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Difference (°C) from 1961-90

[PCC 4th Report:
warming Is real!
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Gases involved
in recent global warming

Increase in atmospheric concentrations of

1) Natural greenhouse gases
CO,, CH, N,O...

2) Man-made greenhouse gases
CFCs, HCFCs, HFCs, PFCs, SFe,
halons, halogenated solvents



Gosan Station

By B.J. Huebert
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Gases involved
in recent global warming

Increase in atmospheric concentrations of

1) Natural greenhouse gases
CO,, CH, N,O...
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Advanced technical development-LOFLO

1. Low and stable flow rates

2. Maintenance of invariable NDIR

cell pressure
- Usage of fluistor

3. Maintenance of invariable NDIR

Cell Temperature: 46°C
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Gases involved
in recent global warming

Increase in atmospheric concentrations of

2) Man-made greenhouse gases
CFCs, HCFCs, HFCs, PFCs, SFe,
halons, halogenated solvents



Man-made ultra trace greenhouse gases
(Montreal protocol controlled compounds)

1. Gases Phased out before 2000 under the Montreal Protocol and its
Amendments:

CFC-11, CFC-12, CFC-13, CFC-113, CFC-114, CFC-115, carbon
tetrachloride,

methyl chloroform, halon-1211, halon-1301, halon-2402

2. Chlorinated Hydrocarbons Controlled by the Montreal Protocol and its
Amendments:

HCFC-22, HCFC-123, HCFC-124, HCFC-141b, HCFC-142b ....

3. Anthropogenic Greenhouse Gases Not Regulated (Proposed or in
Use):

HFC-23, HFC-32, HFC-125, HFC-134a, HFC-143a, HFC-152a .........

4. Perfluorinated Compounds:

sulphur hexafluoride(SF), perfluoromethane, perfluoroethane,
perfluoropropane



Summary of Control Measures under Montreal Protocol

Substances
Group
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Red: Developing country for MP purpose
Blue: Developed country for MP purpose




Global averaged trends of major halogenated compounds

Montreal protocol works!!

1000:l rrrr | rrrro.Jprrr. ot [:

/:Fcn ] Long-lifetime species
/ 1 (ex. CFCs) will take
SR> much longer to

100} - = ‘
2z f— 1 disappear from the
s | ] atmosphere.

G
2 Continued

i observation is

needed to check
ambient levels of the
halogenated species.

L L L I L L L L L L L ] L L L L
1980 1985 1990 1995 2000 2005

[/PCC, 2007]




Tropospheric Organic Chlorine

4.0 A ' v L Al L] l' . Ll L A ' L) L) Ll L ' . Ll A L l L Ll L} v l A
hydrochlorofluorocarbons (HCFC-22 C—141b, HCFC-142b, HCFC-124)

chlorinated solvents
(CHsCCI

llllllllllllll

-t
o

UUII'IU'IIIU'UIIIUUIUIII

—t
wn

mole fraction (ppb)

o

o
w

o
o

1980 1985 1990 1995 2000 2005
Year



HCFCs [ODP - kt]

HCFCs Consumption in East Asia
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AGAGE Network:
(Advanced Global Atmospheric Gases Experiment)
ALE (1978) - GAGE - AGAGE

“AGAGE is distinguished by its capability to
measure over the globe at high frequency

almost all of the important species in the

Montreal Protocol to protect the ozone layer
and

almost all of the significant non-CO, gases in

the Kyoto Protocol to mitigate climate change.”
(AGAGE brochure)




AGAGE Participants:

MIT, Georgia Inst. of Tech., Scripps Inst. of Oceanography,
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Medusa GC-MS

Medusa GC-MS System
~40 halocarbon compounds
2 hr intervals
Operating since Nov. 2007




Novel technique for cryogenic separation of
compounds at -1/0°C without using liquid N>

Continuous /11 s/t operations using sophisticated
automation

Te
HayeSep-D

PoraBond Q
Column

AGAGE Medusa GC/MS

005 (B. R. Miller/Seripp



Medusa 2 Coldhead
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Compound

CF4
HFC23
C2F6
C3F8
HFC32

SFB
S0O2F2

HFC134a
HFC152a
HFC125
HFC143a
HFC365mfec

HCFC22
HCFC141b
HCFC142b
HCFC124

CFC11
CFC12
CFC13
CFC113
CFC114
CFC115

~NH (20035)
(ppt)

74
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0.5
~1

5.3
1
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4.2
2.9
6.5
=<1

170
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15
1.6

2597
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80
18.5

8.4
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% precision

0.15
0.7
0.9

3
5

0.4
1.6

0.4
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1
1.2
10

0.3
0.4
0.6

Compound
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H1211
H2402

CH3CI
CH3Br
CH3l
CH2CI2

CHCI3
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CH3CCI3

CHCICCIZ
CCI2CCI2

C2H2
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CEeHG
CTH8

~MNH (2005)
(ppY)
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CFC-11 [ppt]

CFC-114 [ppt]

<o

Measurement of CFCs
Gosan Station (Jeju Island, Korea)

Nov. 07 ~ Jan. 09
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Measurement of HCFCs  S«ge®
Falye%y
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HFC-132a

HFC-365mfc
[ppt]

geace

Measurement of HFCs

Gosan Station (Jeju Island, Korea)
Nov. '07 ~ Jan. '09
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CH,F, [ppt]

PFC-218 [ppt]

o

Measurement of PFCs & SF, %th.\,b
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Air mass classification at Gosan
- Back-trajectory analysis-




East Asian Emission source-influenced measurement data
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Measurement data

by region
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HCFC-22 (Chlorodifluoromethane)
* An important interim compound
« Major refrigerant in China and Korea

HFC-23 (Fluoroform)

« An unwanted (due to high GWP) by-

product of HCFC-22 manufacturing (1-4%)

« Under UNFCCC CDM (Clean Development

Mechanism)



HCFC-22 [ppt]

HFC-23 [ppt]
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HCFC-22 emissions
come from many
different source
regions (Korea,
Japan ...)

HFC-23 pollution
events are almost all
from China.



HFC-23 [ppt]
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Separated time series data: example of SFe
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CFC-12 [ppt]

HFC-23 [ppt]
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HFC-23 [ppt diff.] CFC-12 [ppt diff.]

SF, [ppt diff)
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Ratio-based emissions calculations
- Chinese influence only
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Top-down Inverse Modeling for HCFC-22

 Backward simulations with FLEXPART

— Input data : ECMWEF, 1°x1° resolution
— 20d back trajectories in 3hr intervals

 Inversion algorithm based on FLEXPART
— Analytical method for

I/

reported consumption and available bottom-up
reports,



Regional HCFC-22 emissions calculated from FLEXPART
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Comparison of Gosan concentrations modeled:

FLEXPART vs Observations
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Methocd

Data Source

I Emssion Yr. [

\CFC-11
CFC-12
CFC-113

|CFC-114
HCFC-22
HCFC-141b

|HCFC-1420
HFC-23
HFC-134a
HFC-152a
HFC-32
HFC-125
HFC-143a
|HFC-365mfc
H-1211
|H-1301

CF.
PFC-116
PFC-218

.E:"

CHCl
CH;C;
GI-II:!.
CCly
CH,Br

| CHLCCH,

China
Top-down
Our Study (Gosan) Volmer (2009)  Yokouchl (2008)
HCFC-22 HFC-23 [Shandanz) {Hateruma)
2008 2008 2007 2005

13 (9.3-17) - 33 (26 - 43 -
6.3 (4.7-8.5) - 14 9-19) --
== - 0B [04-1.7) =
1.2 (0.84 - 1.6)° - - -

| B3 (64-109)° |71 (35-106) 165 (140-213) 54 s 34
16 (12 - 20) = - -
10 (7.6-13) 11 (5.5- 16) 12 (10 - 18) -

12 (8.7 -15) - - 10 = 48

BE (6.5-12) - - 39 & 24

57 (43-76) 6.8 (3.4-10) - 43 + 23
4.3 (3.2-59) - . -
3.2 (24-4.3) - - -
0.6 (0.4-0.8)" - - -
=1 - - -
14 (14-19) - 21 (1.7-28 -
|0.24 [0.16 - 0.34) - 0.08 (0.07 - 0.11) -
23 (1.7-3.9) - - -
0.5 (0.4-0.6) - . -
0.09 (0.07 - 0.12)* - - -
L 13(10-18) - 0.80 (0.53 - 1.10) -
264 (200 - 354) 239 (119 - 358) - -
175 (132 - 234) - - -
49 (37 - 66) 45 (22-87) BB (51 - 140) -
17 (13-23) - 15 (10 - 28 -
58 (43-79) - 0.24 [0.17 - 0.47) -
LT (2-28¢ - 33 Q.0 -40 -

Bottom-up
Wan [2009) EDCI'B]‘E )
2008 2008
14,259 -
3.869 -
a -
79.268 -
12,148 -
== 10.6
- 1.03
- 0
- 0
- 0
- 0
== 0
1.353 -
0,044 -
- 1.46
- 024
- 0.0007
- 1.64
6764 -
2.118 -

1 Emissions of CFC-113 and HFC-3685mic were not derved from our methods, due to lack of correlation with all other m-

* Indirect’y based on HCFC-22, using the better comelation found with HCFC-141b (for CFC-114]), HFC-134a ffor HFC-143a), PFC-116 (for PFC-218), CFC-12 {fior CH,CCly), respactivaly,
and emissions of these alternate tracers derived through HCFC-22,

* Derived from inversson technigue described in the methods

! Estimates of 2008 values from linear extrapolation of data avalable in EDGARVY, Data from year 2000 1o 2005 were used except when the linear fit of recent years were signficanty
differan: (HFC-365mie and SFg, from 2002 1o 2005), or longer Ristores wass svallables (CF4 and PFC-116, froem 1990 to 2005)

* Determination coafficlent agaimst HCFC-22 (or batter-corralating spacias axplained in footnote 2) derived n this study.
T LMEErmInauon Coamciant 3gainsl Mwrie-22 [0r Deler-cameding speces exmgiamneda m roonone ) Oerveda mn tnis siuay.

(Kim et al., GRL 2010)

(units : kt'a)

Globa
Top-cown Bettom-ug
Voumer(2009) AFEAS[2008)  pooct!
[ 2007 2006 2008
82 = 30 - -
79 = 40 - -
365 « 70 172.4 -
60 = 10 68.1 -
41 2 50 22.0 -
- - 1.8
- 1282 185
- - 285
- - 36
- - 0
- - 3.7
~ ~ 1.9
62 + 30 - -
23 & 1.1 - -
- - 8.92
- - 183
- - 0.42
75 s 15 - 6.15
53 + 30 - -

Hgnl

| 0.70

0
0.01

|n-'m|

1.00
0.65

| 0.83

0.72
0.70
0.57
0.50
0.54
0.43

| 0.01 |

0.51

II:I.'I'II

0.43
0.54
048

4+ u"a i
0.76

0.78
0.84
063
0.48

| 0.18 |
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Top-down Estimates (China)
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Comprehensive overview of emissions from
China presented for the first time

Emissions of halogenated compounds from
China are now equal to ~20% of global
emissions in GWP and ODP.

Current reported emissions of halogenated
compounds may be underestimated

Large emissions were found for some HFCs
not known to be used in China
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Regional emission rates in East Asian

- : |
C.h na Talvx_/an Korea Japan Total iéo
Mainland Region lobal(%0
CFC-11 13 (9.3-17) 0.27 £0.06 0.9 0.7 £0.05 | 14.9 18.1
CFC-12 6.3 (4.7-8.5) 0.18 +0.04 0.8 =+ 0.6 +£0.04 7.9 10.0
CFC-114 1.2 (0.8-1.6) 1.2
HCFC-22 83 (64-109) 2.2 0.5 79 $15 7.5 (7-8) | 100.6 27.6
HCFC-141b 15 (12-20) 0.5 £0.11 2.1 £0.4 1 £0.07 | 18.6 31.0
HCFC-142b 0 (7.6-13) 0.12 £0.03 0.8 +0.1 0.6 £0.04 | 11.5 28.1
HFC-23 (8.7-15) 0.07 +0.02 0.2 £0.01 | 11.3 81.2
HFC-134a 7 (6.5-12) 0.52 +0.12 1.6 0.3 3.1 £0.2 13.9 8.4
HFC-152a 7 (4.3-7.6) 0.08 +0.02  0.10 +0.02 0.6 £0.04 | 6.5 22.7
HFC-32 3 (3.2-5.9) 0.05 +0.01 0.20 +0.04 0.3 £0.02 | 4.9 134.7
HFC-125 2 (2.4-4.3) 0.07 £0.02  0.26 +0.05 0.5 £0.03 | 4.0 13.4
HFC-143a 6 (0.4-0.8) 0.04 £0.01 0.07 +0.01 0.2 £0.01 | 0.9 2.9
HFC-365mfc 0.01 +0.003
H-1211 1.4 (1.1-1.9) 0.1 +0.02
H-1301
CF4 2 (1.7-3.1) 0.21 +0.04 0.1 +0.01
PFC-116 5 (0.4-0.6) 0.1 +0.02 0.1 £0.01
PFC-218 0. 09 (0.07-0.12)
SF6 3 (1.0-1.8) 0.5 £0.1
CH3cCl 265 (200-354)
CH2CI2 6 (132-234) 16.8 +3.2 9.2 £0.6
CHCI3 9 (37-66) 1.8 +0.1
CH3cCCI3 7 (1.2-2.5) 0.13 +0.03 1.4 103 0.4 £0.02 | 3.6
CCl4 17 (13-23)
CH3Br 5.8 (4.3-7.9)
Per group
CFCs 20.5 0.45 1.7 1.3 24.0 14.4
HCFCs 108 2.82 10.8 9.1 130.7 28.1
HFCs 33.5 0.84 2.2 4.9 41.5 15.5
PFCs 2.8 0.3 0.2 3.3
Total 165 4.11 15.0 15.5 199.4 22.2

* Red: Reference tracer emission data from Stohl et al (2010)

(Units:Kt/a)



East Asia, by Compound
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Emission Source Region of Foam blowing
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Emission flux modeling: Jungfraujoch

HCFC 141b

Montreal Protocol .
restricted in EU

HFC 152a

included in
Kyoto Protocol




HFC-23 emissions modeling:
|dentification of ‘local’ sources from HCFC-22 production ?

a) A priori emissions

I~ LT e g m

(Stohl et al, ACP 2010)




Conclusion

Top-down estimates were performed using high-precision/high-
frequency in-situ measurements at Gosan (Jeju Island, Korea)
as part of AGAGE (Advanced Global Atmospheric Gases
Experiment).

HCFC-22 was selected as primary tracers for deriving emissions
of almost all major anthropogenic halogenated compounds in
China, (Korea, Taiwan) confirming substantial Eastasian, in
particular Chinese, contributions to global emissions of
halogenated compounds.

Our results for Chinese emissions of some HFCs and PFCs
suggest significant underestimation in current bottom-up
assessments.

Top-down emission estimates should serve an important tool
monitoring and diagnosing bottom-up assessment of
internationally regulated compounds (even in ‘local’ scale?).
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