. Colors range from dark blue
(no clouds) to light blue (some clouds) to white (frequent clouds).

Cloud Physics and Atmospheric Chemistry, Peking University = =




Global Precipitation19792008

GPCP Monthly Mean Precipitation Rate (mm /day)
Average of 1/1879——4/2008
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Observed Seéevel Rise19932019

Sea level trend
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Prandiet al., 2021, Scientific Data 24



Snow and Ice Change: 198020
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Ocean Color: Concentration @hlorophyll

Chlorophyll a concentration ( mg /m?)
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Land Surface Data

Surface products:
Reflectance
LAI

NDVI

Land Use Type
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Measurements of Compositions of th&tmosphere

(]

Greenhouse Gases: GACH, N,O

Gaseous pollutants: Ozone, NOx, VOC, CQ, SO
Radicals: OH, HORQ

Aerosols: PM,, PM, ., compositions, optical properties

Measurement methods:
A Groundbased
A Spacebased
A Aircraft, drone
A Sounding

A Proxy
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Cooperative Measurement Programs

Cooperative Measurement Programs
NOAA GML Carbon Cycle
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Aircraft 60°S
Surface Continuous
Tower
Observatory

surface Discrete 150°E 150°W ao°ew 30°W 30°E

Open symbaol represents inactive site

NOAA GML Carbon Cycle operates several measurement programs. Semi-continuous measurements are made at 4 baseline observatories, a few surface sites
and from tall towers. Discrete surface and aircraft samples are measured in Boulder, CO. Presently, atmospheric carbon dioxide, methane, carbon monoxide,
hydrogen, nitrous oxide, sulfur hexafluoride, the stable isctopes of carbon dioxide and methane, and halocarbon and volatile organic compounds are measured.
Contact: Dr. Arlyn Andrews, NOARA ESRL Carbon Cycle, Boulder, Colerade, (303) 497-6773, arlyn.andrews@noaa.gov, http:/fwww.esrl.noaa.govigmd/ccgal.
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Observed Growth in Background GO

Carbon Dioxide Measurements
NOAA ESRL Carbon Cycle
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Top: Global average atmospheric carbon dioxide mixing ratios (blue line) determined using measurements from

the Carben Cycle cooperative air sampling network. The red line represents the long-term trend. Bottom: Global 30
average growth rate for carbon dioxide. Contact: Dr. Arlyn Andrews, NOAA ESRL Carboen Cycle, Boulder, Colorado,

(303) 4976773, arlyn_andrews@noaa.gov, http:/fwww.esr.noaa.gov/gmd/ccggl.



Surface Measuremenietwork in the U.S.

i
i

Lots of pollutants: ozone, NOXOC CO, PN, PM constituentsetc.

800+ sites since 1990; currently about 1200 sites
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Surface Measurements: The ChineSase

U Before 2013: API, PM NO, SQ. Regular measurements are
available in 86 cities
U Snce 2013: AQI, PM & other gases; 300+ cities, 1500+ sites

http://www.cnemc.cn/ https://www.aqgistudy.cn/
2017-10-26 09:00:00FFEAQINFHFBE
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PM,, Concentration (ug/m?)
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Surface Measurements: The ChineSase
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PM, - Compositions Measurements

Nanjing PM2.5 (64 ugm=in 2001) Hankou PM10 (156 ug m2) in 2002-2003 Beijing PM2.5 (137 pg m=3in 1999-2000)
Yang et al. 2005 Querol et al. 2006 = 5He et al., 2001.
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Using Grounebased AOD Measurements to Evaluate

MODIS AOD of Collection 4
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Satellite Data
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R :  0.848 P
Difference: —0.079 4

X—-oxis s 0.487 4

Y-aoxis 0.408

Lin et al., 2014 AE

(b) Ground v.s. Aqua (Hyer)

# of dato : 658 7]
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Using Grounebased AOD Measurements to Evaluate
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WOUDC Ozonesonde Network
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Ozone Profile®ver Beljing

Ozonesonde over Beijing
(39.8° N, 116.5° E) 15 Beulng (40.1° N, 116.6° E)
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Ni et al., 2018, ACP
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Poleto-Pole Aircraft Measurements Over theacific
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Aircraft Measurements ofOzone

Yan et al., 2014 ACP; 2016 ACP 42



