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" The world's nations are moving foward agreements
that will bind us tfogether in an effort to limit
future greenhouse gas emissions. With such
agreements will come the need for all nations to
make accurate estimates of greenhouse gas
emissions and to monitor their changes over time...."

In : Verifying Greenhouse Gas Emissions: Methods to
Support International Climate Agreements

By the committee on Methods for Estimating Greenhouse Gas
Emissions; National Research Council, 2010
Source: http://books.nap.edu/openbook.php?record id=12883&page=2

Independent methods for verifying fossil fuel emissions are needed !
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Carbon Isotopic Composition of FF & Energy Structure
(Fossil Fuel Mass Fraction Weighted)
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C isotopic Compositions of Fossil Fuel at Regional Scale
(fossil fuel mass fraction weighted)
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13C/*2C in air CO, and BC aerosols

CO, & BC (or elemental carbon) are

* Important Components affecting radioactive forcing on global and regional scales
* One of the major common emission sources: FF combustions

Different atmospheric life time:
CO,: ~ 200 years

BC: ~ 7-10 days a® ©
Assumptions: co: '., oy

v’ Very small isotopic fractionations in FF
combustions

v" No processes modifying isotopic
compositions after their emissions;
v 3Cer ~ 513CFF(002) ~ 513CFF(BC)

Implications of 6**Cmea@c) and ¢**Cmea-(co2)
v 08Crrec) values can be directly inferred from 6'3Ciyeasc)

v" 83Crr(coz) can be only derived from 63Ceacoz) and Crea-coz Values with
an assumption of a two-end member mixing

* Environment Environnement
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Observation sites of 3C/*2C in Atmospheric
CO., & Black Carbon Aerosols

Alert
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Seasonal Average (Nov — Apr) of 813Cpea sc in EC at Alert & Beijing

'22 1 1 1 1 1 | I I I 1 1 | I I 1 1 1 I 1 I I I 1 I 1 I I 1 1 I 1 1 1 I I | 1 1 I I I | 1 1 1 1 1
- @ Alert * The average of §'3Cnea (sc) at Beijng ~ the national mean of 813C g 1
- © Beijing 7
24 k |
26 —
28 |- & o O & "
. &) 7 a
30 = ]
- *The 8'%Cnea gc) at Alert show dominant influences from Eurasia and N.A.8'3Cg¢ -
_32 i 1 1 1 1 1 | | | | 1 1 | | | 1 1 1 I 1 | | | 1 I 1 | | 1 1 I 1 1 1 | | | 1 1 | | | | 1 1 1 1 1 |
2002 2003 2004 2005 2006 2007 2008 2009 2010

Decimal Year

* Environment Environnement
Canada Canada



13C/12C Constraints on Inter-Continental Transport of Fossil Fuel BC to Alert
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Carbon Isotopic Composition of
Detected Source CO, at Alert

Measured
70
B ® NOAA_dC13_permil
C © EnCan_dC13
-T5F ‘o & -
o t 2] >
R
» : [ ] .
- . " .
-8.0 " j : ¢
8.5
9.0 :r ] . ] . ] . ] ] ] ] ] ] ] ] ] ] ] ] ] |
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Detected Sources
o3 [ -e— NOAA W-S 7
nal —e— EnCan_W-S * The shaded period covers the range of §13Cg¢ in China/India .
25 - + ® * J
K @ y i
261 o + o i ¢ ¢ @ .
27+ * é ? é ; é ]
28 - Q é 4
29 - é —
_30 [ L | L | L | L | L | L | L | 1 | L | L | L | L | L | 1 | L | 1 | L i
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Decimal Year
Environnement
Canada

Environment
Canada

L4



Csoume (%0)

13
o

'22 LI
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CO, (ppm)

Carbon Isotopic Composition of

Detected Source CO, via Vertical Profiles at Berms*
(53°59'N,105°7'W, Close to Prince Albert, SK)
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Carbon Isotopic Composition of
Detected Source CO, at TAP, South Korea
(36.73°N, 126.13°E)
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Carbon Isotopic Composition of

Detected Source CO, at Mauna Loa, Hi
(19.54°N, 155.58°W, 3397masl)

-32
1990

1992

1994

1996

1998 2000
Decimal Year

2002

2004

2006

L4

2008

2010

Environment Environnement

Canada

Canada



13

Csource (%U)

20 o L . C e S P . P S T

-32

Carbon Isotopic Composition of

Detected Source CO, at Mauna Loa, Hi
(19.54°N, 155.58°W, 3397masl)

AR ---------- --------- ---------- ------ * The shaded period covers the range of 813Cg¢ in China/India -------- -
WY.L, s/ /P S | i AR D o o o ot o s s g g i g gt ot o

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010
Decimal Year

* Environment Environnement
Canada Canada



What we have learn

> The 33Cpeac) Values obtained from Beijing (~ -25 %o) during win-spr time (2006-
09) are obviously different from those at Alert (~ -28%o0). The former are close to the
mean value of 813Cgr in China, indicating a similar FF usage structure as the national
mean of the country. Whereas, the latter show the dominant influence (< -28%.) from
Eurasia (Europe + Russia) and NA.

> The majority of the detected 3*3Crgcoz) Values derived from the 813Ceacoz)
measurements at TAP, South Korea (1991- 2007) are within the range from -24%o to
-26%o, indicating major influences of 613Cgr from the China/India region. Whereas,
most of 313Crrcoy) at Alert (1999 - 2008) are < -26%o, suggesting much more FF
contributions reaching Alert from Eurasia and NA than those from Asia (i.e.
China/India). This is consistent with the results from §13Ceasc) at Alert.
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What we have learn

> In contrast with the 613Cgrco2) Obtained at the arctic region (i.e., Alert), the
O13Cercoz) Values from the lower latitudes (e.g., EPT and PTA) on the west coast of
NA and at Mauna Loa in North Pacific Ocean, are mainly within the range from -24%o
to -26%o or even more positive, inferring that the FF CO, signals from Asia could be
transported across Pacific Ocean to North America.

» High precision C isotope measurements in flask and filter samples can be used,
as independent methods, to identify and verify FF signals and their influences on
both regional and global scales as long as the corresponding emission sources are
isotopically distinguishable.

» The results of this work could be also used to constrain transport models for
qualifying the relative contributions of air masses from different source regions.
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Absolute & Relative Changes (1990 — 2005)

in total CO, Emissions from Edgar Database
(http://edgar.jrc.ec.europa.eul/index.php)

Absolute Changes
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Schematic of Two—end Member Mixing of Atmospheric CO,

————————————————————————————————————————————————————————————————————————————————————————

Mixing with background or Reference air CO,
(Cbg-ref’ 813Cbg-ref)

A Net Source
CO, (Cs)

Well mixed with an identified §3C,

The strength of the source changing with time

Flask-sampler
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Derivation of 813Cs in Atmospheric CO, Measurements (813C,,, Cn)

Mass Balance

{

Cm = Cbg-ref + Cs
613Cm*Cm = 613Cbg-ref*Cbg-ref + 813Cs* Cs

Linear function

513C,_ = b *(1/Cy) +a
b = (813Cbg_ref = 813CS)*Cbg_ref a = 813CS

Assumptions:

* The net source CO, is well mixed with a distinguishable isotopic composition (63Cs)
* Cpg-ref Changes are only caused by C,

* Environment Environnement
Canada Canada



Mount Pinatubo Eruption, Philippines
(15.14°N, 120.35°E)
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Source: http://pubs.usgs.gov/pinatubo, http://vulcan.wr.usgs.gov/Projects/Emissions/Reports/Pinatubo/pinatubo_abs.html
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C isotopic Compositions of Fossil Fuel in Top 9 Emitters
(fossil fuel mass fraction weighted)
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Carbon Isotopic Composition of FF & Energy Structure
(Fossil Fuel Mass Fraction Weighted)
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Tracing Sources and Process via Stable Carbon Isotopes

Physical
Rs: (13C/12C)S Photochemical ROb — (13C/12C)Ob = o * RS

Biological
-

Sources Processes Observations
o= ROb*RS

* Assuming no processes modifying the C isotopic compositions of CO, and BC after
their emissions into the atmosphere. Here, only the mixing from different sources is
considered. Mixing/dilution processes won’t change isotopic compositions.

Terminology R (13C/12C) $'3Cypps

0.0112934 5 Carbonate
* R = 18C/22C
VPDB

0.0112372 0
= The Primary Standard: VPDB/0_0111473 -8 | ATMCO2

=313C = [(Rsam/Rsta) -1]¥10% (%o) 00110799 -12 | ca4

0.0109226 -28 |~ C3
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d13Cyppco2 (%0)

OC-EC Isotopic Compositions in fine PM at Alert (82°27'N, 62°31'W)
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13C/12C Constraints on Inter-Continental Transport of Fossil Fuel BC to Alert
(Nov — Apr)
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Carbon Isotopic Composition of
Detected Source CO, at Barrow, AK and Point Arena, Ca
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Carbon Isotopic Composition of

Detected Source CO, at Hegyhatsal, Hungary
(46.95°N, 16.65°E, 248masl)
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