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Models-3/CMAQ Study Domains

Domain :
Great China
Region

Grid Resolution :
36-/12-/4-km
(Nested Modeling)

Episode :
January, 2001
July, 2001
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Chma National/Regional Modeling Configuration l

m Features : Models-3/CMAQ One-Atmosphere
(multi-pollutants) Modeling

2001 January and July cases
Nationwide, East China/Beijing CMAQ Domains

m Model Setup :

NASA’s TRACE-P emission inventories and
Beijing local emissions and GEIA biogenic
emission inventory

Emissions Processing: Spatial allocation
(GIS/Gridding), Temporal, speciation needed for
the M3/CMAQ simulations

36-km (164x97), 12-km (175x211), and 4-km
(160x142), (90x90), ( ), 14 vertical layers

Meteorology : MM5 V3.6.2
CMAQ 4.4 ur



----------------------------------------- 4th Annual CMAS Models-3 User's Conference September 26:28, 2005 Chapel Hill, NC

Chemical Speciation

Trace-P MW CBIV(22)
No Pollutant Mapping from Trace-P to CB4
1 Ethane 30.0 2*[9] + 2.5*[16] + 1.5*[31] ALD2
2 Propane 44.0 [23] CO
3 Butanes 58.0 [6] ETH
4 Pentanes 72.0 [15] FORM
5 Other Alkanes 86.0 [30] ISOP
6 Ethene 28.0 [27] NH3
7 Propene 40.0 0.9*[21] NO
8 Terminal Alkenes 56.2 0.1*[21] NO2
9 Internal Alkenes 56.2 1.6*[1]+1.5*[2]+1.5*[10]+[24]+0.5*[32] NR
10 Acetylene 26.0 [71+[8] + 0.5*[32] + 0.5*[31] OLE
11 Benzene 78.0| 0.4*[1]+1.5*[2]+4*[3]+5*[4]+6*[5]+[7]+2*[8]+1.5*[10]+8.5*[32]+[11]+4*[17]+1.33*[19]+6*[31] |PAR
12 Toluene 92.0 [25] PEC
13 Xylenes 106.0 [29]-[28] PMC
14 Other Aromatics 117.0 [28]-[25]-[26]-PNO3-PS0O4 PMFINE
15 HCHO 30.0 [28]*x PNO3
16 Other Aldehydes 88.0 [26] POA
7 Ketones 126.0 [28]*x PSO4
18 Halocarbons 150.0 [20] S0O2
19 Other 72.0 0.02*[20] SULF
20 SO2 64.0 [31] TERPB
21 NOx 46.0 [12] + 0.5*[14] TOL
22 CO2 44.0 [13] + 0.5*[14] XYL
23 CO 28.0
24 CH4 16.0
25 BC 12.0
26 oC 12.0
27 NH3 17.0
28 PM2.5 Note: x will depend on sectors of SCC
29 PM10
30 ISOP (biogenic,GEIA) 5 carbons
31 TERP (biogenic,GEIA) |10 carbons
32| Other VOC (biogenic,GEIA) |10 carbons

or
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‘ Beijing NOx Em|SS|ons (4kmx4km) ‘

TRACE-P EMISSION Beijing Replaced EMISSION
b=EM_cn4_B_2001196 c¢=EM_cn4BR_2001196
I 0.10 90 I 0.10 90
0.08 0.08
0.05 0.05
0.03 / - 0.03 F .
000 000
molesfs 1 molesfs 1
il July 15,2001 6:00:00 il July 15,2001 6:00:00
HENE Min=0.00 at(20,64), Max= 5.91 at(80,38) HENE Min=0.00 at(20,64), Max= 5.91 at(80,38)
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Shanghal NOx Emissions (4kmx4km) ‘

TRACE-P EMISSION
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Min= 0.000 at(72,30), Max= 6.338 at (48,81)

Shanghai Replaced EMISSION
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Power Plant Location between TRACE-P and

Beljing Emissions

TRACE-P EMISSION

t=EM_cnd4_B_2001196

I 0.500 90 —r—= —

0.375

0.250

0.125

0.000 4
molesfs i a0

s July 15,2001 §:00:00
MERC Min= 0.000 at(1,1), Max= 16.476 at (80,38)

I 0.500 90 ——=— o

Beijing EMISSION

u=EM_cn4BR_2001196

0.375

0.230

0.125

0.000 1
molesfs 1 90

s July 15,2001 6:00:00
HERC Min= 0.000 at (1.1), Max= 16.476 at (80,38)
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July 15,2001 6:00:00
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HERE Min= 0.063 at (34,4), Max= 9.034 at (14 89S
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¥
China National/Regional Modeling (Nesting):

PM2.5 (Jan)
36-km 12-km 4-km

e=CCTM_PO16 L1436 conc EPISODIC_AVG2001Jan04 00-2001Jan21 M. POG18 L14.en1z.conc.EPISODIC AVG.2001Jan0d 00-2" oo -cnBR conc EPISODIC_AVG.2001.an0400-2001

1 ==

I 150.00 97 150.0
11250
75.00
750 | 0.00
: . ugim3 1 90
| [e PAVE January 4.2001 0:00:00
! Wi Min- 6.15at(48,89), Max- 220,54 at (36.42)
000 1
ugfm3 1 Iy g3 ] 175
File January 42001 0:00:00 POVE

January 4,2001 0:00:00

1 - - h .
I Min=0.51 at(33,54) b= 180092 (12.37) Wk Min= 1.65at(1,211), Max= 168.84 at (40,105)

or
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Quallty Modellng Assessment In Beljlng
(base case- July 2001)

1=CCTM_P0816_L14.cnd_B.combine.conc.2001July0d4_00-2

120.00090

890.000

60.000

30.000

0.000 1
ppbV
FAVE

b
HEﬁE

Min= 8.055 at (67,14), Max= 127.577 at (39,47)

Ozone

j=CCTM_P0816_L14.cndBR.cmbn.conc.2001Jun2é_01-2001Au¢
120.00 90

80.00

60.00

30.00

0.00 1

1 90  ppb¥ 1

July 15,2001 6:00:00

90

July 15,2001 6:00:00
Min= 8.38 at (56.18), Max= 126.79 at (39.46)
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(July, 2001, monthly max.) or
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g=cndB0.cmbn.conc.2001Jun26 01-2001Aug01_00

100.00 90
75.00
20.00
25.00
0.00

1
ppb¥ 1 a0

July 12,2001 0:00:00
Min= &.13 at(81.38), Max= &0.82 at(74.2)
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December 31,2000 16:00:00 June 30,2001 16:00:00
Min= 29.643 at (48,81), Max= 202.050 at (102,64) Min= 33.6 at(104,22), Max= 155.5 at (36,79)

(monthly max.) ur
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Monthly Max O3 (2001 July )
Regional transport + Local Emissions Regional Transport
Local Emission Contribution

j=¢n4BR.conc.EPISODIC_MAX.2001Jul01_00-2001Aug®816_L14_SBD.cndBR.conc.EPISODIC_MAX.2001July01 00~ k=cn4B0.conc.EPISODIC_MAX.2001Jul01_00-2001Aug0

160.00 90 ———= 160.00090 —r=> 160.00090 s
.
e, .® i
120.00 120.000 120.000 -
80.00 80.000 F" 80.000
40.00 40.000 40.000
0.00 1 0.000 — _ 0.000 4
ppbv 1 g0 Ppb¥ 1 90 ppbV 1 90
July 1,2001 0:00:00 July 1,2001 0:00:00 July 1,2001 0:00:00
Min= &1.04 at (56,18). Max= 182.67 at (36.54) Min= 48.990 at (56,18), Max= 157.274 at (35.55) Min= 57.445 at (21,78), Max= 153.194 at (65,13}

Modeling Nesting Clean Air BC Remove Beijing
Emissions
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Beijing Regional Modeling: PM 2.5 Speciation (Jan)

Sulfate PM

Os=cn4BR.EP|SOD|(:_AVG.zooonec27_o1—2001Feb01_00

I 30.00 90

22.50

15.00

0.00 1
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Y
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kMin= 0832 at3789% Mav= 2939 at 143 12}

Nitrate PM
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January 1,2001 0:00:00
Min= 0.21 ati{37.89). Max= 15.849 at (411,41}
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Beijing Regional Modeling: PM 2.5 Speciation (July)
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Beijing Regional (4-km) Modeling: PM 2.5

July

75 ug/ms3

(i=cn4BR.EPISODIC_AVG.2001Jul01_00-2001Aug01_00

iy

I 75.00 90

26.25

37.50

18.75

0.00 1
ugfms3 1 a0

July 1,2001 0:00:00
Min= 13.97 at(1,90), Max= 115.59 at (36.42)

(Jan./July, 2001, Monthly avg.)

120 ug/m3 January

+=¢i14BR.EPISODIC_AVG.2000Dec27 01-2001Feb01 00
I 120.00 90

90.00

§0.00

30.00

January 1,2001 0:00:00
Min= 5.70 at(37,89), Max= 198.56 at (36,42)

or



Shanghai Regional (4-km) Modeling: PM 2.5

10 ug/m3

I 25.000018
19.091

13.181

7.272

1.362 1
ugfm3

July

70 ug/ms

1

June 30,2001 16:00:00

Min= 1.362 at(129,13), Max= 29.239 at (36.79)

136

I 80.000018
63.640

q47.280

30.919

14559 1
ug/ms3

January

4th Annual CMAS Models-3 User's Conference September 26528, 2005 Chapel Hill, NC

1

December 31,2000 16:00:00

136

Min= 14.559 at (134,113), Max= 105.146 at (35.76)

(Jan./July, 2001, Monthly avg.) ur
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PM25 composition in Beijing (January 2001, cn4BR)

Episoc Avg = 104 ug/m3 .. PM25 CompOSI'[IOH
In Beijing (Jan.)

Q her MS/CMAQ (4'km)
42%

January 2001
PM2.5: 104 (ug/m?)

PM25 composition in Beijing (July 2001, cn4BR)

Episoc Avg = 81 ug/m3

PM2.5 Composition
In Beijing (July)

M3/CMAQ (4-km)
July 2001
PM2.5: 81 (ug/m3) 1% pod 16%

10%

or



e

28

4th Annual CMAS Models-3 User's an_ﬁggence September 26:28, 2005 Chapel Hill, NC

PM2.5 composition in Shanghai (Jan 2001, crdSR)
Episode Avg=64.1ug/m3

’ /e

19/ 18/

NH4
13%

21%

- PM2.5 Composition
In Shanghai (Jan.)

M3/CMAQ (4-km)
January 2001
PM2.5: 64 (ug/m3)

PM2.5 Composition
In Shanghai (July)

M3/CMAQ (4-km)
July 2001
PM2.5: 12 (ug/m3)

PM2.5 composition in Shangha (July 2001, cdSR)
Episode Avg=12.3ug/m3

oc Other NH4
cC 1% 4% 18%

NO3
6% sS4
47%

or
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Monthly AVG PM2.5 (2001 July )

LY

Regional transport + Local Emissions Regional Transport
Local Emission Contribution
n=cn4BR.EPISODIC_AVG.2001Jul01_00-2001Aug01_00 5516 | 14 SBD.cnd4BR.conc.EPISODIC_AVG.2001Julydl_00-2 p=cn4B0.EPISODIC_AVG.2001Jul01_00-2001Aug01_00
75.00 80 I 75.000 90 I 75.00 90
8.2 56.250 56.25
37.50 37500 37.50
18.75 18.750 18.75
ug;m%m L %0 0.000 1 . 0.00 1
July 1,2001 0:00:00 ugin ! % ugim3 ! %0
. . o July 1,2001 0:00:00 July 1,2001 0:00:00
Min= 1397 at (1.90). Max= 115.59 a1 (36.42) Min= 1.551 at (go,u Max= 91.388 at (36,42) Min- 11.08 2t (34.90), Max- 5120 at (142)

Modeling Nesting Clean Air BC Remove Beijing
Emissions

or
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PM 2.5 Da|ly MAX Animation
(Remove Beijing Emissions, 2001 July )

m=cn4B0.DAILY MAX.2001Jul01_00-2001Aug01_00
I 100.00 90

#5.00

20.00

25.00

0.00 1
ug/im3

July 1,2001 0:00:00
Min= 2.30 at (15,38). Max= 193.52 at (37.9)
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CMAQ vs. Obs. PM 2.5 Weekly Average

FNZ2.5 Weekly Average
Jan and July 2001

R

O Observation

B CHAQ

1/11- 1/18- T/12- T7/26-
1/18 1/29  T7/19 8/2

Date

Monitoring data at cell (41,46) : Tsinghua University
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CMAQ vs. Obs. PM 10 Dally Average

January

350 -
300 -

250

July

——PM10 API
—a—PML10 modeling

250

—i— Observation
—4— simulation

o "' .,-r'- .,.:-l-..-'-‘:—.

PM10 Concentration (ug/m 3)

200 /\
150 A A A

100
50 -
0

APV AR
\)W

Concentration{og m-3)
g

<
<
E

O QR QDD RDRDRDNADADDDD
WA EPAMSAN Q Q” Q Q QK Q 8 Q Q
\'\' {5 NS Q Y \\\\\?}\\@\\\1\\ \'\0} ’\/\\'\@\\@\\}/\\QW\ >

=

Date

Source : PM10 API Concentrations from Beijing Municipal Environmental Monitoring Center
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Beijing Urban Modeling: Deposition

Sulfur Deposition  Nitrogen Deposmon
I 50 90 =z — :

3.8

I 3.0 90 r—‘_q.-- r

2.6
(Jan., 2001, 15
Monthly sum.)
1.5
I 09 e
Layer 1 TDEP TOT Nr
03 = 3
k,?;k:éa ! o 901_oo r=cndBR.EPISODIC_SUM.2001Jul01_00-2001Aug01_00
January 1,2001 0:00:00
HeHe Min= 0.3 at(22,72). Max-_ 8.5 at (80,38 I 15.00 90
7.50 11.25
5.00 (JUIy, 2001, 750 |
Monthly sum.) 2
! 2.50 ! 3.75
0.00 4 0.00
kgfha 1 90 kgfha

July 1,2001 0:00:00 July 1,2001 0:00:00
Min= 0.43 at(19,90), Max= 29.27 at(80,38) Min= 1.31 at(33.88), Max= 20.89 at (51.42)
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Beijing Urban Modeling: VIsIbility

Laver 1 DCV Recons .
Y - Visual Range Parameters:
s=cn4BR.EPISODIC_AVG.2000Dec2? 01-2001Feb01_00

I 40.00 90 = “‘ o Deciview (dV) :
- dV =10In (b /0.01),
b [km-] : extinction coeff.

Koschmieder Visual Range :
Vr=391/b [km]

30.00

20.00

10.00

dVv Vr[km] B [km?]

deciview L l 90 60 10 40
Min= 12.?#1??35&&]?%&30%923 at (43.42) 40 72 055
20 53 0.07
10 144 0.03
0 391 0.01

(January, 2001, Monthly avg.) ur
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Beijing Urban Modeling: VIsIbility

Layer1 DCV _Reconn —y/isyal Range Parameters:

n=cn4BR.EPISODIC_AVG.2001Jul01_00-2001Aug01_00

I 4000 90 Py = Deciview (dv) :
dv =101In (b /0.01),
0 b [km-] : extinction coeff.
. Koschmieder Visual Range :
: Vr=3.91/b [km]
dv.  Vr[km] B [km]
decifi'g?, 11 B 60 1.0 4.0
Min= 15.43‘;?}5;,11'92]?0&&20?50.26 at (90,25) 40 72 055
20 53 0.07
10 144 0.03
0 391 0.01

(July, 2001, Monthly avg.) ur



Su m mary
The successful application using “One Atmosphere”

CMAQ modeling system for Beijing regional air quality
modeling

Emissions: Investigate Trace-P Asian emissions and
apply Beijing and Shanghai local emissions, especially
NOx, SO2 and VOC emissions, e.g., ALD2, OLE, PAR.

The use of monitoring data is essential to against
CMAQ modeling results (O3, PM2.5, PM10) in Beijing
and Shanghali

CMAQ model performance is acceptable for PM25 in
Beijing but ozone concentrations are under predicted

VOC found that it may be underestimated in China

or
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