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A serious regional pollution problemA serious regional pollution problem

Need for The Study (1)Need for The Study (1)

Worsening trendWorsening trend：：Acid rain falls on 30% of landAcid rain falls on 30% of land
Economic loss of 110 billions RMBEconomic loss of 110 billions RMB

•• Expand to the northExpand to the north

•• %% ofof citiescities withwith pHpH 44..55 isis increasingincreasing

Cities with rain pH < 4.5Cities with rain pH < 4.5
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Increasing poor visibility days

T. Wang, et al, 2005

Rising demand for energy

SO2 productionSO2 production
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Alkaline particles emissions decreased

Alkaline pollutants over China
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High Concentrations （NH4
+：3-5 times，Ca2+：10 times）

Neutralization of Ca2+：pH increase，North China 0.8-2.5，Korea 0.5- 1.5，
Japan 0.1-0.4 （Z. Wang, et al）
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ChangesChanges

SOSO22 emissionemission

Complex processes/sources involved in acid rain

Need for New Research (4)Need for New Research (4)

NHNH33
particlesparticles

VOCVOC

neutralizationneutralization

Industry, transportation

Dust, urban blowing up patciles
农业施肥
和畜牧业

Increasing NOxIncreasing NOx

Alkaline substancesAlkaline substances

Increasing oxidant concIncreasing oxidant conc

OHOH，，HH22OO22
OO33等等

chemistrychemistry

T. Wang, et al, 2005

1
2
3
4
5
6
7

S/
N

S/N＞3:Sulfate type

0.5＜S/N≤3: Mixing

S/N ≤0.5: Nitrate type

Results from EANET
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Evidence from EANET (2000-2005)
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FTP DownloadingFTP Downloading
To get data from NCEP & WMOTo get data from NCEP & WMO

Weather forecast model
MM5MM5 DiffusionDiffusionAerosolAerosol

modulemodule

Landuse/TerrainLanduse/Terrain

Nested Air Quality Prediction Modeling System 
(NAQPMS)

Nested Air Quality ModelNested Air Quality Model
(NAQM)(NAQM)

Advection   Advection   
ConvectionConvection

Dry/Wet Dry/Wet 
Deposition Deposition 

EmissionEmission

ChemistryChemistry
(CBZ/RADM2)

NOx,VOC,CONOx,VOC,CO

SOx, Dust DeflationSOx, Dust Deflation

ConcentrationsConcentrations DepositionsDepositions

Model domain and MM5 solution

Horizontal resolution：45km

Grids：144×108

Vertical layers：23

Year: 2004

Focus on: Precipitation and Winds

Solution
显式水汽方案
（IMPHYS）

（MPHYSTBL）
积云参数化
（ICUPA）

PBL方案
（IBLTYP）

幅射方案
（IFRAD）

地表温度案
（ISOIL）

浅积云方案
（ISHALLO）

I 4 0 3 5 0 1 0

II 5 1 2 5 4 1 1

III 4 1 2 5 2 1 1

IV 4 0 3 5 2 1 1

Focus on: Precipitation and Winds
Comparison with observations

Solution I: Best choice

Precipitation modification in the model
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NAQPMS Settings

Horizontal resolution and grids: 
Same as MM5

Vertical: from surface to 15 km 
(ABS) into 20 levels (50m)

Emissions: 
China: Tsinghua UniversityChina: Tsinghua University
Other countries: David Streets
Resolution：0.1o×0.1o 

22 species

Simulation：Dec. 15, 2003 – Dec. 
31, 2004, with 15days spin-up

Outputs: hourly results

Model Validation with EANET Observations (1)

40

60

u

0

20

40

60

H
ed

o

0

20

40

60

O
ga

sa
w

ar
a

0

20

40

60

Yu
su

ha
ra

Mod
Obs

0
0.4
0.8
1.2
1.6

Se
do

-s
ek

i

0
1
2
3
4

C
he

ju

0
1
2
3
4
5

H
an

oi

Mod
Obs

1 2 3 4 5 6 7 8 9 10 11 12
Month

0

20

40

60

R
is

hi
ri

0

20

40

60

Ta
pp

i

0
20
40
60
80

O
ki

0

20

40

C
he

ju

O3

1 2 3 4 5 6 7 8 9 10 11 12
Month

0
4
8

12
16
20

W
ei

sh
ui

yu
an

0
4
8

12
16

Xi
an

gz
ho

u

0
0.4
0.8
1.2
1.6

O
ki

0
0.2
0.4
0.6
0.8

Ta
pp

i

0

SO2

15
20
25

po

0
10
20
30
40

Yu
su

ha
ra

0
20
40
60
80

K
an

gh
w

a

Mod
Obs

2
3
4

re
lj

0
0.4
0.8
1.2
1.6

2

H
ed

o

0
0.5

1
1.5

2
2.5

C
he

ju

0
10
20
30
40

H
an

oi

Mod
Obs

Model Validation with EANET Observations (2)

1 2 3 4 5 6 7 8 9 10 11 12
Month

0
40
80

120
160

Ji
ny

un
sh

an

0
20
40
60
80

Xi
an

gz
ho

u

0
5

10
15

H
ap

p

PM10 1 2 3 4 5 6 7 8 9 10 11 12
Month

0

0.4

0.8

1.2

R
is

hi
ri

0
0.4
0.8
1.2
1.6

Ta
pp

i

0
0.4
0.8
1.2
1.6

2

O
ki

0
1
2

Te
re

NH3

Wet deposition: Model validations
ia

o
ha

n
ha

n
ua

n
oz

i
w

en in
g

ho
u

on
g

hi
ri

sh
i

pp
i

ek
i

pp
o

ok
i

ar
a

ed
o

jir
a

ry
u

hw
a

ej
u

m
si

l
no

i
in

h

0.1

1

10

SO
42-

Obs
Mod

0.1

1

10

N
O

3-

0.1

1

10

N
H

4+

yi
nq

ia
o

un
sh

an
hi

zh
an

ui
yu

an
jiw

oz
i

ng
w

en
ao

pi
ng

ng
zh

ou
an

do
ng

ris
hi

ri
ch

iis
hi

ta
pp

i
do

-s
ek

i
ha

pp
o

ok
i

su
ha

ra
he

do iji
ra

ba
nr

yu
ng

hw
a

ch
ej

u
im

si
l

ha
no

i
a_

bi
nh

1

10

100

SO
42-

Obs
Mod

1

10

100

N
O

3-

1

10

100

N
H

4+

January April

gu
an

yi
nq

jin
yu

ns
h

sh
iz

h
w

ei
sh

ui
yu jiw

ho
ng

w
xi

ao
p

xi
an

gz
h

zh
ux

ia
nd

o
ris

h
oc

hi
is ta
p

sa
do

-s
ha

p

yu
su

ha he ij
ba

nr
ka

ng
h ch im ha
n

ho
a_

bi

gu
an

y
jin

yu s
w

ei
sh

u

ho xi
a

xi
an

zh
ux

ia oc

sa
d

yu
s b

ka ho
a

gu
an

yi
nq

ia
o

jin
yu

ns
ha

n
sh

iz
ha

n
w

ei
sh

ui
yu

an
jiw

oz
i

ho
ng

w
en

xi
ao

pi
ng

xi
an

gz
ho

u
zh

ux
ia

nd
on

g
ris

hi
ri

oc
hi

is
hi

ta
pp

i
sa

do
-s

ek
i

ha
pp

o
ok

i
yu

su
ha

ra
he

do iji
ra

ba
nr

yu
ka

ng
hw

a
ch

ej
u

im
si

l
ha

no
i

ho
a_

bi
nh

1

10

100

SO
42-

Obs
Mod

1

10

100

N
O

3-

1

10

100

N
H

4+

gu
an

yi
nq

ia
o

jin
yu

ns
ha

n
sh

iz
ha

n
w

ei
sh

ui
yu

an
jiw

oz
i

ho
ng

w
en

xi
ao

pi
ng

xi
an

gz
ho

u
zh

ux
ia

nd
on

g
ris

hi
ri

oc
hi

is
hi

ta
pp

i
sa

do
-s

ek
i

ha
pp

o
ok

i
yu

su
ha

ra
he

do iji
ra

ba
nr

yu
ka

ng
hw

a
ch

ej
u

im
si

l
ha

no
i

ho
a_

bi
nh

0.1

1

10

100

SO
42-

Obs
Mod

0.1

1

10

100

N
O

3-

0.1

1

10

100

N
H

4+

July October

Seasonal variation of NH3 Seasonal variation of PM10



2009/10/20

4

Annual wet deposition over East Asia (2004) Seasonal Variation  of SO4
2- wet deposition

Seasonal Variation  of NO3
- wet deposition Seasonal Variation of NH4

+ wet deposition

Percentage of NH4
+ in cations

20

30

40

50

37

21

36

25

41 42

29
27 28

32

20

36

44

34

24 22

%

G
ua

ny
in

qi
ao

W
ei

sh
ui

yu
an

Xi
ao

pi
ng

Zh
ux

ia
n 

C
av

er
n

Te
re

lj
M

on
dy

Irk
ut

sk
Li

st
vy

an
ka

Pr
im

or
sk

ay
K

an
gh

w
a

C
he

ju
Im

si
l

H
an

oi
H

oa
 B

in
h

R
is

hi
ri

Ta
pp

i
Sa

do
-s

ek
i

O
ki

B
an

ry
u

Yu
su

ha
ra

H
ap

po Iji
ra

H
ed

o
O

ga
sa

w
ar

a

0

10 7 6 5 3

10 12

2 2

Definition of NH4+ naturalization in precipitation

0.9

1.2
Spring
Summer
Autumn
Winter

[ ]
[ ] [ ]−− +

=
3

2
4

)(
NOSO

XiXiNF

gu
an

yi
nq

ia

w
ei

sh
ui

yu
a

xi
ao

pi
ng

zh
ux

ia
nc

av

te
re

lj

m
on

dy

irk
ut

sk

lis
tv

ya
nk

a

ka
ng

hw
a

pr
im

or
sk

ay

ch
ej

u

im
si

l

ha
no

i

ho
ab

in
h

ris
hi

ri

ta
pp

i

sa
do

se
ki ok
i

ba
nr

yu

yu
su

ha
ra

ha
pp

o

iji
ra

he
do

og
as

aw
ar

a

0

0.3

0.6

Winter
AveNF



2009/10/20

5

氨对降水pH值作用
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中国南部降水pH值上升：0.4-0.7

日本南部降水pH值上升：0.1-0.3
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Model results of NH4+ of neutralization in January

South China and South Japan Increased：0.3

Model results of NH4+  of neutralization in July
Tagged method

将模拟区域划分成40个区域，其中国内区域划分按行政单位设置。

Results

• A regional air quality model NAQPMS (Nested Air 
Quality Prediction Modeling System) is applied in a 
full year simulation of 2004. 

• The concentration of ammonia is very high in East 
Asia and its regional and seasonal difference is 

b i A i t ti i S th Chi iobvious. Ammonia concentration in South China is 
the highest in East Asia. 

• Ammonia has great neutralization effect on acid rain. 


