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I. INTRODUCTION
A. Mandate

1 The Subsidiary Body for Scientific and Technological Advice (SBSTA), at its fourteenth session,
took note of the progress report on the review of the scientific and methodological aspects of the
proposal by Brazil contained in document FCCC/SBSTA/2001/INF.2, including the conclusions of an
expert meeting on the scientific and methodological aspects of the proposal, held in Bonn from

2810 30 May 2001. It encouraged Parties to pursue and support the research effort on the scientific and
methodological aspects of the proposal by Brazil, as recommended in document
FCCC/SBSTA/2001/INF.2, and to communicate such activities to the secretariat. The SBSTA requested
the secretariat to continue to coordinate the review of this proposal, to facilitate the dissemination of
scientific and methodological information on this proposal, to organize an expert meeting to share
information on the development of the scientific and methodol ogical aspects of the proposal by Brazil, to
broaden participation and to build scientific understanding of this subject before its seventeenth session,
and to prepare areport for that session. To this end, the SBSTA requested all Parties, especially those
not included in Annex | to the Convention, to nominate additional experts to the UNFCCC roster of
experts. The SBSTA decided to consider this matter further at its seventeenth session
(FCCCI/SBSTA/2001/2, para. 32).

B. Scope of the note

2. This document contains information about the process used by the secretariat to respond to the
above mandate and preliminary analysis undertaken by experts to explore the scientific and
methodological aspects of the proposal by Brazil. It describes the results of an expert meeting held at
Bracknell, United Kingdom of Great Britain and Northern Ireland, from 25 to 27 September 2002,
including a proposal for future work. Additional background information can be found in document
FCCC/SBSTA/2001/INF.2.

This report contains preliminary results from simple climate models. The results have not been peer
reviewed. They are presented for illustrative purposes to help the reader to understand the concepts
presented in this paper. No definitive conclusions should be drawn, since models vary in their
complexity and the data sets are limited.

C. Possible action by the SBSTA

3. The SBSTA may wish to take note of the information contained in this document and to provide
guidance on what additional aspects of the proposal by Brazil need further consideration and how these
issues should be addressed. In particular, the SBSTA may consider whether it wishes to proceed with a
phase Il process to improve the robustness of the preliminary results and/or whether at a minimum
further steps should be taken to compile and integrate emissions data. The SBSTA may also wish to give
further guidance to Parties and the secretariat regarding how to broaden participation of developing
countries and possible roles and contributions of other scientific groups, such as the Intergovernmental
Panel on Climate Change (IPCC), the International Geosphere-Biosphere Programme (IGBP) and the
World Climate Research Programme (WCRP).

1. SUMMARY

4, The information presented in this report is based on analyses from 16 different research groups.
All groups were provided with information necessary to build a very simple climate model to calculate
global-average temperature change and sea level rise from historical emissions and to prepare attribution
calculations. Thisinformation was partially based on the calculations initially presented by Brazil.
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During the expert meeting, several experts presented example cal culations using this simple approach,
while other groups provided results using more complex climate models.

5. Preliminary calculations indicate that the effects of greenhouse gases, such as CO,, CH, and
N0, can be attributed to regional sources. The choice of methods, starting and end dates for attribution
calculations, gases and indicatorsinfluence an attribution calculation. In some cases these are policy
choices. Nevertheless, the results provide useful insights into the scientific and methodol ogical aspects
of the attribution calculations.

6. It is possible to assemble a more robust simple climate model and attribution tool using the
scientific information in the IPCC Third Assessment Report (TAR) and the recent scientific literature.
Such atool would be capable of providing better attribution calculations. Such amodel should include
all greenhouse gases, tropospheric ozone, including its precursors, both natural and anthropogenic
aerosols (black carbon, organic carbon and sulphate), represent the important non-linearities in the
climate system and undergo more extensive validation and sensitivity studies. A proposed approach
(phase 1) to build specifications for such an attribution tool is provided in section VI. Phase Il would
require financial resources for the participating groups and broadened participation by developing
countries.

7. Data limitations may prevent an attribution calculation at the country level even with amore
robust model. However, aregional resolution finer than the ones provided in this paper may be possible.

8. Almost all models that were used to provide example calculations in this report are freely
available. Some can be run under common operating systems without additional software, some can be
run over the Internet, some can be implemented with commercial software and some are based on free
software. It ispossible with arelatively modest amount of resources to broaden participation and to
build capacity in developing countries through ‘ one-on-one’ visits and existing scientific agreements.

0. Any further work should include awider segment of the scientific community and a peer review
process.

1. BACKGROUND

10. In March 2002, the secretariat requested Parties to encourage research ingtitutions active in the
field of climate change modelling to participate in an information-sharing process. The objective of this
process was to provide, as afirst step, new and comparable results on the issue of contributions to
climate change that could be discussed at the expert meeting. This process had two phases which were
designed:

@ To ensure the comparability of the models and

(b) To investigate the influence of different methodological choices.

The University of East Angliain Norwich, United Kingdom, agreed to cooperate and assist the
secretariat with this activity. It operates aweb sitethat is linked to the web site of the UNFCCC
secretariat with information on this activity, including the requirements and all results.' The secretariat
provided information about this process to Parties at a side event organized during the sixteenth session
of the SBSTA.

11. Phase | of the information-sharing process required researchers to build or apply an existing
model capable of representing the historic path of concentrations, radiative forcing, temperature increase
and sealevd rise of acomplex climate model. The Hadley Centre for Climate Prediction and Research

L http://www.cru.uea.ac.uk/unfccc_assessment/
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provided inputs (gas concentrations) for, and outputs (radiative forcing, temperature and sea level) of,
their HadCM 3 model to be used for validation.

12. In phase I1, experts were encouraged to attribute changes in concentrations, radiative forcing,
temperature change and sea level rise due to emissionsin four different regions. The four regions of the
IPCC Special Report on Emissions Scenarios (SRES) were chosen: members of the OECD in 1990
(OECD90), Eastern Europe and the former Soviet Union (REF), Africaand Latin America and the
Middle East (ALM) and Asia (ASIA). Experts were encouraged to test the sensitivity of the resultsto
different assumptions, such as emissions data sets and representations of the carbon cycle, aswell asto
different methodological choices (start date of emissions and indicators).

13. A reference case was defined as the contribution to temperature increase in 2000 attributed to the
above-mentioned four regions using emissions of CO,, CH, and N,O from 1890 to 2000 from the
EDGAR database.

14. In phase |1, 13 groups submitted results:
@ Centre for International Climate and Environmental Research (CICERO), Norway;
(b) Commonwealth Scientific and Industrial Research Organisation (CSIRO), Australia;
(c) Climate Change Advisory Team of the Danish Energy Agency (DEA-CCAT), Denmark;
(d) ECOFY S Energy and Environment, Germany;
(e) Hadley Centre, Meteorological Office, United Kingdom;
() Institute of Applied Energy (GRAPE), Japan;

(9) Université catholique de Louvain using the Java Climate Model (JCM),
Switzerland/Belgium,;

(h) Lawrence Berkeley National Laboratory (LBNL), United States of America;

(i) National Institute of Water and Atmospheric Research (NIWA), New Zealand;

@) Research Institute of Innovative Technology for the Earth (RITE), Japan;

(k) National Institute of Public Health and the Environment (RIVM), the Netherlands;

) University of Illinois at Urbana Champaign using the Integrated Science Assessment
Model (ISAM), United States of America;

(m) University of lllinois at Urbana Champaign (UIUC), Climate Research Group (CRG),
United States of America.

15. The aim of the expert meeting held from 25 to 27 September 2002 was to enable experts to share
their preliminary results, to explore options for broadening the participation of scientists from developing
countries and to identify future work. Forty experts attended the meeting, including experts from the
following developing countries: Argentina, Brazil, China, Kenya, India, Malaysia, Thailand.

Experts from Chile, South Africa, Uganda, the United Republic of Tanzania, Venezuelaand the

Russian Federation were also invited, but unable to attend.

16. The Government of the United Kingdom of Great Britain and Northern Ireland kindly hosted the
expert meeting. It was held at the premises of the Meteorological Office, London Road, Bracknell.
Financial support for the participation of developing country experts was provided by the governments of
Australia, the Netherlands and Switzerland.
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17. The agenda of the expert meeting is contained in the annex to this document. On thefirst day,
the participating experts presented their preliminary results and latest scientific findings. A brief
summary of the presentationsis contained in section IV of thisreport. On the second and third days, two
groups were formed. One group focused on the scientific aspects, that is, how to represent the climate
system in amodel for the purpose of calculating attributions to climate change and which historical data
sets should be used. Their conclusions are contained in section VII. The other group focused on
methodological aspects that need to be considered when cal cul ating attributions to climate change.
Theseresults are included in section V. In addition, experts discussed ways to broaden the participation,
especially by developing country experts. These conclusions are included in section V1 of the report.

IV. SYNOPSISOF PRELIMINARY ANALYSIS

18. Results from phase | were collected by the University of East Anglia and made available on the
project web site. In phaseIl, 13 groups submitted results, details of which can be found on the project
web-site. The presentations by the individual experts at the meeting are summarized below. Those
presentations are also available on the project web site, as well as a summary presentation for phases |
and |1 and the presentations on model and data validation.

19. The CICERO modelling group took into account the emissions not only of CO,, CH, and N,0O,
but also of other greenhouse gases (GHGS); consequently the total radiative forcing has alarge number
of components. The submission from CSIRO includes a discussion of model validation
parameterizations and a comparison of a number of different methods of attribution. The DEA-CCAT
modelling group provided extensive documentation of a more complex model, including a powerful
numerical method and corresponding MathCAD worksheets, which can be downloaded by interested
users. ECOFY Sfollowed the default implementation described in the terms of reference of this
modelling exercise and in addition contributed a discussion of various aspects of attribution indicators.
The devel opers of the integrated assessment model GRAPE used their 10-year step climate module,
which includes several gases not covered by the Kyoto Protocol. The UIUC applied a reduced form of
the original ISAM model for future emission scenario analysis, including non-GHG cycles and an
alternative climate model to generate results for this exercise. The JCM isarelatively complex model.
The submission included not only modelling results, but also a Java model interface, allowing any remote
user to vary parameters and observe changes in real time viathe Internet. LBNL submitted a 10-year
step version of the default implementation of the simple climate model, as well as a spreadsheet interface
for the sensitivity analysis. With minor adjustments NIWA also implemented the default version and
suggested a method for attributing aerosol emissions to regional sources. The simple climate model
submitted by RITE is based on the MAGICC model and is also being used in the integrated assessment
model DNE21. RIVM obtained their results from a model based on IMAGE calculations. They
provided detailed sensitivity analysisaswell. Another group of modellers at UIUC used an alternative
GHG cyclemodel. They discussed a method of attributing aerosol emissions to regional sources. The
Hadley Centre used the specifications of the simple model as well, including alinear approximation to
the temperature response of their coupled model HadCM 3.

20. Further, Michael Prather (University of California, Irvine) presented information on the
completeness of the assessment and model validation. Joyce Penner (University of Michigan) covered
the uncertainty of aerosol emissions. Silvia Muylert presented the work of the Federal University of
Rio de Janeiro on historical contributions to global warming.

21, Common issues raised by different groups included the quality and continuity of emission data
and fine tuning of GHG lifetimes. In particular, it was noted by several experts that historical emission
data and future emission scenario data do not always match in the overlap period. Moreover, some
modellers did not agree with the notion of a constant lifetime of methane in the atmosphere and
suggested alternative approaches. More generally, it was noted by some participants that a representation
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of the climate system in a simple moddl, i.e. neglecting classes of relevant gases as well as chemical and
other feedbacks, was unrealistic and could entail hidden biases.

22. Most of the groups submitted results from the attribution calculations for more than one
indicator, and some of the characteristics of these indicators were highlighted in individual submissions.
For the reference case a comparison of the results from all groups is possible and can be found in

figure 1. The relative contribution to temperature change in 2000 is shown using emissions of CO,, CH,
and N0 attributed between 1890 and 2000 as provided in the EDGAR database.

23. Severa groups have made their models publicly available for downloading and/or provided
extensive documentation of the methodology used.
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Figure 1. Comparison of reference case calculations. relative contribution to temperature change
in 2000 with emissions of CO,, CH,4 and N,O attributed between 1890 and 2000 as provided in the
EDGAR database.

V. METHODOLOGICAL ISSUES

A. Indicatorsfor attribution to climate change and their characteristics

24, The Brazilian proposal (FCCC/AGBM/1997/MISC.1/Add.3) suggested that the global-mean
surface temperature increase could be used as an indicator for contributions to climate change. The
participants attending the meeting in Bonn, held from 28 to 30 May 2001, concluded that other indicators
along the cause-effect chain from emissions to climate change could also be calculated and attributed to
different sources of emissions. They noted that different indicators will result in different attributions
(FCCC/SBSTA/200VINF.2, para. 23).

25. At this meeting, experts did not select a preferred indicator, but identified several possible
indicators and assessed their characteristics. The characteristics are listed in the following paragraphs.

26. Closenessto impacts: Anideal indicator would closely resemble the impacts of climate change.
It would be further down the cause-effect chain. The expertsfelt that it should be an indicator of the
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‘damage potential’, a measure of the unrealized potential for climate-change-induced environmental
damage.

27. Understandable: The indicator should be understandable to scientists as well as the public. In
addition, it should be clear how the indicator can be attributed to different sources of emissions.

28. Certainty: The calculation of the attribution using the indicator should bereliable. The data
necessary to calculate the indicator need to be available as well as robust calculation methods. Each step
further down the cause-effect chain (i.e. from emissions to concentrations or to radiative forcing and so
on) introduces additional uncertainty, due to an additional step in the calculation. The way in which the
indicator accounts for early emissions also influences the certainty (see backward discounting).

29. Backward discounting: Some indicators give less ‘weight’ to emissions that occurred along
time ago. For example, the concentration of methane today is not influenced by emissions of methane
100 years ago. Because of the short lifetime of methane in the atmosphere, these emissions have decayed
amost completely by now. The experts noted that it is uncertain whether such * backward discounting’
reflects the influence of emissions with respect to damages. In addition, ‘ backward discounting’ also
affects the certainty of the indicator, since information that dates further back is usually more uncertain.

30. While experts agreed that an ideal indicator should be close to impacts, understandable and
certain, they could not recommend whether and how much backward discounting is appropriate.

31. Thereisa'trade-off’ among indicators. On the one hand, the indicator should be as close as
possible to the actual impacts of climate change, i.e. damages, as possible. It should therefore be further
down the cause-effect chain. On the other hand, it should be calculated with certainty and therefore be at
the beginning of the cause-effect chain.

32. Table 1 lists the indicators and their characteristics as assessed by the experts. The number of
circlesis arelative marker, indicating whether the indicator meets the characteristic more or less than for
other indicators. A description of each indicator, of which some are shown in figure 2, follows.

33 Cumulative emissions: The sum of annual emissions from a source between a start and an end
date (indicator A). Thisindicator can only be applied for one greenhouse gas at atime. Effects of
several gases cannot be compared.?

34. Concentrations. The effect of al emissions between a start and an end date on concentrations
of the greenhouse gases in the atmosphere at the end date (indicator B). Thisindicator can only be
applied for one greenhouse gas at atime. Effects of several gases cannot be compared.

35. Integrated past concentrations: Integrating the increased concentrations due to emissions from
astart date to an end date (indicator C). Thisindicator was used in the calculations that accompanied the
original Brazilian proposal.® It can be seen as afirst proxy for the temperature increase. Thisindicator
can also only be applied for one greenhouse gas at atime. Effects of several gases cannot be compared.

36. Radiative forcing (due to increased concentrations): the radiative forcing due to the increased
concentrations at the end date (indicator D). The effects of different gases can be combined with this
indicator.

2 Aggregating cumulative emissions for several gases using global warming potentials was also mentioned at the

meeting.
% A later version of the calculations provided by the Brazilian delegation cal cul ates temperature increase, rate of
temperature increase and sea level rise.
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37. Integrated past radiativeforcing: Integrating the radiative forcing due to increased
concentrations from a start date to an end date (indicator E). Thisindicator isvery similar to ‘integrated
past concentrations’ (indicator C). It can be used to combine the effects of all gases.

38. Integrated futureradiativeforcing: The radiative forcing due to the concentrations integrated
from when emissions end to a future date (indicator F). It applies the concept of global warming
potentials (GWPs) to concentrations (instead of applying it to pulse emissions), taking explicitly into
account the unrealized effects that will occur in the future after the gases have been emitted.

39. Temperatureincrease: Theincrease in global-average surface temperature due to emissions
(indicator G). The calculation takes into account the effect of emissions between a start and an end date
on concentrations and on radiative forcing.

40. Rate of temperature change: The rate of temperature change calculated as the derivative of the
temperature increase.

41. Sea level rise: The processes of thermal expansion of water and melting of ice. Because sea
levelsincrease very slowly (in the order of thousands of years), the effects seen today may be small
compared to those that will occur in the future, even if emissions stop.

Emissions

> Time

I
present

Concentrations

Time

Radiative forcing

Time

\ 4

Temperature

Time

A\

Figure 2. Indicatorsfor attribution to climate change (adapted from ECOFYS)
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Tablel. Indicatorsfor attribution to climate change and their characteristics

Figure2 _Closeto Understandable | Certain Backward
impacts discounting

Cumulative emissions A - 0000 [T T & -
Concentrations B ® 0000 00 000
Integrated concentrations C (1] - 00( [ ] )
Radiative forcing (due to D
increased concentrations) ad oo oo ooe
Integrated past radiative forcing E 000 - [ 1) [ 1]
Integrated future radiativeforcing F | @@@4( - (1) 000
Temperature G | eo0® 0000 (1] (1)
Rate of temperature change - | eoe@@® 0e° ® ?
Sealevel rise - 0000 0000 L [ ]

42. The indicators from concentrations onwards in the above list do not include the effects of the
emissions that will occur after the emission. Greenhouse gases stay in the atmosphere after they have
been emitted for a period of time, depending on their particular removal processes. In that period, the
gases contribute to increased concentrations, radiative forcing, increased temperatures and sea level rise.
The temperature and sea level may rise after the attributed emissions have stopped. To account for these
effects, an evaluation of the indicator can be made at a point in time after the emissions have stopped (see
section on evaluation date).

43. The temperature can be used as an indicator, evaluated at the point in time after emissions have
stopped where the global temperature is reaching a peak. However, the peak of the temperature resulting
from individual sources alone might occur at a different time.

44, It is possible to combine various indicators into composite indicators in order to resemble more
closely actual damages. Thiswas not explored at the expert meeting.

45, The experts only considered indicators evaluated at the global scale. Conceptually, regional
indicators also could be defined, but such calculation would be extremely complex and more uncertain.

46. Figure 3 provides an illustrative example of different indicators as submitted for the expert
meeting. It can be observed that different indicators lead to different relative attributions.

The certainty depends on the certainty of the emissions.
While the indicator ‘rate of temperature change’ iswell understandable, the attribution of positive and negative
contributions to the rate of temperature change is more abstract.

5



FCCC/SBSTA/2002/INF.14

Page 11
Y Evalustion year 2000 (ref)
a0 ; . ;
a5 4 - - @ o2 concentration
a0 41 _E ________ O Radiative forcing
35 1] R O Temperature incresse
a0 4 _E ________ Sea level rize
29 11 -E ---------- E Sl E ----------
ot P : e
s G- Ty W
“HIE AL B8
5 1 a- -5 - -
0 : : !
QECDo0 EEUREFST Asi AL

Figure 3. lllustrativeresultsfrom RIVM for different indicators attributed to four global regions
in relative terms. Attribution period: 1890-2000, evaluation date 2000, sour ce of CO, emissions:
CDIAC, source of CH4 and N,O emissions (included for all indicators but concentration): EDGAR

B. Non-linearities and feedbacks

47. Severa processesin the climate system are non-linear and include feedbacks. As a consequence,
the sum of the effects of emissions from individual regionsis not equal to the effect of all emissions
together. Thisisillustrated schematically in figure 4. Two sources, A and B, together have a given
effect (figure 4, right). However, assigning a particular effect to the sources A and B is difficult. Ascan
be seen from figure 4 (left and middle), the attribution results are different, if the individual effects of A
and of B are considered compared to the effect of A and B taken together.

48, Some non-linearities occur, for example, in the carbon cycle, the atmospheric chemistry, the
relationship between concentration of CO, and radiative forcing, the relationship between radiative
forcing and temperature increase and the relation between temperature increase and sea level rise.
Feedback processes will lead to non-linearities when the feedback is strong. Even when the feedbacks
behave linearly, they introduce the same methodol ogical problems as non-linearities. The experts felt
that at this stage it is difficult to determine the relative significance of the non-linearities and feedbacks
for the attribution calcul ation.

A Effect A Effect A Effect
x
: B
! A _ LA
v Cau§e ;B Cau§e Cau§e Y
A B A B

Figure4. Schematic diagram of a non-linear relationship between a cause and an effect
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49, The original Brazilian proposal® and some participating experts used simplified linearized
models. The representation of the climate system isless redlistic, yet the attribution is simple, because
emissions at each point in time are considered as having the same effect. However, the attribution results
of such models could be misleading. In general, on short time scales, linearized models are more reliable
than on longer time scales.

50. Due to the non-linearities and the feedbacks:

@ Emissions at different pointsin time will have different effects. For example, because of
the non-linearity in the calculation of radiative forcing from concentrations, the additional radiative
forcing due to additional CO, concentration is a quarter lower today (due to higher CO, concentrations)
than it was at the beginning of industrialization (when the CO, concentration was lower).

(b) The effect of emissions of individual sources may depend on emissions of other sources.
For example, the effect of CO, emissions today is different because emissions have occurred in the past.

51. Therefore, attributing effects to different sources is not straightforward (see figure 4) and a
scientifically credible method for doing this needsto be laid out.

C. Methods of attribution

52. Several methods were proposed, before and at the expert meeting, to attribute the effects, when
the sum of the effects of individual sourcesis not equal to the effect of the total of sources: the
‘marginal’, ‘proportiona’, ‘residual’, ‘differential’ and ‘time slicing’ methods.

53. Marginal method: Asshownin figure 5 (left), the tangent is taken at the point of the total
source and applied for the individual sources. Asaconsequence, the proportion between source A and
source B is the same as the proportion between effect A and effect B. But the sum of the attributed
effectsis not equal to the total effect. Effect A and effect B can be scaled so that their total is equal to
the total effect (‘normalized marginal method’).

A Effect (angent A Effect
B $ > B
Ay
A
Cause\ Caus €
PP ” PP ”
A B A B

Figure 5. Attribution under the ‘marginal method’ (left) and the ‘proportional method’ (right).

54. Proportional method: Under the * proportional method’, the total effect is distributed
proportionally between the sources. The proportion between source A and source B is the same as the
proportion between effect A and effect B. The effect of A plus B isthe total effect (seefigure 5, right).
The result is the same as that given by the ‘normalized marginal method’, but it can be obtained without
calculating the tangent.

55. Residual method: A method that can be implemented most easily is the ‘residual method’. First
the total effect of sources A and B is calculated, then the effect of all sources but source A. The

®  The updated version of the calculations by the delegation of Brazil did include non-linear effects.
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difference between these two effectsis attributed to source A. Several groups have applied this method,
because it is easy to implement in existing models. Experts noted, however, that the attribution results
depend on the level of geographical resolution and the size of the groups. The sum of the attributed
effectsis not equal to thetotal effect. Theindividual effects can be scaled so that their total is equal to
the total effect (‘normalized residual method'). Since alternative methods exist which do not have these
properties, experts recommended not to use this method.

56. Other methods: Other methods have been proposed to attribute non-linear effects. The
preceding methods give the same “weight” to different causes, independent of their origin. The
‘differential method’ and the ‘time slicing method’ were both proposed by Enting.” They trace the origin
of the cause and treat it accordingly. Experts noted that the differential method may produce, under
certain circumstances, paradoxical results and recommended not to use this method. Regarding the ‘time
dlicing method’, experts noted that it requires additional computational power and that it treats the effect
of gases, once emitted, independent of later emissions by others (i.e. emissions by others are assumed to
be zero).

57. At the meeting, the experts discussed extensively the different methods and made progressin
understanding the methods and their characteristics. However, several issues remained unsolved and
experts could not agree on a particular method. Thereis aneed to study the issue further.

58. Figure 6 shows an example of the effect of different attribution methods. Because only four
large groups were considered, the differences appear to be small. However, these differences could be of
greater importance, if the regional resolution isincreased

100%

90% 1 18.9% 19.0% 18.9% 19.0%
80% -
70% -
° 25.8% 26.0% 26.3% 26.1%
60% 7 OALM
(0]
g o] OASIA
@ REF
40% | OECD90

30% -

20% A

10% +

0% -+

Residual Proportional Differential Time Slice
Method

Figure 6. lllustrativeresultsfrom CSIRO of the attribution calculation for temperature changein
1990 using different attribution methods. I ncludes emissions of CO,, CH, and N,O between 1890
and 1990 as provided in EDGAR-HYDE 1.3; earlier emissionswere linearly extrapolated

" CSIRO Atmospheric Research technical papers 38 and 41 and contribution to the project; see project web site.
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D. Variation of attribution start and end dates

59. All global emissions should be used in amodel calculation to validate the model. It is possible,
however, to choose a start date for the attribution, such that emissions prior to that date are not attributed
to any particular source. Likewise an attribution end date can be chosen, such that the effect of
emissions after the end date of the attribution are not attributed to any particular source.

60. The experts noted that, in general, the further one looks into the past, the more uncertain some of
the emission data can become. As aconsequence, the further the start date is moved into the past, the
more uncertain is the attribution calculation. The extent to which the uncertainty increases depends on
theindicator used. For example, due to its short lifetime, methane concentrations today are not
influenced by the methane emissions, say 100 years ago. The closer the start date is moved towards the
end date, the more the attribution is influenced by fluctuations in the emission data.

61. The experts noted that an alternative to asingle start date could be an approach whereby all
emissions are counted, though early ones with less weight than later ones, as a trade-off between the
comprehensiveness of the analysis and its certainty. The experts aso noted that emissions lying within
an attribution window, spanning from the present for a fixed number of years into the past, could be
attributed.

62. It was mentioned that countries might not have existed throughout the attribution period. Special
consideration would be necessary for such cases. Also, the significance of the start dates may vary with
the sector considered, depending on when activities in that sector started.

63. Figure 7 shows a preliminary example provided by one expert of the effect of changing the
attribution start date from 1890 to 1950. The left two columns show the relative contribution to
increased temperatures in 2000 of the four regions. The right two columns show the contributions to
increased temperature of the four groupsin the year 2100, assuming future emissions of the IPCC SRES
A2 scenario. Herethe change in the start date (third to fourth column) has less influence on the results.

100%

90% 20% 21%
’ 5 0 28% 27%

80% -

70% A

60% -

50% A

Share

40% A

30% A

20% A

10% -

0% -
Attributed Emissions:
1890-2100

Attributed Emissions:
1950-2100

Attributed Emissions:
1950-2000

Attributed Emissions
1890-2000

(historic and SRES A2 data)

Evaluation Date: 2000 Evaluation Date: 2100

Figure 7. Example by CICERO of temperature change for different attribution start and end
dates. Attributes CO,, CH,and N,O emissionsfrom EDGAR database, assuming the IPCC SRES
A2 scenario for future emissions.
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E. Evaluation date

64. Usually the attribution is determined at the end of the emission period. To consider aso the
long-term effects of emissions, the indicator can be evaluated at a future point in time after the attributed
emissions have stopped. These considerations are only relevant to those indicators related to unrealized
effects, i.e. in the cause-effect chain from concentrations onwards. The composition of the atmosphere
after the attributed emissions have stopped has an effect on decay processes and therefore may influence
the outcome of the attribution.

65. If the evaluation date is moved further into the future, the absolute values of indicators change
(e.g. sealevel continues to rise after attributed emissions have stopped) and the relative contribution of
different sources might change aswell. Evaluating an indicator further in the future also gives less
weight to short-lived gases and fast climate system processes, since those will have decayed or be
inactive while long-lived gases and slow climate system processes will still be present or active in the
atmosphere.

66. Figure 8 shows the effect on the relative attribution of moving the evaluation date from 2000 to
2050, 2100 and 2500. The relative contribution to increased temperatures from emissions between 1890
and 2000 of the four regionsis shown, including CO,, CH, and N,O and assuming no emissions after the
year 2000. Note that the changes in the attribution between 2000 and 2050 compared to later periods are
a consequence of the distribution of methane emissions within the groups.

Attribution for emission period 1890-2000

100%

90% - 20% 20% 19% 19%

80% A

0% | i 19% 18% o OALM
OASIA

BREF

OECD90

60% A

50% A

Share

40% -

30% A

20% -

10% A

0% -

2000 2050 2100 2500
Attribution date

Figure 8. Example by LBNL of how theattribution changes after attributed emissions have
“stopped” in 2000. Attributes CO,, CH,4and N,O emissions, assumes no emissions after the year
2000

F. Other forcings: aerosols and 0zone precur sors

67. Aerosols (such as sulphates and carbonaceous material) and ozone precursors (CO, NO,, non-
methane volatile organic compounds (NMV OCs)) have certain characteristics that are different from
those of the greenhouse gases included in the Kyoto Protocol:
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@ Aerosols and ozone precursors react in the atmosphere on the regional scale and have
effects on regional and global climate;

(b) Some aerosols can have a cooling effect (such as sulphate), others (such as black carbon)
and ozone precursors contribute to awarming effect.® Ozone precursors also have an effect on the
lifetime of the greenhouse gas methane;

(c) Emissions of aerosols and ozone precursors are much more uncertain than those of the
greenhouse gases included in the Kyoto Protocol. Hence their attributable effects on the atmosphere are
more uncertain.

68. Presently, Annex | Parties to the Convention should provide information on the following
indirect greenhouse gases: CO, NO, and NMVOCs. Annex | Parties are also encouraged to provide
information on SO.

69. Aerosols are not covered under the Convention or the Kyoto Protocol. However, aerosols should
be included in simple climate models to verify the historical record. They may also influence an
attribution calculation. In some test cases, when the cooling effects are considered, the results changed
significantly. Cooling effects introduce methodological problemsin comparing positive and negative
contributions to radiative forcing and temperature change. See preliminary results from NIWA and
UIUC on the web site.

G. Different scenarios

70. Different emission scenarios can be used to test the robustness of methodological choices, for
example, both increasing and decreasing scenarios.

71. Future emission scenarios can influence different atmosphere decay processes. The use of
different future emission scenarios may therefore change the attribution results, if the indicator is
evaluated at a point in timein the future. The magnitude of the change depends on the attribution
method. For the ‘time-dlicing method’ the result does not depend on the emission scenario chosen,
while for other methods the scenario choice might influence the attribution for future attribution dates.

H. Display of results

72. Experts noted that the results of different models and those of a single model can be presented in
different ways. Additional consideration needs to be given to the manner in which results are displayed
to ensure clarity and balance. The outputs could be put in the context of other socio-economic indicators.

|. General observations

73. The experts noted that changes in attribution parameters might have different effects on the
attribution result for aregion as awhole than for individual countries within that group, because emission
patterns of individual countries may vary within a group.

VI. SCIENTIFIC AND ANALYTICAL CAPACITY-BUILDING
—BROADENING PARTICIPATION

74. As noted elsewhere 16 ingtitutions presented a preliminary analysis at the expert meeting, all but
one from developed countries. The developing country experts who were present contributed actively to
the discussion, but any future effort would require building further understanding of the scientific and
methodological aspects among alarger number of countries. To gain insights into possible ways of
moving forward, participants were asked several questions, as noted below.

8 IPCC TAR, Working Group |, chapters 5 and 6.
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1. Questionsfor developed country experts: Are your models publicly available and would your
institution be willing to host a scientist from a developing country?

75. Ten participants indicated that their models were either available on the Internet or could be
made available easily. Theseincluded: CICERO, Danish Energy Agency, ECOFY S, Hadley Centre,

IAE, RIVM, RITE, Université Catholique de Louvain and University of Illinois (two groups).” The same
participants, plus those from Brazil, CSIRO and IIASA, indicated an interest “in principle” in hosting
scientists from developing countries.

76. Since all the participants were attending in their personal capacity, the responses were subject to
the need to confirm such possibilities with the senior management of the institutions and the availability
of fundsfor travel. Such one-to-one agreements between experts could prove to be an expeditious means
of transferring models and building understanding about how they can be applied. However, this
approach may require institutions in developed countries to seek additional support from their sponsors
or permission to reallocate funds.

2. Questions for developing country experts: Are you personaly interested in participating in future
analysis? Do you think your institution would be interested in participating in future analysis?

77. Among the developing country experts present, two indicated that they would be personally
interested in undertaking analysis. Othersindicated that they were confident that they could find experts
in their institutions who would be interested. In both cases the answers assume that they would have
access to one or more of the available tools and sometraining. The expert from Chinaindicated that
such arrangements might be made via existing bilateral agreements, for example, those between China
and the United Kingdom and the United States.

3. Questions for all participants: Do you have any suggestions regarding how to broaden participation of
experts from devel oping countries? What links should be established with other international
processes or groups?

78. Regarding the first question, the following are examples of some of the suggestions made by the
experts. The expert from Kenya noted that the World Meteorological Organization regional centresin
Africahave a nucleus of experts who should be contacted to determine their interest. Several experts
also indicated that the START centres might be a source of additional expertise given their existing
scientific infrastructure. The experts from Latin America noted that the International Global
Atmospheric Chemistry (IGAC) project is undergoing a reassessment of its mission and may be a source
of financial support and scientific capability. Several of the experts from developing countries noted that
their countries could, in some instances, assist in developing or testing historical emission data sets, such
as the one presented at the meeting by the University of Rio de Janeiro. Finally, several participants
suggested that training workshops could be held to assist more experts from devel oping countries and
expose them to the scientific issues.

79. The discussion of the second question largely focused on how the SBSTA could enhance the
scientific credibility of any analysis undertaken in the future by engaging other groups to peer review the
proposed approach to future work or the results. In this regard, the following options could be
considered:

@ The IPCC could be invited to nominate experts to review the scientific approach and
results of any future analytical process;

(b) The IGBP and WCRP could be solicited to oversee or contribute to any future analytical
process and/or be requested to undertake a scientific review of the approach and resuilts;

°®  Seeproject web site.
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(c) The Chair of the SBSTA could plan and guide future work, drawing on other groups for
advice and assistance and possibly a scientific steering committee.

80. In considering these suggestions, the SBSTA may wish to consider the time frame for any future
analysis and the specific role that such institutions could play, sinceit is likely that the management of
these groups would need to seek the approval of their memberships.

VIl. POSSIBLE NEXT PHASE

A. Building a morerobust attribution tool

81. The first two expert meetings defined the problem of attributing climate change/damage to
national/regional emissions and began a discussion of the methodology and scientific issues. The most
recent expert meeting (25-27 September 2002) brought together scientific experts on the climate system,
integrated assessment modelling and policy making. During this meeting a preliminary set of validation
results and attribution results were presented and discussed. These demonstrated a widespread capability
to deliver apotentially useful tool for use in attributing climate change using a variety of indicators.
However, it became clear during the discussions that developing the simplified tools from this exercise
into robust tools for attribution at a fine resolution would be a major scientific undertaking that integrates
the scientific findings of the TAR with new work that will reach beyond that of the TAR. The pathway
for accomplishing this, through a phase 111 process, was a major focus of discussion.

82. The objective of aphase 111 would be to build a set of model components and data sets to enable
the design of arobust attribution methodol ogy, together with an uncertainty analysis, that will withstand
scrutiny by the wider scientific community. To thisend it is suggested that an effort be directed towards
scientific validation of the data sets and tools, by comparing model predictions with observed indicators
of change.

83. It was felt that the tools should be composed of model components that are based on the best
scientific knowledge and that “model tuning” to fit historical observations should be avoided. This
approach is necessary in order to make transparent the scientific uncertainties in the underlying climate
science. Moreover, such model tuning does not avoid errors in the attribution cal culation since
non-linearities and biases can produce errors that do not simply scale out. The validation of the tool
through comparison of key components with the historical record forms an independent test of the
accuracy of the historical forcing (including the attributable emissions) and the model response.

B. Choice of validation data

84. The minimal set of historical climate parameters that form the basis of this validation comprises:
@ Historical global surface mean temperature change;

(b) Globa mean sea-level rise from the tide gauge record and, from the early 1990s,
altimeter data;

(c) Long-lived greenhouse gas concentrations (CO,, CH,4, N>O, chlorofluorocarbons
(CFCs)).

85. In addition, ocean heat content and tropospheric O; changes may be useful as validation data
sets, and the difference between the northern and southern hemisphere temperature anomalies can
provide an additional constraint. However, not al types of simple models may be able to predict all of
these additional quantities.
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C. Mode components

86. Following this philosophy of rigorous validation, the group of experts discussed the model
components that need to be included in the attribution tool (seetables 2 and 3). The tool should include
an emissions component, biogeochemical system components and climate system components. In
addition, where appropriate, feedbacks between components will also beincluded. The model
components are listed in the first column of tables 2 and 3. For practical application an attribution
component will also be needed. Possible choices of attribution method, their advantages and
disadvantages, are discussed in section V of this report.

87. The suggested approach is to avoid tuning and this requires that the components in the attribution
tool should be based on the best avail abl e scientific representations (e.g. bottom-up emission
inventories). These are summarized in the second column of the tables. The third column summarizes
the meeting' s recommendations for the reference case attribution tool and parameter choices. These
represent the simplest type of model that the experts felt captured the behaviour of the best available
representations. The fourth column lists needed sensitivity testing with the completed tool and/or data
that must be developed in order to complete the validation exercise. Finally, action items for the
development of thistool are shown in the last column.

88. The results presented at the expert meeting were produced with models of varying degrees of
complexity. Some of the more sophisticated models already match some of the requirements for a
reference case attribution tool (column 3 of thetables). In most cases, additional sensitivity studies or
model validation tests are needed. Hence it is anticipated that any phase 11 work would build upon, and
aim to improve, the models used to produce the preliminary results in this paper.

D. Executing phaselll

89. The aim of the phase 111 exercise would include a number of steps over atwo-year period. The
steps would include:

@ Data completion and intercomparison;
(b) Peer review of the phase 111 design;

(c) Testing and validation of modules, sensitivity analysis and quantification of
uncertainties.

Data completion and intercomparison

90. The experts noted that phase |11 would require the cooperation of the scientific community. In
particular, the required modules, emissions data, uncertainty data, and climate forcing data should be
made available to the community that will build more robust attribution tools. Thiswill require some
effort, since not all data that are part of the literature are currently fully available. The endorsement by
the SBSTA could be a critical feature in ensuring such cooperation.

Peer review of the phase |11 design

91. The design of phase |11 should be reviewed by the scientific community. This process can be
completed in parallel with the completion of the emissions data sets. It could be initiated by seeking
comments from the community on this document, particularly the following tables. Based on feedback
from such an exercise, arevision of the specifications, schedule and other information could be
produced.
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Testing and validation of modules, sensitivity analysis and quantification of uncertainties

92. The modules and data associated with the design should then be developed in a transparent
manner and made widely available to the scientific community to encourage widespread participation.
Then sensitivity studies should be carried out which simulate the range of uncertainties noted in the
tables. These studies should test the sensitivity of the attribution tool to the specification of the climate
system modul es, the biogeochemical modules, the emissions modules, and the forcing. Two kinds of
sensitivity to parameters or data are of prime interest: the sensitivity of the global mean indicators and
the sensitivity of the fractional attribution results. For the former, historical observations provide a data
set against which we can compare, whereas for the fractional attribution there is currently no consensus
asto acorrect or incorrect result. These studies will form the basis of the validation of the attribution
tools and will inform the scientific community as well as policy makers about the most important of the
uncertain parameters within the attribution model. Moreover, the results from these studies need to be
combined in order to provide an overall measure of uncertainty in the attribution calculations.

93. The phase |1l validation will quantify any biases in the reference model with respect to the
historical record, and the scientific community can use sensitivity studies to gauge the importance of any
biases (i.e. to determine whether the biases are larger than might be explained by uncertaintiesin the
data). If the biases arelarge, a special, focussed effort should be convened to determine (i) how best to
resolve differences between the historical data and the reference model and (ii) the consequences of this
resolution for the attribution. The result of such aworkshop should then be the design of a new reference
case (or cases) aswell as an improved gquantification of uncertainties.

94. Other methodological issues needing consideration for a possible phase 111 include:

@ For further assessment it is suggested that different future scenarios (IPCC SRES) be
used to see also the effect of emission reductions on the sensitivity of the methods used. For the analysis
of effects beyond 2100, stabilization scenarios may be used as background atmosphere;

(b) If socio-economic indicators are used to display the results, those listed in the IPCC
SRES should be included;

(c) A Monte Carlo analysis could provide additional insight into the sensitivities.

E. Role and contribution of other inter national scientific groups

95, Further consideration could be given to possible roles and contributions of other scientific
groups, such as the IPCC, the IGBP and the WCRP (see also paragraph 77).
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Table 2. Discussing the atmospheric abundance, biogeochemical cycles, climate change and
feedbacks
WHAT IS
STATE-OF-THE- RECOMMENDED IN g‘IE'SSII-II—Elg/Il:-l(—)YR ACTION
| SSUE ART MODELS SIMPLE MODELS VAL IDATION AND ITEMS
AND DATA SETS FOR REFERENCE
ATTRIBUTION
CASE
CFCs Well-known for Use TAR formulation No sensitivity needed
historical, future
Carbon-cycle
(COy) TAR intercomparison | Bern and ISAM-type Test ocean circulation
- in ocean showed that models models are needed feedbacks; (e.g. biology
were similar over the + stability)
short term — long term
is more uncertain
-inland Large uncertainty Non-linear models Conduct sensitivity to
especialy on needed for future land feedbacks
fertilization and
temperature feedbacks
CH,-O5-OH Moderately well- Useresponse functions | Test uncertainty to NOy
chemistry known, but from TAR and CO emissions, to
interannual variability lifetime of CH,, and to
is unexplained; stratospheric O3
Os trends are poorly depletion
known
Biogeochemical There are no global N,Oisincluded in Need toincludein Need to develop
cycleof N,O; NO | models SRES scenariosbut not | smple modelsand look | emission model
The fraction of NO, NH3 at sensitivity of for the fraction
fertilization nitrogen emissions of NO, N,O, of fertilizer
emitted as NO, NHs, NH; nitrogen emitted
and N,O isvery asNO, NHg,
uncertain and N,O
Biogeochemical There are geographic | Need toincludein Explore sensitivity to Need to develop
cycle of CH, specific models with simple models uncertainties in natural arepresentation
feedbacks to changes CH, of natural CH,4
in temperature (AT), cycleand
and water cycle changes
(AH,0) associated with
- Thereareno changesin
permafrost models temperature and
- Feedbacksto the water cycle
anthropogenic
emissions are not as
important as the
natural CH, cycle
Aerosol burden At least afactor of 2 Use TAR formulafor Explore sensitivity to Include al
for SO,, organic uncertainty in burden | SO,, OC, BC; lifetime consistent with | aerosols, both
carbon (OC), Natural emissions Climate feedback to rangein TAR natural and
black carbon uncertainty isa lifetimeisnotincluded | Usedifferent historical anthropogenic
(BC), dust and factor 2 insimplemodelsand is | and future scenariosfor | (Develop
natural aerosols Biomass/fossil fuel uncertain emissions formula based
breakdown is Need to include all Explore different on TAR results)
important for aerosols (because breakdowns for fossil
determining climate natural aerosols are and biomass emissions | Develop
forcing needed to get indirect of OC/BC in future breakdown of
effects) scenarios. Explore fossil and
Need future and effects of natural biomass burning

historical emissions
including breakdown of
fossil and biomass
burning emissions

emissions
representation for
indirect effects

emissions of OC
and BC
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Table 2 (continued)
WHAT IS
STATE-OF-THE- RECOMMENDED IN g‘IE'BSII-II—Elg/Il:-l(—)YR ACTION
| SSUE ART MODELS SIMPLE MODELS VAL IDATION AND ITEMS
AND DATA SETS FOR REFERENCE
ATTRIBUTION
CASE
Solar forcing Solar: Datafor after Solar and volcanic Explore sensitivity to Forcing changes

1978 are good forcing needsto be available with time (AF

Volcanicforcing | Severa included; select one of reconstructions for (time)) need to
reconstructions for the | the reconstructions volcanoes and solar be developed
time period before variations, including for the different
1978 are available but | The use of independent | possible future historical
are uncertain [current | measures of these projections reconstructions
GCM modelsstartin | forcings and of solar and
1850 and results are independent measures volcanic forcing
used to tune simple of climate sensitivity and distributed
models' sensitivity; impliesthereisno to modellers
need more GCM runs | guaranteethat models
with solar changes] will fit the historical AT Define/documen
Volcanic: Datafor t the reference
optical depth are case, devel op

. the alternatives
available from severa
) Need more
reconstructions, but GCM runs with
all data sets are not
. : solar changes

available asforcing

Radiative forcing | Well-known Use TAR formula No sensitivity needed

for thelong-lived | spectroscopy

greenhouse gases:

CO,, CHy, NL,O,

CFCs

Radiative forcing | Spatial distribution Use TAR formula Consider uncertainty

dueto causes +/-30% range of +/-30%

tropospheric O3 uncertainty in forcing

Aerosol direct Can get uncertainty in | Use TAR formulato Consider uncertainties Develop

forcing: SO,, OC,
BC

forcing from TAR,
Ch. 6 tables (needsto

convert emissions to
radiation forcing (RF)

based on range of
resultsin TAR

uncertainty in
forcing from

be done) TAR, Ch. 6
tables
Forcing from Several models Need to develop Consider rangein TAR | Develop
anthropogenic produce different formulafor burden and formula for
changesin dust forcings (both forcing based on TAR burden and
positive and negative) | results forcing based on
TAR results
Aerosol indirect No central Fixed at —1.8 Wm? in Consider arange of Develop
forcing: SO,, OC, | recommendation 2000 with aformulafor | central estimatesfromO | formulation that
BC based on complex historical emissions of to about —2.5 Wm'%; accounts for the
models SO, and natural Consider use of OC/BC | role of OC/BC
aerosol s effects based emissionsin formula emissionsin
on SO, emissions indirect forcing
Changesingloba | Equilibriumwarming | Included Test this range of

average surface
temperature from
radiative forcing

rangeis 1.5°C-4.5°C
for CO, increasing
from

280 to 560 ppm.

climate sensitivity
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Table 2 (continued)
WHAT IS
STATE-OF-THE- RECOMMENDED IN g‘IIE'BSIIEgILEYR ACTION
| SSUE ART MODELS SIMPLE MODELS VAL IDATION AND ITEMS
AND DATA SETS FOR REFERENCE
ATTRIBUTION
CASE
Changesin ocean | Need to reconcile Tuneto central estimate | Vary to replicate the Reconcile
temperature and differences between of GCMsor the Levitus | extremesin different differences
sealeve risefrom | Levitusand GCMs observations GCMs and the between GCMs
thermal expansion | and recommend observations. and between
uncertainty range for GCMsand
ocean heat observations.
uptake/transient Recommend
response (use GCM uncertainty
impulse / response) range for ocean
heat
uptake/transient
response
Sealevel rise Most climate Use TAR Explore uncertainty Develop further
from the change predictions made recommendation for ice | rangeto both glaciers estimates of
inlandice using mass balance melt rel ationships and and large sheets uncertainty
parameterizations. parameters range from
Some large sheet coupledice
models are available. sheet models
Globa damage AT, (AT/IAt) over 10 | Regiona effects
indicators years, sea level unpredictable especialy
precipitation and sea
level rise so recommend
only the global
indicators be used
Feedbacksdueto | H,O isimportant None included at Need to test uncertainty | Need to design
changein present to H,O changes amethod to
lightning and include
effectson feedbacks to
chemistry, change chemistry from
inH,O, T, changesin H,O
circulation and its

uncertainty
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Table 3. Discussing emissions and land-use changes
WHAT IS
SENSITIVITY
STATE-OF-THE- :QNE;?ANIL:\_AEENDED STUDIESFOR
ISSUE ART MODELS VALIDATION ACTIONITEMS
MODELSFOR
AND DATA SETS REFERENCE AND
CASE ATTRIBUTION
CO, —fossil (a) CDIAC/Marland Use(a) Use (b) and (c) also *EE A
version#?
(b) EDGAR based on
Marland?
(c) BP, by country,
1960-
CO, —land use (a) Hougton, Very important. *EE A
1x1,1700-1990 Disagreement on
(LULUCF) historical data. Use
(b) EDGAR (isit range of available
different?) data sets (with
(c) IGBP & IBIS tuning) and test.
(Foley)
CO, — natural None No change None
CH,4— anthrop (a) EDGAR, by Use(a) Use (b) and others? il
country, with
uncertainty
(b) Stern & Kaufman
- 2Ax1
(c) others?
CH, — natural (8 RIVM, 5x5 tbd tbd rok
(b) Matthews
N,O — anthrop. () EDGAR,with Use Use given uncertainty | ***
uncertainty
N,O — natural (a) fixed (use TAR Use TAR top-down thd i
top-down)
HFCs, PFCs, SFg | (a) UNFCCC, Use EDGAR for None xEE
country reporting valid studies, will
(b) EDGAR, SRES, need to use FCCC for
region attrib.
(c) Other sources ?7?
CFCs & strat. O3 | (8) WMO/UNEP O3 | Use O3 assessment None i
assessment 1998 for valid., but need
(b) UNEP database country for attrib.
for country data?
NOy — anthrop. (@) EDGAR Use(a) Aviation could be *** check
(b) National done separately consistency for non-
Greenhouse Gas (SRAGA) but not in GHG with NGGIP
Inventories simple models
Programme (NGGIP)
NOy — (&) TAR review Use TAR but may need BGC AN
natural/bio feedbacks for climate
change
CO — anthrop. Asfor NOy xEE AN
VOC —anthrop. | Asfor NOx el
SOx** (anthrop.) | (a) EDGAR Use(a) tbd rx & &&
(b) Smith, 1x1

(c) LeFohn, country?
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ISSUE

STATE-OF-THE-
ART MODELS
AND DATA SETS

WHAT IS
RECOMMENDED
INSIMPLE
MODELSFOR
REFERENCE
CASE

SENSITIVITY
STUDIESFOR
VALIDATION
AND
ATTRIBUTION

ACTIONITEMS

SOx (natural)

(a) fixed

Fixed

None, but may need
BGC feedbacks for
climate change

BC/OC (fossil)

Novakov, only some
countries

Liousse, country,
1970-

Penner, country,
1950-

EDGAR — need fuel
use and emission
factors

Bond, Zready

tbd

*k*k

BC/OC (bio-fuel)

EDGAR (need to
develop)

Logan and Yevich
Streets (Asiaonly, as
check)

tbd

*k*k

BC/OC (bio-
burn)

(a) EDGAR

FAVAYAN

BC/OC (natural)

(a) 1980s temperate
region

Fixed

None? Natural
important to indirect
effect of anthrop.

*k*k

Secondary OC

(anthrop.) =work in
progress
(natural) = use TAR
estimates

*k*k

Dust - anthrop

No clear record

Fixed

thd

LUC Albedo

Bonan, Foley
developed LUC data
Set by country?
Check LULUCF

Scaleto TAR 2000
amount

tbd

*k*k

Notes:

***  Need to define and/or document the reference case, devel op the alternatives. Must have country breakdown for attribution.
Need to establish fair agorithm of determining "country" emissions when break-up/new nations occur?

##+t Need to do more detailed evaluation of uncertainty for time history of emissions by country, i.e,, isthe early-vs-late
uncertainty different from the cumulative?

AN Biomass burning is amajor uncertainty for time trend and for country attribution. Paleodata on soot may provide some
information on how different the burns would be without human intervention.

&&& Need to compare fuel use that went into the emission scenario (compare to CDIAC), emission factors by fuel type.
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