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Current Regional Modeling Status

m US (global impacts)

m East Asia (03, PM2.5, acid deposition, global impacts
to Asia)

mE YRD region (03, PM2.5, acid deposition)
m Taiwan region (o3, pm2.5)
m PRD region (sulfate)

or




East Asia Regional Modeling Configuration l

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

2001, 2005 (2006) scenarios
US and Asia CMAQ Domains
m Model Setup :

NASA’'s TRACE-P and INTEX-B emission
iInventories and local emissions and GEIA
biogenic emission inventory

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

36-km, 12-km, 4-km and 40.5km, 13.5km, 4.5km
and 1.5km, 14 and 27 vertical layers

Meteorology : MM5 V3.7
CMAQ V4.5.2->V.46.1
CBO05, SAPRC99 ur



CMAQ comparison
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03 concentration vs. emperature
Layer 1 YEAR2001 => 03 AVG Layer 1 YEAR2050 => O3 _AVE
a=CMAQ_GISS_US36.2001All.avg_concOth_1 h=CMAG_GISS_US36.2050All.avg_concOth_1

50 112

40

30

20

10

0

ppbV 1
June 1,2001 1:00:00 . June 1,2050 1:00:00
Min= 5 at(23.46), Max= 45 at (101,52) Min= 5 at(23.46). Max= 49 at (129,62)
Layer 1 TEMP10m Layer 1 TEMP10n
m=GISS_US36.2001All.max n=GISS_US36.2050All.max
320.0 112 3200 112
313.4 313.4
306.8 306.8
300.2 300.2
293.6 2936
2870 2870
June 1,2001 1:00:00 June 1,2050 1:00:00

Min= 287.1 at (9,109), Max= 319.5 at (31,38) Min=287.7 at (10,109), Max= 319.2 at (28,43)



Maximum

Layer 1 YEAR2001 => 03_MAX

f=CMAG_GISS_US36.2001AlLmax_concOth_1

150.0112 1500112
125.0 1250
100.0 100.0
75.0 75.0
50.0 50.0
25.0 25.0
00 1 0.0
ppbV 1 148 ppbV

June 1,2001 1:0
Min= 24.1 at (35.16), Max=

all
71.0 at (25.497)

Layer 1 YEAR2050 => 03_MAX

i=CMAQ_GISS_US36.2050All.max_concOth 1

00

23.0 at (18,6), Ma 9 at (128,55)

Layer 1 2050 03 Max - 2001 03 Max

500 112

25.0

-25.0

-30.0 1

ppbv 148

110.1 at (128,55)

Ho
Min=-53.0 at (16,52),




45.0 112
40.0

30.0

200

10.0

00 1
ugim3

¢=CMAQ_GISS_US36.2001All.avg_concPM_1

Layer 1 YEAR2000 => PM2.5

1

Min=

June 1,2001 1:00:00

0.0 at (67,5), Max=

43.3 at (98,65)

45.0 112
40.0

30.0

200

10.0

Layer 1 YEAR2050 => PM2.5

m=CMAQ_GISS_US36.2050All.avg_concPM_1

June 1,2050 1:00:00
Min= 0.0 at (69.4), Max= 43.3 at (98.65)

ugim3 '

Layer 1 2050 PM2.5 Avg — 2001 PM2.5 Avg

8.0 112
6.4
48
3.2
1.6
-0.0
-16
-3.2
-4.8
-6.4
-8.0

Min=

Hour: 00
-8.2 at (107,43), Max=

5.6 at (115,74)



Average O3 Concentration

Mid West North East South East | Full Domain

2001 Temp AVG ~ 299.4 298.6 302.7 297.4
2050 Temp AVG ~ 300.8 300.2 303.6 298.5
Diff 1.4 1.7 0.8 1.1

Maximum O3 Concentration

Mid West North East South East  Full Domain
2001 Temp MAX 311.1 308.6
2050 _Temp_MAX 313.0 311.1

Diff 1.9 2.5
2001 _03 MAX 63.8 01.3
2050 03 MAX 66.7 98.7

Diff 2.9 7.5
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MMS5 Output Comparisons - 1

GISS Havard 20010630 00Hr_36km
W | e T

MM5 UTenn 20010701 OOHr_108km
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The Problem may be caused by the resolution of FDDA Data (4x5). The
FDDA can not capture the actual scene of GISS data.




MMS5 Output Comparisons

GISS Havard 20010630 OOHr 108km MM5 UTenn 20010701 OOHr 108km
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The Problem may be caused by the resolution of FDDA Data (4x5). The

FDDA can not capture the actual scene of GISS data.



The problem is still existed, even though 0.3 x 0.3 resolution of FDDA data
IS used. Itis believed that the land use model used in Mexico is caused the

problem
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MMS5 Output Comparisons - 4

MM5_UTenn 20010701 OOHr 108km

with 0.3 x 0.3 resolution FDDA
MM5 UT_ 20010701 OOHr_108km _newTerraininRegrid
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The problem is still existed, even though 0.3 x 0.3 resolution of FDDA data
IS used. Itis believed that the land use model used in Mexico is caused the

problem
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MMS5 Output Comparisons - 5

GISS_Havard_20010630_00Hr_108km MMS5_UTN_20010701_00Hr_108km
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MMS5 Output Comparisons - 6

GISS Havard 20010630 00Hr_ 36km
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Climatic Meteorology . . =

Wind vectors and temperature at 10 m

kkAS simulation for July 01, 2001 using G155 GCKM as inputs
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Philippine Sea




East Asia Emissions

2001 (2000)
2005 and 2006
Comparisons



a=EM_cn36_2001001, g=EM_cn36_2005010

I 50.000 97
37.500
N O 25.000
X
12.500
0.000 1
% 1 164
Hour: 00
Min=-3349.764 at (131,57), Max= 42.899 at (124,62)
1-14-layer average:Layer 14 (NOa+NO2a)*14 1-14-layer average:Layer 14 (NOq+NO2q)*14
a=EM_cn36_2001001 q=EM_cn36_2005010
I 20.000 97 20.000 97
13.000 15.000
LR 10.000
5.000 5.000
0.000 1 - .
molesfs 1 (RO OO
January 1,2001 0:00:00 molests ! 164
Min= 0.000 at(1,1), Max= 609.342 at (124,63) January 10,2005 0:00:00

Min= 0.000 at (1,1), Max= 640.505 at (124,62)



I 20.000 97
15.000

10.000

2.000

0.000 1
gfs

PSO,

1-14-layer average:Layer 14 PS04a*14

a=EM_cn36_2001001

January 1,2001 0:00:00
Min= 0.000 at(1.1), Max= 129.731 at (114,75)

16 gfs

20.000 97

12.000

10.000

2.000

0.000 1

2001 vs. 2005

1-14-layer average:Layer 14 PSO4q*14

q-EM_cn36_2005010

January 10,2005 0:00:00
Min= 0.000 at (1,1), Max= 161.468 at (100,65)

164
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Sulfate Modeling Results in Taiwan

Focus of Study: Understanding high
pressure system moved to Taiwan area

Case Study:
December, 2004 (Winter HPP case)



Main episode weather patterns in Ta

e

20

Iwan

-

=
e e -

HPPC (Hi'g"ﬁj Pressure Peripheral
Circulation pattern) :

When the Asian continental high pressure
system moves from China to the West
Pacific, its peripheral circulation blows
clockwise as to have the southeast wind
around Taiwan.

WAF (Warm area Ahead of
Front pattern) :

When the leading edge of the high-pressure
air mass, I.e., the cold front or stagnant
front gets very near Taiwan, Taiwan is
located at the warm area ahead of the front.



Main ‘%plsode weathgg%ttems in Talw
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\“7-‘.” “‘”" 77\, e nes  HPP (High Pressure Pushlng
7 NS =3 pattern) :

If the leading edge of Asian continental
high pressure systems move fast from
China to Taiwan, PM2.5 events will occur
accompanied by a prevailing strong
northeast wind which is observed at all
sites in the greater Taipei area.

TYP (TYPhoon pattern) :

When the typhoon is located south or
southeast of Taiwan, the peripheral
circulation can be the southeast wind



PM; 5 PM; 5 PM; 5 PM; 5

Weather pattern Event days Non-valid days mas min ave sd.
HPPC 122 0 103 21 52 14
WAF 98 0 98 13 49 16
HPP 53 0 101 17 53 14
TYP 34 1 90 28 46 12
WHP 17 0 69 21 44 11
PHP 15 1 66 10 40 12
WSW 12 0 54 33 44 6
other 1 0 — — 51 —
Non-event days in spring 150 2 46 8 25 9
Non-event days in summer 219 2 44 6 24 10
Non-event days in autumn 184 25 53 7 22 9
Non-event days in winter 150 10 50 7 22 9

Note: the unit of PM; 5 concentration is in ug m-3. A non-valid day is the one with fewer than 16 valid hourly values.
#

Weather pattern Jan Feb Mar Apr May June Jul Aug Sept Oct Nov Dec Total

HPPC 17 22 20 23 13 4 0 0 2 3 9 9 122
WAL 10 16 15 19 13 8 1 1 2 o 4 9 98
HPP 12 3 3 1 4 0 0 0 3 12 3 10 33
TYP 0 0 o 4 4 2 4 5 7 5 4 0 35
WHP 0 0 0 1 3 g 3 5 3 0 0 0 17
PHP 0 0 0 0 0 0 3 4 3 4 0 0 16
WSEW 0 0 0 0 0 3 2 6 1 0 0 0 12
other 0 0 0 0 1 0 0 0 0 0 0 0 1

From Chuang et al. (2007), events were defined from 2002 to 2005



Station Monitoring item Weather Effective Awrg, z.d Maz.  Min
pattern hours G
TAS PMzs (ug m) 8% 54,1 238 1483 £.5
PMz s sulfate (wg m™) 219 12.0 T2 oo 3
P s nitrate (g m) B06 2.6 2.0 14.9 0.4
PMas OC (ug m) 803 4.5 1.0 129 1.0
PMzs EC (g 1) HPF 524 1.7 0.8 8.6 1.0
TPE  Wind speed (m &1 991 3.8 1.2 7.9 2.0
Wind direction (degree) 991 a7 al — —
surface pressure (b)) 991 10201 54 1021.2 10071
FIT  “Wind speed (ms1) 1248 7.2 22 152 2.1
Wind direction (degree) 1248 29 23 — —
surface pressure (b la4a 1021.% 5.0 10328 10085
TAS PMzs ( pug m) 8200 226 114 &4.5 5.0
PMas sulfate ( wg o) To62 47 =S5 B
FM; s nitrate ( g o) 6717 14 1.1 202 0.4
PMas OC (pgm™) 6747 2.5 1.7 18.0 1.0
FMazs EC ( pg m™) non-HPP* 2142 1.7 1.2 129 1.0
TPE  Wind speed (m 51 9093 3.8 1.2 121 2.0
“Wind direction (degree) Q093 — — — —
surface pressure (b 2093 10172 5.8 10358 9689
BIT Wind speed (m s 12482 7 2.9 213 2.0
Wind direction (degree) 12452 — — — —
surface pressure (b)) 124u2 10158.4 6.0 10360 3504

#*Non-HPP time period is for days excluding June, July, August, and events time defined in Chuang et al. (2007) from

2002 to 2005.

159%



SimulatioA”domain

D4 (dx=1.33 km)
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PM, s long-range transport animation

The long-range transport
episode on 20 December > |
In 2004 was caused by a
southward high pressure.

*A huge plume formed in

China moved with the > |
leading edge of the the
southward high pressure.
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Contribution from.long-range

transport and local pollution
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(Sim-TAS - Sim-TAS (Zero T)) / Sim-TAS

If the overpredicted
nitrate Is ignored, then
local pollution
contributed about 5%
during the most
Intense influencing
period of long-range
transport.
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eLong-range transport (LRT) from China to Taiwan
occurred mainly in Fall, Winter, and Spring. PM2.5 level in
episode period reached 54.1 g m-3. which was much
higher than 22.6 g m=in non-episode period.

In the study of simulation, episode occurred when Asia
continental high pressure stretched southward to Taiwan.
Fine particles accompanied with air mass moving and
dominated air quality in Taipel.

*This study reveals that LRT from Asia continent to
Taiwan (even West Pacific countries) should be valued
and need more studies.



Sulfate Modeling Results in Hong Kong

Focus of Study. Understanding high sulfate in PRD-
HK

Two cases run:

(1) July-August, 2004 (Summer case)
2) September, 2004 (Fall case)

3) December, 2004 (Winter case)

Model settings and inputs tabulated in the last two
slices
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Presenter
Presentation Notes
Among air quality monitoring stations, only two have real-time particulate sulfate and nitrate concentration measurements.


Case: July-August 2004
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Case: Sep 2004
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Case: December 2004
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Sulfate Modeling Results in Hong Kong

Oct. case looks at month-long PM (especially
SO,) variations.

The 30-day Sept. case runs sensitivity studies
of SO,.

All cases consistently underestimate SO, and
SO..
PM, - (Sulfate PM) is still not well predicted



Next Steps — Reglonal Modellng

m Reprocess outside-GD emissions with the
most update growth rates of SO2, NOx, and
PM (Streets’s 2005 and 2006)

m Analysis and sensitivity studies
m Additional model assessment in PRD
m Shanghal AQ modeling — meteorology

m High pressure system effects in Taiwan
Islands

s WRF-CMAQ



ks

Next Steps — Scale of MICS and HTAP

m Evaluate the effects of resolution & BCs
(ensemble data) on regional ozone and PM
predictions.

m Analyze ozone and PM concentration metrics
for Global CTM and Regional CTM
calculations.

m Calculate import and export fluxes (across
altitude & longitudes) for Global CTM and
Regional CTM calculations.

m Explore subregional domestic perturbation
experiments
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