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Current Regional Modeling StatusCurrent Regional Modeling Status

US and East Asia (global impacts)

East Asia (O3, PM2.5, acid deposition, global impacts 
to Asia)

YRD region (O3, PM2.5, acid deposition)

Taiwan region (O3, PM2.5)

PRD region (Sulfate)



East Asia Regional Modeling ConfigurationEast Asia Regional Modeling Configuration
Features : Models-3/CMAQ One-Atmosphere 

(multi-pollutants) Modeling
2001, 2005 (2006) scenarios
US and Asia CMAQ Domains

Model Setup :
NASA’s TRACE-P and INTEX-B emission 
inventories 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.4.6.1
CB-IV, CB05, SAPRC99



CMAQ comparison

2001 GISS data
2050 GISS data



OO33 concentration vs. Temperatureconcentration vs. Temperature



Maximum OMaximum O33



PMPM2.52.5



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 311.1 308.6 309.9 305.6
2050_Temp_MAX 313.0 311.1 310.8 307.2
Diff 1.9 2.5 0.9 1.7

2001_O3_MAX 63.8 91.3 81.6 58.4
2050_O3_MAX 66.7 98.7 79.7 58.5
Diff 2.9 7.5 -1.9 0.1



Comparison between 2050 and 2001 (2050 Comparison between 2050 and 2001 (2050 –– 2001)2001)
Max Temp. & Max O3 Conc.



MM5 Output Comparisons - 1
GISS_Havard_20010630_00Hr_36km MM5_UTenn_20010701_00Hr_108km

 

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



MM5 Output Comparisons - 2
GISS_Havard_20010630_00Hr_108km MM5_UTenn_20010701_00Hr_108km

 

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



 

MM5 Output Comparisons - 3
GISS_Havard_20010701_00Hr_108km

MM5_UTenn_20010701_00Hr_108km 
with 0.3 x 0.3 resolution FDDA

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

 



MM5 Output Comparisons - 4
MM5_UT_20010701_00Hr_108km

MM5_UTenn_20010701_00Hr_108km 
with 0.3 x 0.3 resolution FDDA 
_newTerrainInRegrid

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

  



MM5 Output Comparisons - 5
GISS_Havard_20010630_00Hr_108km MM5_UTN_20010701_00Hr_108km



GISS_Havard_20010630_00Hr_36km MM5_UTenn_20010701_00Hr_36km

MM5 Output Comparisons - 6



Climatic MeteorologyClimatic Meteorology



3636--kmkm

1212--kmkm
44--kmkm

Models-3/CMAQ Study Domains



East Asia Emissions
2001 (2000)
2005 and 2006
Comparisons



NOx
2001 vs. 2005



PSO4 2001 vs. 2005



2(a) 2(b)

2(c) 2(d)

2001 vs. 2006



Shanghai Map (on-going)



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

Case Study:
December, 2004 (Winter HPP case)

Sulfate Modeling Results in Taiwan



Main episode weather patterns in Taiwan
HPPC (High 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. 



HPP (High Pressure Pushing 
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 

Main episode weather patterns in Taiwan



From Chuang et al. (2007), events were defined from 2002 to 2005
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Simulation domain
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09:00 on day19



PM2.5 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.



Contribution from long-range 
transport and local pollution
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overpredicted

If the overpredicted 
nitrate is ignored, then 
local pollution 
contributed about 5% 
during the most 
intense influencing 
period of long-range 
transport.



•Long-range transport (LRT) from China to Taiwan 
occurred mainly in Fall, Winter, and Spring. PM2.5 level in 
episode period reached 54.1μg m-3.  which was much 
higher than 22.6μg m-3 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 Taipei. 

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

Summary



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

Sulfate Modeling Results in Hong Kong



Pearl River Delta And Hong Kong

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



PM10
Tsuen Wan
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Case: December 2004
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Oct. case looks at month-long PM (especially 
SO4) variations. 
The 30-day Sept. case runs sensitivity studies 
of SO4. 
All cases consistently underestimate SO4 and 
SO2.
PM2.5 (Sulfate PM) is still not well predicted

Sulfate Modeling Results in Hong Kong



Next Steps – Regional Modeling
Reprocess outside-GD emissions with the 
most update growth rates of SO2, NOx, and 
PM (Streets’s 2005 and 2006)
Analysis and sensitivity studies
Additional model assessment in PRD
Shanghai AQ modeling – meteorology
High pressure system effects in Taiwan 
islands
WRF-CMAQ



Next Steps – Scale of MICS and HTAP

Evaluate the effects of resolution & BCs
(ensemble data) on regional ozone and PM 
predictions. 
Analyze ozone and PM concentration metrics 
for Global CTM and Regional CTM 
calculations.
Calculate import and export fluxes (across 
altitude & longitudes) for Global CTM and 
Regional CTM calculations.
Explore subregional domestic perturbation 
experiments
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