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Quiz

Causes of slowdown and resumption of CH, growth

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

Given the wind fields and NO, columns, estimate the
lifetime of NOx

Given CO and/or NOx emissions, estimate emissions of
other species such as CO, and N,0O

Causes of horizontal distribution in sulfur emissions
from oceans

Why does deposition of N and S resemble their
emissions



Measurements of Chemical Constituents

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

* Ground, sounding, airborne, space borne
* Concentration, remote sensing

Total, speciated

Long-term, campaign

Gaseous pollutants: Ozone, NOx, NMVOC, CO, NH,, SO,

Aerosols: PM,,, PM, ., components, sizes, morphology, optical properties

Radicals: OH, HO,, RO,, RO . I
GHG Gases: CO,, CH,, N,O 00000 | ms A "
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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 CHs Growth
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Global Measurements of Ozone from TOAR Project

Daytime (8-20 h LT) Mean O, in July 2000-2014
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Air Quality Monitoring Network in the U.S.

» Lots of pollutants: ozone, NO,, SO,, CO, PM, ., PM components, etc.
» 800+ sites since 1990; currently more than 4000 sites

For more info:
https://www.ep
a.gov/outdoor-
air-quality-
data/interactive-
map-air-quality-
monitors
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Air Quality Monitoring Network in China

» Before 2013: API, PM,, NO,, SO,. Regular measurements are

available in 86 cities

» Since 2013: AQl, PM, ., PM,, O, NO,, SO,, CO. Over 300+
cities, 1500+ sites, mostly in urban/suburban locations

http://www.cnemc.cn/
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Surface Measurements: The Chinese Case

API for PM,,
Prior to 2013
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Ozone Pollution over China: Global Perspective

AVGMDAS for April-Septembe
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Surface PM, . Measurements in China
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Speciated PM Measurements in China
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Speciated PM Measurements in China

‘Western regions (627)

OC (14 models)

H Nonheasr‘\ North China | Central and South China (1131)
| China (66) | (645) |

(a) Multi-model mean

BC (14 models)
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Sounding: “Big Fish” over Tibetan Plateau
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Pictures taken in Lhasa in August 2020




WOUDC Ozonesonde Network
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WOUDC Ozonesonde Data for Model Evaluation (2008)
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Aircraft Measurements: MOZAIC/IAGOS, CARIBIC

Airlines
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MOZAIC Ozone Data for Model Evaluation (2000-2005)

Vertical Profile of O3 in Beijing Vertlcal Proflle of O3 in Shanghai Vertical Profile of O3 in Hongkong
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AERONET for Aerosol Optical Properties

» Automatic sun-tracking photometer (CIMEL 318)

» Globally consistent algorithm, including cloud screening

» Few sites in China with multi-year measurements (Beijing |AP,
Xianghe, Taihu, SACOL, Hong Kong PolyU)
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AERONET for Data Evaluation

2005-2012 monthly time series at 550 nm

- (a) Beijing (116.381E, 39.977N, 92m, urban), bias = 0.021, R = 0.675
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Visibility Measurements

Manual Automatic

Visibility = Coefficient / Extinction efficiency

» Used traditionally as a meteorological indicator, but can
also be employed to study (long-term) PM pollution
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Surface Meteorological Measurement Stations

Also for visibility measurements

Source: WorldClim



AOD Inferred from Visibility Measurements
2005-2012 mean AOD at 550 nm for days with valid MODIS data

(b) At Aqua time
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Instrument for Aerosol-Turbulence-Optical Interaction
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Lidar profile
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Satellite Measurements

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

Early weather sat.: 1950s-1960s
Modern weather satellites: 1970s-

e Polar orbiting satellites
* Geostationary satellites

NASA Earth Observatorles SRy .
€, .‘1 P .-L Jason-1 :




Satellite Meteorological Measurements
Also Provide Information to Infer Aerosols
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China’s Operational Weather Satellites

3% %
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Global Operational Weather Satellites

“A/C - Train” Sentinel 3
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Polar Orbiting Satellite: FY-3
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Geostationary Satellite: FY-4A
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High-Resolution Geostationary and Polar Orbiting Satellite
Measurements of NO, and Other Tracers

- : : ‘ ’ o 3\?
-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180
NO, sensors: GOME, SCTAMACHY, OMI, GOME-2A/B, OMPS, TROPOMI, GEMS...
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Modern Satellite Remote Sensing of Air Pollutants

NASA A-Train

Advantages:
— Near real-time
— Multiple species

== — Excellent spatial coverage
. | — long-term data

— High resolution data

g — Easily accessible & verifiable

» Aerosols: MODIS, MISR, CALIOP, FY
* O;: OMI, TES, AIRS, MLS, FY

* CO: TES, MOPITT, IASI, FY

* NH;: TES, IASI, CrlIS, FY

* [SOP: CriIS

v NO,: TROPOMI, OMI, GEMS, FY

v SO,: OMI, TROPOMI, GEMS, FY

v HCHO: OMI, TROPOMI, GEMS =




Satellite Measurements of Global Air Pollution

MODOB_M3.051 Aerpsal Oslfcal Dapth at 550 nm [unitleas]
aaloBa°d eetiad)

OMI trop. NG, July 2010 KNMI/NASA/NIVE
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" Satellite data applications:
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Reflectance Spectra at VIS-NI (from ESA GOME-1)
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Averaging Kernel and Air Mass Factor

South Korea (37.0°N, 127.5°E; VZA: 43°) in January
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DOAS Approach to Retrieving NO,, SO,, HCHO,
CHOCHO from Satellite Remote Sensing
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Retrieving NO, from Satellite Remote Sensing

DOAS method to derive total SCD:

1) = Iy(A)e~ ZioiDSi+E; a4

Solar radiation Radiation received by satellite

NO, abs

Cloud reflectance

Aerosol abs. & scat.

Atmos. scat.

Ground reflectance

From total SCD to tropospheric VCD:
_ S _S=S,
Mt Mt

{2

[ L1b radiance from satellite data ]
]
[ Differential Optical Absorption Spectroscopy (DOAS) ]
}
[ Total NO, slant column density (SCD) }

Route 1 ROute 2

[ Stratosphere-troposphere separation ]

[ Air mass factor calculation (RTM+CTM) J

[

! i
| Troposphericscp | | Totalvep=sco/avF |
| !
Air mass factor calculation (RTM+CTM) ] [ Stratosphere-troposphere separation

)

} }

| VCD, = SO,/ AV, |

[ TroposphericNO, VCD ]
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POMINO NO, VCD Products for OMI, TROPOMI & GEMS

http://www.pku-atmos-acm.orq/acmProduct.php

All Level-2 and Level-3 data are freely available (2004-present)

2018~

35°N _{ (,.,‘_,/“\_% G

5 km-res Tropospheric NO, VCDs in JJIA 2018-2022

_PSMIN®-TROPOMI
e

25°N |\
(Jmt: 10> cm2
15°N
70°E 130°E 140°E
0 2 4 6 8 10

500+ registered users from 200+ institutes in 25 countries

Lin et al., ACP, 2014

Lin et al., ACP, 2015

Liu et al., AMT, 2019

Liu et al., AMT, 2020
Zhang et al., NRSB, 2022
Zhang et al.,, AMT, 2023
Zhang et al., AMT, 2025
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http://www.pku-atmos-acm.org/acmProduct.php#POMINO

OMI-Retrieved Tropospheric NO, Column: 2005-2019

OMI trop. NO, Jon. 2005
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Tropospheric NO, Column: OMI versus TROPOMI

—g0 0 3 a0 ) =0 -1 r

—E0
NO, tropospheric colu . NQ, tro
1 2 3

TROPOMI trop. NG, July 2018

=T [T - —T)

T - T
NO, tropospharic calumn [107° melec NO, tropospheric calumn [16™ malec, fem?]

1 2 3 4 5] 8




De-striping OMI NO, VCDs based on Empirical Distribution

55°N

45°N

35°N
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Before de-striping

POMINO-OMI NO, VCD JJA 2012

After de-striping

POMINO-OMI NO, VCD JJA 2012
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Kong et al., submitted
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Global TROPOMI HCHO VCDs

Tropospheric HCHO VCDs (April, July, October 2021, and January 2022)
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OMl-retrieved VCDs of Tropospheric SO,

OMS02€:2014
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Mclinden et al., 2016, Nature Geoscience
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OMl-retrieved VCDs of Tropospheric Ozone

Annual mean in 2009 (DU)

OMIILIU

OMIIMLS
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327 358 29.6 z

Yan et al., 2016 49
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80°E WE 100°E 10°E 120°E 130°E 140°E

->=5.0
] o k ; ’ .
wu| 2oSOTOVERNBT
. Salh , .
50°N
3.5
40°N
BN
- 20
10°N
80°E WE 0E 10 T130°E 140°E -<=0.5

FHER(E - ERALEZMA, ERIESRHL
Credit: Peking University and National Satellite Meteorological Center

Zeng AMT 2023a,b:; Zeng 2024 JGR-Atmosphere

%)

CO (x1e18 molecules/cm

(b) FEg

60°N

50°N

40°N

30°N |-

____L___L___r___L__-L.._..L...__

i
T

1
’ 1
R I
" o,
l_.lﬁl
T, 5 2
1

20°N [

10°N

D 0
80°E 90°E 100°E 110°E 120°E 130°E 140°E

(c) &SR

120°E 130°E 140°E

3.0

2.0

1.0

0.0

NH3 (10%° molec/cm?)

HCOOH Column (x101¢ molec/cm?)

BB @Ib KiE=RFR




FY-3E/F HIRAS IS iERSEEIRMN

AR ~ FY3E (05:30)

3.0 40°N
20°N
0° .-
20°S
Jz
a0°s|

1.0 60°N [

40°N

20°N
0°1 4

20°S |
0.0 5
40°S

120°E

o

1

. 60°N &t_
B
G 40°N|
8 |
3 ‘
= 20°N|
~g ‘
S 0°
c
£
2
2
3
o
(=

o

Zeng et al. 2025 JQSRT

$00LS1

aftemoon orbit

0000 LST <i<:/\z>
e
nol‘ml ST
June 11, 2023 July 15, 2023 August 12, 2023
120°W 100°W  80°W 120°W 100°W  80°W 60°W 120°W 100°W  80°W 60°W
== - Ry~ ——— S

in prep.

120°W  100°W 80°W  60°W 120°W  100°W 80°W  60°W 120°W  100°W  80°W  60°W

O =R 12

Hua et al. RSE, in revision

BB Q@b KIEREER

51



BOM

MODIS AOD in 2009
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MODIS Monthly AOD at Kilometer Resolution

2006/04 " 2006/03 ’ 2006/02 - 2006/01
Li et al., 2003 53



MODIS-VIS Single Scattering Albedo Retrieval

120°W

c ~ 470nm SON d 470nm DJF

180°W 120°W 180°W 1 20I°W 60°W 0° 6CIi°E 1 2(I)°E 180°W

Jing Li
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Field Campaign

* Measurement campaigns: intensive measurements of
targets (e.g., pollutants) in a short period (weeks to
months), employing a variety of instruments.

* TRACE-P

* ICARTT

* INTEX-B

* ARCTAS

* PRIDE-PRD

* CAREBEUING

v" Aircraft measurements are used in these campaigns
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PRIDE-PRD 2004, 2006, 2008
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Field Campaign Measurement Parameters

Gases: O3, NOX, H,0,, HNO,, OVOCs,
' NOy, CO, ROX HNO,, HCI, | | OH,
SO, vOCs, | [NH, H,SO,
Process: | VOC
radicals

photolysis rates

| voc’




Unknown OH Recycle Mechanism Inferred from Campaign

Low NOX, high ISOP situation
=
Proz Proz &
=)
I
\ m o
‘ ' =
(5]
/ |
o
l I
L L L 00:00 06:00 12:00 18:00 00:00

'HO2+HO2 HO2+R02 RO2+R0O2

local time

Hofzumahaus et al. "Amplified Trace Gas Removal in the Troposphere." Science 324(5935): 1702-1704.
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Numerical Models in Atmospheric Research

> Type
* Statistical model, Al model, physical model
* Dynamic, process-based, parameterization
> Purpose

* Meteorological, climate, ocean, sea ice, chemical
transport, ..., Earth system

» Dimension
* Box model, 1-D, 2-D, 3-D
» Domain (scale)
* Global, regional, urban, nested
» Proceeding
* Forward, backward (back-trajectory), adjoint
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Primitive Equations for Large-scale Motions

Meteorological and climate models are based on these equations

Hypsometric equation (hydrostatic)

Horizontal equation of motion

Continuity equation

Thermodynamic energy equation

Bottom boundary condition

Five unknowns

Wallace and Hobbs, 2006

P RT
— = dd = gdz
dp p
dV(u,v)
=—VO—-fkXV+F
dt
dw . _dp
ap -V Cdt
dr kT N Ji ey
d = » w Cp K = Cp
dps dp Ps
E__(V Vp)S_(‘”E)S_ ) (V-V)dp
Viu,v),w, ®,T

J and F need to be parameterized
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Atmospheric Chemical Transport Modeling

oC i
=E-D-V-CV—-V-CV +(P-1)

a t Grid-resolved Unresolved

Horizontal Grid
{Latitude-Longitude)

Vertical Grid

INmEE

Eulerian Model:
Discrete lon-lat grid

Atmospheric chemical transport models:
— Simulating spatiotemporal variations of trace species after
they or their precursors are emitted into the atmosphere
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Chemistry in Earth System Models

" Chemistry

| (CICES) |

Surface Waves P .
(WaveWatch3) { Land Ice ] J.-F. Lamarque

(CISM2)

Biogeochemistry
(Carbon-Nitrogen Cycles)




Schematic for Global
Atmospheric Model

[Horizontal Grid (latitude - longitudce)

[ Verdical Grid (height or pressurc)

Governing equations

Initial conditions Parameterizations Evolution of atmosphere
Numerical dissipation

Boundary conditions ?

Resolution
&
Parameterization
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Global High-Resolution Simulation of Surface Ozone

Surface ozone S|mulat|on at12.5 km x 12 5 km

Fri 10 Aug
2012

Global Modeling and Assimilation Office GEOS-5 CCM
NASA Goddard Space Flight Center 12.5 km x 12.5 km




Global High-Resolution Simulation of Tropospheric CO

Fri 10 Aug Sun 12 Aug Mon 13 Aug Tue 14 Aug
2012

Global Modeling and Assimilation Office 100 110 130 140 150 GEOS-5 CCM
NASA Goddard Space Flight Center 12.5 km x 12.5 km




Stretched Grid Modeling for Single Targeted Domain

(ssajuun) Buijeas 207

AN

=
~
1

1/6

Bindle et al., GMD, 2021

68



Global versus Regional Models

Global Models Regional Models
= Covers the globe = Covers a region
— Good for global studies — Need LBCs from global
— No LBCs are necessary models via nesting
=" Low-resolution ( =100 km ) " High-resolution ( ~ 10 km )
— Sim. or no small-scale processes  — Resolve small-scale processes
" Example: GEOS-Chem, AM3 = Example: CMAQ, WRF-Chem

TS N

60°N

30°N

00

30°s

GM gives LBCs & RM revises GM " FlexGrid

80°S

___ YanY.-Y. etal,, 2014, ACP e et

N ===:=2 S ISSESS
20 ?80"' 150°W 120°W  90°W 60°W 30°W o° 30°E B60°E 90°E 120°E 150°E 180°




Models Often Miss or Misrepresent Small-scale Processes

 Atmospheric chemical & physical processes have multiple scales
* Models often misrepresent scales smaller than 2 x grid size
— Critical, because small-scale processes affect large-scale ones
— Affect both distribution and total mass of trace species

A=B+C+D.

B = large-scale
ol well-resolv

C = intermediate D = small-scale
resolved Badly mogleleq
!

L] 200 Lo ele] SO0 SO0 1 OO0 L] 200 Lo ele] SO0 SO0 100D 0



e
A Simple Case

How Small Scales Affect Large Scales

X,= 1 Y,=1
X,,; = X;+0.5%sin(t/P)+Xr  Y,,,= Y, +0.5*sin(t/P) X;— Y
Xr =N(0,0.2); P =120

30

Mean(X)=15.8 | | Mean(Y)=10.6 Mean(X-Y) = 5.2

Q 200 400 SD0 a0 1000 1200 1400 Q 200 400 SD0 a0 1000 1200 1400 Q 200 400 SD0 a0 1000 200 140¢

0.5*sin(t/P) Xr = N(0,0.2)
larger scale smaller scale
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e
Limited by Resolution

Models Often Miss or Misrepresent Small-scale Processes

* Un-even terrain

* Small-scale meteorology

* Variability in land use, vegetation, etc.

* Small-scale horizontal & vertical transport

* Small-scale variability in chemistry & emissions

model reality

A-B—A-B=—-A"-B' = —145 0403

> 4 < 0: Model has an overestimation
> T4p > 0: Model has an underestimation
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Coarse Models Tend to Overestimate Ozone Production

O; Production Rate
1 coarse gridcell = 4 fine gridcells 1 NOx-limited (Rural)

o 1
.‘ 160 L 200

180

Optimized 160
(mixed) ¥

120

100
&0
/éaﬂn
VOC-limited (Urban)
o ¢ 4« s s m w1 1w 1

NOx emissions
Sillman et al., 1990

NMVOC emissions
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Finer Resolution Leads to Less Ozone
Surface Ozone over Europe in June 2006 at 12:00 UTC

F

ﬂj.e,uum ilpbu]
EECICT.>
40 45 50 55 60 65 70

Huijnen et al., 2010 74




2-way Coupling Improves Tropospheric Simulation
by Reducing Modeled Oxidative Capability

OH (105 cm3) 11.8

O; (DU) 34.5
O, (Tg) 384
NOx (TgN) 0.169
CO (Tg) 359

MCF lifetime (yr) 5.58
CH, lifetime (yr) 9.63
NMVOC (TgC) 10.1

11.2 (-5%* 10.4-10.9

315 (-8.7% ) 31.1 1 3 (omMI/MLS)
348 (-9.5%%)

0.176 (+4.1%)

398 (+10.8% &)

5.87 (+5.2%) 6.0-6.3

10.12 (+5.1%) 10.2-11.2

10.2

* Greater than its interannual variability (2.3%)
# @Greater than the change from 2000 to 2100 under RCP6.0
& Equivalent to a 25% increase in global CO emissions

Yan Y.-Y. et al., ACP, 2014, 2016

75



2-way Coupling Better Simulates Tropospheric CO

—2008/08/15
Global model

CO at 6.5 km altitude. 2008/07/01

1-1

Two-way model

Bt

e

ifference

112

5

Relative d

uT

Two-way m

nus Global

[PTih] B [V BUE 120°E
N T T T .
s BB A0 U U0 20 =

u 1 20

-10

-4l

Yan Y.-Y. et al., ACP, 2014, 2016



Modeling of Atmospheric Transport and Source Attribution

* Traditional observation-based methods (PMF, CMB)
— Simplified treatments of chem & transport; short-distance attribution
— Difficult to represent nonlinear (chemical) processes, or chem-met interactions

Data-based

Al models
— Fast and low costs (in prediction); derivatives are easily calculated
— Lack physical mechanisms and explainability; causality is unclear or lacking
v' Backward trajectory models
— Lagrangian approach to track the flow backwards; relatively fast and low cost
— Substantial limitations in chemistry and mixing
v" Chemical transport models (CTMs)
— Forward approach with zero-out simulations, tagged approach, etc.

Physics-based

— Account for different processes, but are resource-costly

v Assimilation (Adjoint models, EnKF)
— (Local) linearization of CTMs; powerful for attribution to each LOCATION
— Slowest, and still cannot fully address the nonlinearity issue

» Combination of physics-based and data-based methods
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Observation-based versus Back Trajectory

Observation-based attribution of source regions for spheroidal carbonaceous particles

Ti/Si

«China «Japan «Taiwan (China) /
10" mainland
(U
T " Junetal., 2014
s — Oki Islands (OK)
107 ot
. type
102 o
3 s China
mainland
10'3 e sl 5 i .q.....lo. .......|1. L
10 10 10 SIS 10 10 Goto Islands (GT) Iki Islands (IK)
1

40°E

Back trajectory for source attribution

60°E

60er(d) 2018

50°N
40°N
30°N
20°N
10°N

%°W 20°E 40°E 60°E 80°E  100°E 120°E

80°E  100°E  120°E
[s kg™' m™3]
I ————— Xu C.-H. et al., ACP, in review
10 10 10 10

78




Adjoint Modeling

T RY IE [ Uk P S 58 FRERIC
o 7 »y P.% @ ;
o T p,% @ /‘/l ¥ 18 R 15
R 15
o
SRgnEx @ 2@ %
P70 P50
y = Kx x' = KTy’ { |
Numerically solve V_J(x)=287(x-x_)+2K'S(Kx-y)
=0

Source: Lin Zhang
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GEOS-Chem Adjoint

Sensitivity of ozone concentration at Mt Bachelor on May 10, 2006 at 18 UT to ozone
fields at earlier time steps (April 25 - May 10, 2006)

GEDS-Chem ADT 03 at /S50 hPa: 20060510 18 UT
30l

BOoM

A0oM

Qo

A0o5

BlaS

3005

1,e-08 1,e-04 1,203 1,e-02 1,e-01 1,e+00

[ | 1 A A A 1 i i i A 1 1

Apr 20 Apr A0 May & May 10

Zhang et al., 2009



Ensemble Kalman Filter (EnKF)

Porsterior PDFT
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EnKF for NOx Emission Inversion

NOx emission trend: 2005- 2010
- 0° -60° -20° g 60° 1 140°

\ -140°
S
o

( Observations

OMI NO:
TES 03 . S Atmospheric
MOPITT CO v | B || concentrations
= | X°
\ MLSO5 HNOs E
s a A posteriori
A priori emissions & < —
EDGAR 3.2 = © MRace
GFED 2.1 TX R Nk 8LC0
REAS 1.1 E — emissions
4
=
i

LNOx B -14¢° -100° -60° -20° 2 60° 100° 140°

 —— —
-5-3113575“!5%”

-
A priori LNOx =

|

Ensemble CTM simulations

L parameterization ) f I [10"Kg;n’s’ decade']
e NOx emission trend: 2011-2014
Data assimilation cycle -140° 100° -60° -20° 20° 60° 100° 140°
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60°
09

Miyazaki et al., ACP, 2012

30°
0F

» #of ensemble members: 32 __—¥
> Localization distance: 450km

-30°
D€

-140° -100° -60° -20° 20° 60° 100° 140°
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Miyazaki et al., ACP, 2017

82



Physics-Guided Artificial Intelligence for Emission Inversion

Initialization

@ , — @ .
.| Estimated emission <l f | Predicted
inventory ¥ concentration U
4
1
|
I )
1
1
|
observation Y

a
Execution Sequence

—
Forward

D g
Calculate loss

-
Back-propagation

Trained by trajectory models
He et al., GMD, 2025

Trained by CTMs
Xing et al., EST, 2022

San Francisco Bay Area
ML Prediction

A(Posterior — Prior)
delta mean: 0.66

Posterior emissions
Post mean: 1.70

Prior emissions
Prori mean: 1.04
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Quiz

What are the challenges of measurements in China? How can
we conquer these challenges? What should be the priority?

Can pollution measurements also benefit studies of
greenhouse gases? If so, how?

To what extent can we retrieve vertical profiles of NO, based
on satellite remote sensing? What are the bottleneck in
theory and technology?

Can we retrieve multiple species from satellite remote sensing
using a (single) generalized algorithm? Why?

For a horizontal resolution of 200 km, what is the smallest
scale a model can resolve? Discuss wrt chemistry and
dynamics (e.g., winds), individually.






AVHRR AOD @ 550 nm: 1982-2006

AVHRR AOD
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AOD @ 380 nm from Nimbus-7 TOMS: 1979-1991

February

0 0.1 02 03 04 05 075 1.0 1.5 2.0 4.0 0 01 02 03 04 05 07 1.0 1.

F1G. 4. Long-term (1979-91) global monthly average aerosol optical depth derived from Nimbus-7-TOMS observations.

Torres et al., 2002, JAS ¥



Satellite Observed Pollution Trends and Variability over
China during 2000-2012

(a) Economic Indices

Daily thermal power generation
GDP .
Daily raw iron production

LE i
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Coarse Models Under-represent Small Scales

Urban or Regional or Synoptic to
Microscale | Local scale Mesoscale | Global scale
100 yr (~ - /i/ong-hved -‘\\
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Seinfeld and Pandis, 2006
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Resolution-dependent Net Ozone Production
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Atmospheric Chemical Transport Model

Emissions
NOx, CO, VOC, etc
Anthropogenic
Biomass burning
Biogenic/soil
Oceanic

Meteorology
Temperature
water vapor

pressure, winds, etc.

"\
/!

CTM calculation

63 species
Advection
Diffusion
Convection
Cloud/Precipitation
Chemistry

4-D variations
of chemicals




MOZART-Simulated Near-Surface Ozone in 1990s JJA
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From Radiance (L1b) to Tropospheric NO, VCD (L2)

: vep.. _ SED = SCDyirar : )
trop AMF 1 or polluted cases:
S1: Total slant column density (SCD) Error = ~5%
S2: Tropospheric SCD = SCD — SCD, ., Error = ~5-10%
i $3: Tropospheric air mass factor (AMF, ) | Error = ~30-60% )

= Cloud fraction

\ J

[ S.F. Reflectance

( )

[ NO, profiles ]7 L ’

— Cloud pressure [

[ P, T profiles ]7

_ feaalca

[l

7

D

AMF (cloudy)

7

N

AMF (clear)
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2-way Model Better Simulates Surface O,

Comparisons with AQS and EMEP observations:
» Improvement is most significant in cold season
» Improvement from 1-way to 2-way is 1-7 times that from global to 1-way

Obs. —
Two-way (8 AQS BEW TﬂW Qfﬂ H(f) AQS 85W-70W 25N-40N
Global e wﬂ - o A
One-way ﬁ: f' A Lo A an sl
- ’T b, AR 40 g
d w ?E 8.7 141:78 0.3 ﬁ W ?ITH B.8; 74;125:10.7; 46
20p W 11.3:128: 14.4:10.1: 8.4 | i, 10.5: 9.5;129:11.9; 7.8
ob 10412414585 64 ‘ D: o 9.8 9.3:128;10.8;6.2

JFMAMJJASGNDJFMEMJJA&DHD
"Ho) EMEP SON-TON ,‘ | | o

60 w | 60

5L «@‘ﬁr‘ '] i - v

& anfflyf ™ WM of bl

g FVY 94 52 151:106: 68 | BT T 54:04:72:06 44
il 14,3137 163, 13.8; 145 2 87:6.8: 95118 6.3
0 13.4;136: 15.4: 123 124 u 84:67,98; 1.1 48

J F M A MW J J A § O ND J FMNM A M J J A S 0O NTD
Yan Y.-Y. et al., ACP, 2014, 2016 o




2-way Model Better Simulates Tropospheric O,

OMI TCO Two-way Global
2009 =% ' s T = - -
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Yan Y.-Y. et al., 2016 ACP
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2-way Couplmg Better Simulates Tropospheric CO
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Air Quality Monitoring Network in China

“Urban” Network ?

Measurements are limited by:

— Lack of historical data

— Lack of representativeness

— Lack of profile and column data

— Data verifiability and accessibility

Source: Xuan Ling
What we want:

R 5017-02-28 14:00:00HEAQINES TR E]
o ooy °WE

— Long-term data
— Good geographical coverage
" i - High spatiotemporal resolution
— Vertical and surface data
TR ¢ — Easily verifiable and accessible

https://www.aqistudy.cn/ 97
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Chinese Networks for Aerosol Properties
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Lin et al., 2014 AE
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(a) Ground v.s. Terra (Hyer) (b) Ground v.s. Aqua (Hyer)
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Ti/Si

Observation-based versus Back Trajectory

Observation-based attribution of source regions for spheroidal carbonaceous particles

r «China <Japan «Taiwan (China)
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g Jun et al. 2014
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i

Back trajectory for source attribution

Yin et al. 2017
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