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Quiz

Causes of slowdown and resumption of Cgtowth

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

Given the wind fields and N¢&xolumns, estimate the
lifetime of NOXx

. Given CO and/or NOx emissions, estimate emissions O
other species such as Génd N,O

Cause®f horizontal distribution Iin sulfur emissions
from oceans

. Why does deposition of N and S resemble their
emissions



Measurements of Chemical Constituents

Studies oftarth system, including AQye based on measurements modeling

A Ground,sounding,airborne, space borne

A Concentration, remote sensing

A Total, speciated

A Longterm, campaign

U Gaseous pollutants: Ozone, NOx, NMVOC, CQ, 88

U Aerosols: PM, PM,;, components sizes, morphology, optical properties
U RadicalsOH, HQ RO, RO -

i GHGGases: COCH,NO ¢ ‘F il
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Ground Measurement Networks

# of ground sites = 1420

HIPPO-1: 2009, 01/09-01/23
HIPPO-2: 2009, 10/31-11/22 NOAA GMD EMEP EPA WDCGG
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Measured Global CHGrowth
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Global Measurements of Ozone from TOAR Proje

Daytime (820 h LT) Mean 0n July 2002014
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Air Quality Monitoring Network in the U.S.

U Lots of pollutants: ozone, NOSQ, CO, PN, PM components, etc.
U 800+ sites since 1990; currently more than 4000 sites
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45-

Latitude

For more info:
https://www.ep 30

Fiore et

a.govioutdoor | EPAAIRS DATA

air-quality- 420 -110  -100  -90 80 70
data/interactive Longitude

map.air_qua”ty_ q 1990 (825 sites)

monitors

Yan et al., 2018, ACP 7



Air Quality Monitoring Network in China

U Before 2013: API, PM NQ, SQ. Regular measurements are
available in 86 cities

U Snce 2013: AQI, PM, PM,,, O;, NO,, SQ, CO. Over 300+
cities, 1500+ sites, mostly in urban/suburban locations

http://www.cnemc.cn/ https://www.agistudy.cn/
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Surface Measurements: The ChineSase

PM,, Concentration (ug/m?)

API for PM, AQI for PM g
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Ozone Pollution over China: Global Perspective
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Surface PM: Measurements in China
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Speciated PM Measurements in China

Nanjing PM2.5 (64 ugm=in 2001) Hankou PM10 (156 ug m3) in 2002-2003 Beijing PM2.5 (137 ng m=2in 1999-2000)
Yang et al. 2005 Querol et al. 2006 7 5He etal., 2001.
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Speciated PM Measurements in China

'estern regions (627)
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WOUDC Ozonesonde Network
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WOUDC Ozonesonde Data for Model Evaluation (200&
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Aircraft MeasurementsMOZAIC/IAGOS ARIBIC
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MOZAIC Ozone Data for Model Evaluation (2€20D5)
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Vertical Profile of O3 in Beijing
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Local soil source of airborne bacteria (%)
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AERONET for Aerosol Optical Properties

U Automatic surtracking photometer (CIMEL 318)
U Globally consistent algorithm, including cloud screening

U Few sites in China with mulgear measurements (Beljing AP,
XiangheTaihy SACOL, Hong KoAglyy
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Aerosol scattering
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AERONET for Data Evaluation
20052012 monthly time series at 550 nm
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Visibility Measurements

Manual Automatic

Visibility = Coefficient Extinction_efficiency

U Used traditionally as a meteorological indicator, but can
also be employed to study (loigrm) PM pollution
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Surface Meteorological Measurement Stations

Also for visibility measurements

SourceWorldClim



AOD Inferred from Visibility Measurements
2005¢2012mean AOD at 50 nm for days with valid MODIS data
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Instrument for Aerosol

Laser Assisted
Alignmen{ Dk
tor

Laser Assisted
Alignment Device

(a)

control equipment

Switch pol
supply Temperature

Chopper
control equipment

-Turbulence -Optical Interaction

1

Q
20:D0:00
x 107

21:00:00

? (b) July 27, 2017

22:00:00
Time

photodector

Receiving

OS1 OWI-430
—_— AVTOM

Visibility(km)
- 5 : 8

23:00:00

CAST3A

— AVTOM

23:00:00

00:00:00




NASAE S EiA —— | ——— iSRRG

A rs ] x coANQ 1 dktA w3d uvzk]x =N 4e B, o EARLINETA d MPLNEZT
®" ADNET Adot. - Ao x =A A

A Q | x o A d NASAn 2008Nn 1 MCALIPSD® 2 k| % K Qe o wnumr M| X K Q
a ALADIN T 202 Adr M3t Q x . v % K ‘Qa ACDB

27



%

Off

.
e

Telescope, -~
3
.

@

-

Laser diode Image sensor -~
375-1550hm CMOS/CCD

Newtonian telescope
D=200 mm, =800 m

Laser diodes
1~100Hz modulation
405 nm - 808 nm, 1-10 W

Refractor telescope
D=100 mm, =600 mm

Lidar profile

>

Pixel-Intensity

A 3

Laser beam image

Camera, 45° tilt
11X6 mm area,
5.5 um, 170 FPS
Auto-exposure

Rotation
Stage

30° (PRNE A EAES

(a)

BRSEA

Altitude (km)

Intensity log10 (a

Distance [km]
NBo — 0 w & v w0 © 3

S

[T
I

9 ! i
8 Hu:uwl 83
9 it s = vl
= € o
£ 6 =3 22
3 [0}
i’ 3 =
Z 4 2 8.2
2 ot
3 ° 5
2% 04 ¢
1 0.2
0‘.

)

0 . 02 04
Time (2019 May 22 to May 23)

28




FSMAX-DOAS =

VLC Wy =AH=z20 ZYyYmY Q ¥

Q

Y S
=)

f‘ ‘V"' b
e = 3
- 25 E
sun = Z
g =
Telescopes £ =
- 1.0 | l %
us | gl S

Tulti ‘ h | i ] ||| E
Multi-core e o ! e

fibers =

g

=

Spectrometer 5 b=
T B

X x

_‘E 1.5 . ;
/ Shutter =0 g

control module 0% w z

08:58 lﬂ.J ) 12:37 14:26 08:39 1508 44 10:32 12:20 14:08 15:56 ’ E
= 5-16 517 518 s

Computer

NO, 1.67 10molec/cm?
SQ 2.89 10%molec/cm?
HCHO 1.03 10'%molec/cm?

o

v
-

Altitud
b

"

(;mapepom 0 )IIWA OHOH

e
=

E | E X min MAX-DOAS ¥ FSMAXDOAS'

29




Satellite Measurements

Sputnik 1: Oct 4, 1957
Sputnik 2: Nov 3, 1957

X

Early weather sat.: 195a960s

X

Modern weather satellites: 1970s
A Polarorbiting satellites
A Geostationary satellites

" 'NASA Earth Observatories ™ings .
. N }?."..-k Jason-1 >
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