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Model Setup & Observation Sites

• GC-adj v35k

• Meteorology: GEOS-FP

• Resolution: 0.25o x 0.3125o with 47 levels

• Domain: Nested SD (100-140E, 20-50N) 

• Period: 2016. 05. 01 – 06. 10

• Anthropogenic emissions: KU-CREATE Ver. 2.0

• PM2.5 = SO4
2- + NO3

- + NH4
+ + BC + 2.1 x OC



Model Validation

Observations [𝝁𝝁𝝁𝝁𝒎𝒎−𝟑𝟑]
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Model Updates
1. Diurnal variation in NH3 emission [Poulain et al., 2011; Zhu et al., 2015]
2. Additional loss of NO3

- by photolysis [Ye et al., 2017; Lee et al., in prep.]
3. Benzene, toluene, xylene oxidation (benzene, toluene, xylene) and SOA 

yields from VBS approach [Henze et al., 2008; Jo et al., 2013] 

+ Diurnal NH3



The Extreme Pollution

Dave Peterson, KORUS-AQ data workshop
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The Stagnant Period

Dave Peterson, KORUS-AQ data workshop

Stagnant

PM2.5 during the KORUS-AQ Campaign



The Blocking Pattern

Dave Peterson, KORUS-AQ data workshop

Blocking

PM2.5 during the KORUS-AQ Campaign



Source Attribution by Adjoint Based Sensitivity Analysis 𝜕𝜕[𝑃𝑃𝑃𝑃𝑃.5]
𝜕𝜕𝜕𝜕(𝑥𝑥, 𝑡𝑡)



Regional Contributions [%] Dynamic Stagnant Pollution Blocking
South Korea 50 34 26 57

Beijing Region 9 16 10 6
Shandong Region 17 39 38 17
Shanghai Region 6 2 18 ~0

66%

Regional Mask

Regional Contributions by Periods

57%



Which sources should be targeted for reduction?



Thank you



Updates to Resolve the Nitrate Overestimation 

1. Diurnal variation in NH3 emission [Poulain et al., 2011; Zhu et al., 2015]
2. Additional Loss of NO3

- by photolysis [Ye et al., 2017; Lee et al., in prep.]

𝑝𝑝(𝑁𝑁𝑁𝑁3
− ) → 1

(𝑎𝑎+1)
𝑁𝑁𝑁𝑁2 + 𝑎𝑎

(𝑎𝑎+1)
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻

[Ye et al., 2017] 3



Updates to Resolve the OM Underestimation

1. SOA formation from anthropogenic aromatics oxidation (benzene, toluene, 
xylene) [Henze et al., 2008] 

2. Yields(𝛾𝛾) are from simulation with VBS approach [Jo et al., 2013]

𝛾𝛾 : aerosol fraction of aromatic SOA from 

the GEOS-Chem simulation considering 

the VBS approach with chemical aging

𝛾𝛾 =
𝑆𝑆𝑆𝑆𝑆𝑆

𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑆𝑆𝑆𝑆𝑆𝑆



Model Evaluation with Chinese measurements
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