Chapter 5

Regional and Global Pollution Transport
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Quiz

Based on the collision theory, why does the reaction rate constant
of bimolecular reactions tend to increase with T?

Can we consider N@nd ozone to be in the same chemical family
(i.e., Ox)?

Potentialhuman influences on recent tropospheric OH trends
How would NOx emissions affect the lifetime of OH?

Impactsof NOx on ozone at different cases: troposphere,
boundary layer, urban, rural

Ozoneproduction is normally VGIinited in urban areas and NOXx
limited in surrounding rural areas. To control urban ozone pollution
should we control NOx or VOC emissidns

How would changes in NOx affect the formation of nitrate and
sulfate?

2 K& RAR L Koltyok d2dne, poHution decline with
emission control over the past decade?

How can ozone and PM pollution affect each other



Globalizing Air Pollution
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Budget of Air Pollutants

AN ATMOSPHERIC CHEMIST’S VIEW

OF THE WORLD
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Haze: Transported or Locally Formed ?

https://v.qq.com/x/page/f03620mzezqg.html



Globalizing Air Pollution: Atmospheric Transport
Simulated by GEOGhemChemical Transport Model

Ozone in MidTrop. in Jan 2009
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U Both local sources and transport of pollution are obvious
U The extent of transport depends on emissions, chemistry, etc.
U China is both aourceand areceptorregion

Yan et al., 2014 ACP; 2016 ACP



Sources of Air Pollution

A Local emissions and/or production

A Inter-regionaltransport and transformation
A Global transport and transformation

A Stratospheretroposphere exchange

X Natural versus anthropogenic sources

U Transport and transformation of air pollutants
along the pathway

U Lifetime of pollutants isa key factor




Spatiotemporal Scale of Atmospheric Motion (Transpor
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LocatRegionalGlobal Pollution Interconnection
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Characteristic Distance of Transport

U Primary Pollutant:
D = U x =Wind Speed x Lifetime

U Secondary Pollutant:

— * *
D=Ux", where_c<_ <_|o+_S

_*. Characteristic time

_p- Lifetime of primary pollutants in conversion to
secondary pollutants

_o Lifetimeof secondary pollutants

e.g., Emissiofih S@6 B§)] thdeposition
wSOIFffY bh SHNAQEHRY? M wbhe
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Kinematics: Different Types of Flow Motions

Vectorial

Natural coords.

Cartesian coords.

Shear 14 f)
Curvature
Diffluence 4

Stretching |

Vorticity { k-V XV
Divergence Div,V V-v

Deformation i)
tensor

_v
an
d
v
as
d
v
an
ﬂ/
ds

Jd
SV
Js n

S v
an as

v _au
dx  dy
du v
R + —
dx  dy

du  dv . dv du

ax 9y’ ax Ay

- - ((/f/:,\';\\)

» 'L\.;'T )
e NS
ST TN
c o]
"\
\v'\\'\%éi g g
IS N
AR %

SN I n T

Curvature
Diffluence
Stretching
Vorticity
Divergence

Deformation

11

Wallace and Hobbs, 200




Kinematics: Deformation

TR

A

How agrid of air parcel isleformed by the
flow as the tagged particles move
downstream with time:

V Thosen the upper right corner of the

y grid movingeastward.

= E
-
2;
V Thosein the lower left corner moving

southward and then eastward around
the closed circulation.
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Kinematics: Streamline versus Trajectory

Pathline_: ) Initial streamlines: solid lines
StreamlllneE I € Later streamlines: dashed lines
Streaklinee

Phase speed of wave: c
Speed of background flow: U
AB:c>U
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L AD:c< U
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Wallace and Hobbs, 2006

https://en.wikipedia.org/wiki/File:Streaklines_a
nd_pathlines_animation.gif 13



Real andPseudororces in the Atmosphere

Friction force 3 — W "0 qw

_ = Shear Stresd, = Drag coefficient

P
Pressure gradient force ||- i
Gravity (Gravitation + Centrifugal) I I ‘ =| =
Coriolis force F T Q q OB+

Centrifugal force and Coriolis force apseudo forces
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In hydrostatic balance:

Horizontal Winds
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Rotational Wind (smatscale)

For smallscale motionsCoriolisforce can be neglected

1 %
Qo Y >

® A %]

The rotation could by cyclonic anticyclonic
V R:> 0 for cyclonic
V R < 0 foranticyclonic

For a typical midlatitude tornad® =300 m,V,=30 m s
U The magnitude of Coriolis forcel83m s?
U The magnitude of centripetal force3+m s?
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GeostrophicWind (largescale, without friction)

%T‘ 10“m s?in magnitude about 10% ofCoriolis force
o

Assume —, Tl
Qo

Pressure gradient force is in balance
with Coriolis force, w/driction

17
Wallace and Hobbs, 200



Effect of Friction by Earth Surface

o » f Vv P = Pressure gradient force
’ - C= Coriolis force
F. a4 . ——V Fs = Friction force
: Lt V, = Wind
\ c V, = geostrophic wind

‘@ ||HATTO | %ATTO
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GradientWind (largescale, without friction)

Or &) 0
L - /
Qo Y > L
: P W R, > 0 for cyclonic
W ?{l %4 T) R; < 0 foranticyclonic
I.
\/

Subgeostrophic Supergeostrophic 19
Wallace and Hobbs, 200



Thermal Wind (largescale, without friction)

(1) () "B o %)

Equivalent Barotropic

\/ iIncrease w/ height__g— p=p; (a)

©)

Warm adv.

V L & H: Low & high geopotential heights .
V Blue and orange colors: Cooler and warmer air Wallace and Hobbs, 200



Primitive Equations for Largsecale Motions

Meteorological and climate models are based on these equations

kY'Y

Hypsometric equation (hydrostatic) T B "Q0d

n
Horizontal equation of motion Qr oh g
00 ™ 3
o . 1 Q)
Continuity equation — 1 =
Th d ' ti 2yly 9 I Y
ermodynamic energy equation 0o N 1 = j
” T ‘ TN -~
Bottom boundary condition o (¢ n) 0 o ( épan
Five unknowns A(o)h H3RY

Wallace and Hobbs, 2006 bandsg need to be parameterized
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Primitive Equations and General Circulation

Baroclinic instability and waves

22
Wallace and Hobbs, 200



Atmospheric Circulation

May 04, 2010

Sourcehttps://svs.gsfc.nasa.gov/4148




CharacteristicTime Scales of Horizontal Transpor

U~10ms$
V~ 1ms

A !
,_/_& A Equator
1 year ILjfﬂﬂ {ij::>
Y

Jacob, 1999
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Vertical Transport Processes

Largescaleverticalmotion: w~1cm 3

A Time from surface to tropopause (10 km) ~ 11 days

Molecular Diffusion 9AyadSAyQa Sldzr GA2y T CA O]

R BN 6 /)
© &0 Y0~ F = diffusion flux
‘ ‘ n, = numberdensity of air
O O r]_ D,= 0.2 crAs? C = mixing ratio
N

A At surface w/ [, it takes about 1 month to move 100 m !
A Only important above 100 km (0.01Pg

Jacob, 1999

25



Vertical Transport Processes

r ol .. (YO

Turbulence O ¢ 0 — Yo

)

K;=2x 10cn¥ s! Trop. Mean
10?2 ¢ 10° cn? stif stable
10* ¢ 10° cn? stif neutral
10° ¢ 107 cnm? s'tif unstable

A Static Instability (, * . distribution)
A Mechanical Instability (wind shear)

U Boundary layer mixing:w~1ms
U Convection (dry & moist)yw~1m s

26




Staticlnstabllity

For Unsaturated Air

Stable: m<m (i.e.,
Neutral: m=m (.e.,
Unstablexm>m (i.e.,

Q )] pT— p

Increases with height)
Increases with height)
Increases with height)

Forsaturated air

Stable: m<ng 3

Neutral: m=rg 0 (HD—CLY)
Unstablem>ng
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Mixing In the Lower Troposphere
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Mechanical Instability

Causes:

U Friction (e.g., by Earth surface)

U Barrier (e.g., by buildings, mountains)

U Wind shear (i.e KelvigHelmholtz instability)

29




Characteristic Time Scales of Vertical Transport
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StratosphereTroposphere Exchange
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Regional Transport and Transformation Affecting Beijin

PM10flux z=180m 710Z05APR2005

ug,/m?

An etal., ACP 2007 32



Regional Transport and Transformation Affecting Beijin
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Atmospheric PM ; Transport Affects Beijing

{ 2dz2NDSa 27T,¢.

(. H T 2014)

Outside
(28-36%)

SASXeAMOStaa 2 F,; .
(. H T 2018)

(26-42%)

Transportation

E

E 26%42%
X [ 115150>g/m3€ E 34%50%
[ 1 150>g/m3€ E 55%75%

o<




LYONBlFIaAay3a wz2fS 2F ! GY23alL

{ 2dzNDSa 2F,.(.SASAYyBH®H t a

A HE K
58% +16%

3%
100%

~o- T Lk
ot 64+8%
V 32 4% in 2014 ( \ ) 60% _ 39+18% 47+14%/.
V 34 8%in2018 M ) ml

V 42 16%in2021 M )

20%

0% L

HRX Brh s BRI



Severe Regional PM Pollution Transport to Beljin
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Severe Regional PM Pollution Transport to Beljin

»ure

TransportRNA Sy INBRGOK 2F . WQa

— R BRI Y — Kit— M — B — Mk — AW — LK — A

DaEaE | T
44} ’&ﬁ o ST
LIRS AT IR

iy W~ ewhnsys
3B 108 2361887 24E28f 246108 248188 25H20f 258108 256188 26828 266 108 g{:‘ 2 E
. 3\

10w 24n 13 H-261 14HI N3 ¢ !
77%1 TA CE 35%1 E 18%1 -
CE | Q3 M “

https://www.sohu.com/a/820625924 204474

37



Key Roles of Local Production and Atmospheric Transpor

Contribution percentage (%)

Ozone Pollution over Central China
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Two-way Transport of PM. Between NCP and YRI
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Large Impact of Transport to Summer Ozone over NCP +
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PM Transport Between Asian Countries
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Transboundary Sources of Ozone over Tibetan Plateal

Ozone sources
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Transport into Asian Tropical UTLS
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