International Workshop on
"Inventory, Modeling and Climate Impacts of Greenhouse Gas emissions (GHG's) and
Aerosols in the Asian Region"

28 June, 2013

An application of HDDM sensitivity analysis
over East Asia

Environmental Science Research Laboratory,
Central Research Institute of Electric Power Industry

Syuichi ITAHASHI

isyuichi@criepi.denken.or.jp

Research Institute for Applied Mechanics, Kyushu University
ltsushi UNO

Devision of Environmental, Civil and Transportation Engineering, Ajou University

Soontae KIM
CRIEPI

eeeeeeeeeeeeeeeeeeeeeeeeee

lllllllllllllllllll ry

© CRIEPI2013 .


mailto:isyuichi@criepi.denken.or.jp
mailto:isyuichi@criepi.denken.or.jp

Outline

» Description of HDDM sensitivity analysis

» Results and Discussion
e Large-scale trans-boundary episode on spring 2007
e Seasonality of source-receptor relationship

» Conclusions and Future perspective

reference)
Cohan and Napelenok, 2011, Atmosphere
ltahashi et al., 2012, Environmental Science & Technology

Itahashi et al., 2013, Atmospheric Environment

© CRIEPI

CRIEPI

nnnnnnnnnnnnnnnnnnnnnnnnnn
eeeeeeeeeeeeeeeeeeeee



— e e ey !
yyyyyyyyyyyyyyyyyyyyy
O t I .

» Description of HDDM sensitivity analysis
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Tropospheric Ozone

® Mechanism
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Source-Receptor relationship

v Emission Sensitivity Approach

determines the changes of O3 concentrations
due to emission perturbations on different sources/regions

e /ero-out run

base case simulation and switching off specific emission source/region

base case simulation sensitivity simulation

Conclusions would depend on the magnitude of the perturbation range
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HDDM sensitivity analysis
Higher-order Decoupled Direct Method (HDDM)

calculate the local slope and local
Ozone curvature in one-time simulation

Concentration DDM (1st-order) first-order sensitivity:

: local slope at A oC.
s =2"">0
, Op;
CAl---mrr 5 J
! second-order sensitivity:
HDDI\/I:(an—order) (2) B ) oC;
: local curvature at A Si {j,k} — <0
| L Op; \ Op
CBf---, emission sensitivity ap'proach emission sensitivity approach :

:slope Ato B emissions are varied one-at-a-time

Dunker et al. (1984)
concave structure

Yang et al. (1999)

EB EA Hakami et al. (2003)

Emission
Cohan et al. (2005)
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» Results and Discussion

e Large-scale trans-boundary episode on spring 2007
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Results of HDDM sensitivity analysis

ozone concentration
during severe air pollution
episode on 6-9, May, 2007

due to the NOx titration
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positive sensitivity:
ozone will increase
o0 if NOx/VOC emis. increase
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Results of HDDM sensitivity analysis

O3 concentration

ozone concentration 120

during severe air pollution 100

episode on 6-9, May, 2007
80 small sensitivity than
60 that of NOx emissions
4 \

concave structure 00 nonllnefa\rlty of ozone

[ppbv] to VOC is lower

<92(Os)/a(Evoc)2 (domain-wide, anthropogenic)
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Results of HDDM sensitivity analysis

O3 concentration

ozone concentration 120
during severe air pollution 100
episode on 6-9, May, 2007
80
60
40
20
[ppbv]

opogenic)

ozone will become less
responsive to NOx emis.
under the decline of

VOC emis. (and vice versa)
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Validation of HDDM

HDDM
g _ 9C
J 883'
2) 0°C
Sig = 9e7

emission sensitivity approach
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Application of HDDM

® Ozone sensitive regime
e Ozone isopleth
® Source contribution
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Ozone sensitive regime
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after Sillman (1999)
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Ozone sensitive regime
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O3 concentration

VOC control

NOx control

transition

3(03)/3(ENOX)

transition
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N 1 by 1line
NOx
sensitive

rg
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ozone regime (domain-wide, anthropogenic)

B VOC sensitive
M NOx sensitive
transition
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Ozone isopleth
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Parametric Scaling Method

1

: Ozone response from base case simulation, C (Pj),

against any fractional perturbation

(a) NOx sensitive region
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Source contribution

Zero-Out Contribution (ZOC)

(2) (1) (2) (2)
253,3) IF (Sk S ) — Sj,,c

: examine the source contributions including non-linear response of ozone

j: anth. NOx emis.
k: anth. VOC emis.
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» Results and Discussion

e Seasonality of source-receptor relationship
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Seasonal variation of tropospheric ozone

autumn
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Seasonal variation of ozone regime

(a) winter (14-19, Jan.) (b) spring (25-30, Apr.)

strong VOC-

sensitive condition \
in winter

NOx-sensitive
in summer

NOx sensitive VOC sensitive
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Seasonal variation of source contribution

(a) winter (14-19, Jan.)
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» Conclusions and Future perspective
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» HDDM sensitivity analysis is a sophisticated way
in emission sensitivity approach

® calculate sensitivities in one-time simulation

» The application of HDDM results is also useful
e provides the information of ozone sensitive regime
e gives time- and location-dependent ozone isopleth

® assesses source contributions
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Future perspective

The sensitivities are combined with the Green's function method

(collaborated work with Dr. Yumimoto)
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Parameter Uncertainty Inversed solution
domain-wide precursor emissions +40 % -12.5%
NO, + hv > NO + O +20 % -30.2 %
NO2 +OH+M - HNOzs + M +30 % +27.2%
NO + O3 - NO; + O, +10 % +14.2 %
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