
Projected	  concentra,on	  with	  the	  frac,onal	  perturba,on	  from	  the	  base-‐case	  simula,on	  
can	  be	  es,mated	  by	  a	  Taylor-‐series	  expansions.	
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The	  response	  of	  tropospheric	  ozone	  (O3)	  to	  emissions	  reduc,ons	  at	  various	  levels	  in	  
mainland	   China,	   Korea,	   and	   Japan	   were	   comprehensively	   inves,gated	   by	   higher-‐
order	  decoupled	  direct	  method	  (HDDM)	  for	  sensi,vity	  analysis	  and	  the	  ozone	  source	  
appor,onment	  technology	  (OSAT)	  for	  mass	  balance	  analysis.	

l  Ozone	  source	  appor3onment	  technology	  (OSAT)	  

Fig.	  1.	  Model	  domain	  with	  source	  regions	  (China,	  Korea,	  and	  Japan)	  	  
and	  receptor	  sites	  (Hedo,	  Oki,	  and	  Sadoseki).	  

Emission	  source	  contribu,ons	  for	  O3	  was	  comprehensively	  evaluated,	  and	  to	  address	  the	  limita,on	  of	  the	  treatment	  of	  NO	  ,tra,on	  in	  OSAT,	  	  
PO	  was	  introduced.	  The	  proposed	  approach	  with	  PO	  refined	  OSAT	  ability	  and	  did	  not	  degrade	  HDDM	  performance.	  

Evalua3on	  of	  emission	  source	  contribu3ons	  for	  tropospheric	  ozone	  over	  East	  Asia	  based	  on	  HDDM	  and	  OSAT	  on	  CAMx	  model	  
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l  Higher-‐order	  decoupled	  direct	  method	  (HDDM)	  

・ Comprehensive	  air-‐quality	  model	  with	  
	  	  	  	  exten,ons	  (CAMx)	  regional	  model	  

ü 	  80	  km	  horizontal	  grid	  resolu,on	  
ü 	  37	  ver,cal	  	  layers	  upto	  50	  hPa	  
ü 	  SAPRC99	  gas-‐phase	  chemistry	  

	  

・	  Severe	  pollu,on	  event	  during	  1-‐16	  May	  2009	  

Table	  1.	  Summary	  of	  the	  ability	  of	  DDM,	  HDDM,	  and	  OSAT	  to	  es,mate	  source	  contribu,ons	  for	  O3	  and	  PO.	  

Fig.	  3.	  Spa,al	  distribu,on	  of	  O3	  source	  appor,onments	  to	  (a)	  China,	  (b)	  Korea,	  and	  (c)	  Japan	  
es,mated	  by	  (le_)	  BFM,	  (center)	  HDDM,	  and	  (right)	  OSAT	  averaged	  over	  10-‐11	  May	  2009.	  

l  Brute	  force	  method	  (BFM)	  
The	  chemical	  concentra,on	  with	  input	  parameter	  A	  varied	  is	  calculated	  as	  CA.	  	  
The	  impact	  of	  the	  parameter	  A	  is	  evaluated	  by	  subs,tu,ng	  these	  concentra,ons.	

�C = Cbase-case � CA

The	  seminormalized	  first-‐	  and	  second-‐order	  sensi,vity	  coefficients	  in	  HDDM	  
can	  be	  defined	  with	  a	  scaling	  factor	  of	  	  	  	  	  	  with	  a	  nominal	  value	  of	  1.	  	
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The	  tracer	  for	  O3	  formed	  from	  NOx	  and	  VOC	  in	  OSAT	  are	  respec,vely	  expressed	  
as	  	  	  	  	  	  	  	  	  	  	  	  	  and	  	  	  	  	  	  	  	  	  	  	  	  	  ,	  and	  the	  sums	  of	  tracers	  sa,sfy	  the	  mass	  consistency	  equa,ons.	O3N O3V
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Projected	  concentra,on	  with	  the	  frac,onal	  perturba,on	  from	  the	  base-‐case	  simula,on	  
can	  be	  es,mated	  by	  simple	  linear	  interpola,on	  of	  tracers	  concentra,on.	
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Modeling	  reproducibility	  was	  sta,s,cally	  examined.	  MB	  was	  1-‐5	  ppbv,	  ME	  was	  7-‐10	  ppbv,	  and	  R	  is	  0.7-‐0.9	  
at	  Hedo,	  Oki,	  and	  Sadoseki	  during	  whole	  event.	  The	  modeling	  system	  captured	  the	  observed	  O3	  features.	  	  
The	  averaged	  O3	  concentra,on	  during	  10-‐11	  May	  2009	  exceeded	  the	  AQS	  in	  Japan	  broadly	  (Fig.	  2).	  	  

Fig.	  2.	  Averaged	  O3	  concentra,on.	  

Contact:	  isyuichi@criepi.denken.or.jp	  (Syuichi	  ITAHASHI)	  

The	  source	  contribu,ons	  of	  O3	  were	  evaluated	  against	  emissions	  from	  China,	  Korea,	  and	  Japan	  based	  on	  	  
BFM,	  HDDM,	  and	  OSAT.	  BFM	  was	  configured	  with	  emission	  reduc,on	  of	  10%,	  30%,	  50%,	  70%,	  and	  100%.	  	  
Absence	  of	  the	  nega,ve	  sensi,vi,es	  on	  OSAT	  (Fig.	  3)	  and	  the	  increasing	  errors	  as	  reduc,on	  became	  larger	  
(Fig.	  4,	  le_),	  importance	  of	  the	  treatment	  of	  NO	  ,tra,on	  (NO	  +	  O3	  →	  NO2	  +	  O2)	  in	  OSAT	  was	  suggested;	  	  
hence	  “poten,al”	  O3	  (PO)	  was	  introduced	  as:	  PO	  =	  O3	  +	  NO2.	

Source	  region	 Reduc3on	  rate	 Ability	  for	  O3	 Ability	  for	  PO	

DDM	 HDDM	 OSAT	 DDM	 HDDM	 OSAT	
10-‐30%	 ****	 *****	 ****	 ****	 *****	 ****	

China	 50-‐70%	 **	 ****	 **	 **	 ****	 **	
100%	 *	 *	 ***	 *	 *	 **	
10-‐30%	 *****	 *****	 ****	 *****	 *****	 *****	

Korea	 50-‐70%	 *****	 *****	 ***	 *****	 *****	 ****	
100%	 ****	 *****	 **	 ****	 *****	 ****	
10-‐30%	 *****	 *****	 ****	 *****	 *****	 *****	

Japan	 50-‐70%	 *****	 *****	 ***	 *****	 *****	 ****	
100%	 ***	 ****	 **	 ***	 ****	 ****	

Fig.	  4.	  Response	  of	  (le_)	  O3	  and	  (right)	  PO	  concentra,on	  
to	  reduc,on	  of	  emissions	  from	  China,	  Korea,	  and	  Japan.	  

By	   introducing	   PO	   instead	   of	   O3,	   the	   source	  
contribu,ons	   of	   PO	   were	   evaluated	   (Fig.	   4,	  
right).	   The	  PO	   responses	  es,mated	  by	  HDDM	  
was	   comparable	   with	   that	   of	   O3,	   but	   PO	  
responses	   to	   emissions	   reduc,on	   from	  Korea	  
and	  Japan	  es,mated	  by	  OSAT	  have	  improved.	  
The	  ability	  of	  proving	   tools	  against	  BFM	  were	  
summarized	  (Table	  1).	  	

Note:	  Ability	  is	  assessed	  by	  averaging	  the	  NMB	  at	  Hedo,	  Oki,	  	  and	  Sadoseki.	  	  
	  	  	  	  	  	  	  	  	  	  	  *****,	  <1%;	  ****,	  1-‐3%;	  ***,	  3-‐5%;	  **,	  5-‐10%;	  *	  >10%	  bias.	  
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