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1 Introduction

Observations of surface air temperature indicate that a significant global average warming has
occurred during the 20th century. Several recent studies have attempted to partition this
warming between natural and man-made causes (Tett et al., 1999; Mitchell et al., 2001) leading
the Intergovernmental Panel on Climate Change (IPCC) to conclude that there is strong
evidence that man has influenced the climate (IPCC, 2001). More recent studies (Stott, 2003;
Zwiers and Zhang, 2003) have further strengthened this conclusion. Furthermore, climate
models suggest that future man-made increases in greenhouse gas (GHG) concentrations will
cause further climate changes (Cubasch et al., 2001; Johns et al., 2003), which could have large
impacts on human and ecological systems (e.g. Parry, 2004). International negotiations have
lead to a first step in combating climate change with the United Nations Framework Convention
on Climate Change (UNFCCC) and the Kyoto Protocol, but further steps (i.e. emission
reductions) are needed in order to achieve the ultimate objective of the UNFCCC of stabilizing
the GHG concentrations at non-dangerous levels (UNFCCC, 1992).

The issue of allocating these reduction obligations amongst the regions, or Parties of UNFCCC,
is called differentiation of future commitments. As part of the negotiations of the Kyoto Protocol,
the delegation of Brazil presented one approach for allocating these reductions among OECD
countries and economies in transition (the so-called Annex | Parties) based on the effect of their
cumulative historical emissions of GHGs included in the Kyoto Protocol, from 1840 onwards, on
the global average surface temperature (UNFCCC, 1997).

While the Brazilian Proposal was initially developed to further discussions on differentiation of
commitments among Annex | countries, it can also be used as a framework for allocating
emission reduction burdens across Annex | and non-Annex | countries. The proposal’'s central
idea was that there exists a functional link between GHG emissions and global temperature
increase, or other indicators along the cause—effect chain of climate change, such that the
indicator can be calculated from the emissions using a simple model or set of models. The
indicator acts as a surrogate for climate impacts, which are more difficult to calculate directly.
The methodology also assumes that it is possible to apportion the contributions to the change in
the indicator between a number of sources and emitters (e.g. nations, regions).

Although it was not adopted during the Kyoto negotiations, the Brazilian Proposal did receive
support, especially from developing countries, and the Third Conference of the Parties (COP-3)
requested the Subsidiary Body on Scientific and Technical Advice (SBSTA) to further study the
methodological and scientific aspects of the proposal. This led to continued debate and analysis
(e.g. Enting, 1998; Filho and Miguez, 1998; den Elzen et al., 1999; den Elzen and Schaeffer,
2002; Hohne, 2002; Rosa et al.,, 2004) and a number of expert meetings organized by the
UNFCCC secretariat. The objective of these meetings was to review the scientific and
methodological aspects of the proposal and to co-ordinate an intercomparison of attribution
results using a set of simple climate models in an exercise called the Assessment of
Contributions to Climate Change (ACCC). The conclusions of this analysis are described in
UNFCCC (2002b), and some institutes have reported their analysis in more detail (e.g. den
Elzen et al., 2002; Andronova and Schlesinger, 2004; den Elzen et al., 2005; Hohne and Blok,
2005; Trudinger and Enting, 2005).

A follow up exercise is now being carried out by an ad hoc group for the modeling and
assessment of contributions to climate change (MATCH) (H6hne and Ullrich, 2003) to improve
the robustness of calculations and more rigorously assess the uncertainties and methodological
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choices. In the first joint paper (den Elzen et al. 2005), the results from the first activities of
MATCH are summarized, and the central questions are addressed: how robustly can simple
climate models (SCMs) be used to attribute anthropogenic climate change to sources of GHGs
(e.g. regional sources) and what effect do a range of scientific choices (related to scientific
uncertainties) and policy-related choices, that are part of the negotiation process, have on these
attribution calculations?

An approach based solely on rationing the reported historical emissions of the Kyoto gases from
Annex | countries has some potential, hidden biases. Simply put, there is a closure problem: our
best models do not always match the observed climate system changes, including the
greenhouse gas abundances; and thus uncertainties implied in this mismatch of absolute
changes must be transferred to uncertainty of relative changes. Without some level of
confidence that (i) all known emissions of greenhouse gases (anthropogenic and natural) can
explain the historical record of atmospheric abundance and (ii) this observed history of
greenhouse gases plus other radiative forcings (e.g., solar, volcanoes, and especially
anthropogenic aerosols) can explain the observed climate changes over the 20" century, there
are possible errors in the national emissions that may be country specific, even within Annex I,
and hence in the calculated contributions to climate change. This second joint paper of the
MATCH group examines the level of closure in items (i) and (ii) above insofar as it points out the
magnitude of unspecified sources or sinks for greenhouse gases and aerosols. It compares
these with uncertainties derived from bottom-up national inventories such as EDGAR-HYDE. We
then follow the propagation of both measures of scientific uncertainty as in the first paper (den
Elzen et al. 2005) to two simple indices of climate change, the global mean surface temperature
(Tsrf) and the sea-level rise due to oceanic heat uptake (Ocn).

Paper #2 combines the propagation of errors in accountable emissions with closure calculations
to estimate possible biases, such as over/under-counting greenhouse gas emissions, or other
radiative forcings, that might be country specific. It examines the scientific uncertainty associated
with attributable emissions.

Table 1 provides an overview of greenhouse gas emissions included under the Kyoto Protocol of
various country groups. Most important gas is CO, form fossil fuels and industrial processes
followed by CO, emissions from deforestation.
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Table 1. Annual average emissions of greenhouse gas  es from various regions

\Well mixed greenhouse gases RF Lifetime GWHP, time USA average EU 15 average OECD Annex | * Estimated average
1750-1998 in years  horizon 100 a  emissions in emissions in average world total in
inw/m? (TAR) (TAR) MtCO,eq. 1990 -  MtCO,eq. 1990 -  emissions in Mt MtCO,eq. 1990-
(TAR) 2002 (UNFCCC) 2002 (UNFCCC)  CO,eq. from 1990 - 2002 (CAIT)
2002 (UNFCCC)
CO, - Carbon dioxide fossil 1.46 1 5,423 3,308 11,447 22,811
and industry
CO, - Carbon dioxide land use 1.46 1 -832 -126 -1,099 7,891
change and forestry
CH, - Methane 0.48 12 23 629 400 1,378 5,866
N,O - Nitrous oxide 0.15 114 296 420 367 970 3,254
PFCs - Perfluorocarbons 0.004 5700-11900 15 9 44 92
HFCs - Hydrofluorocarbons 0.003 0.3-260 120-12000 69 40 123 155
SF¢ - Sulphur hexafluoride 0.002 3200 22200 28 12 50 62

Y OECD Annex | countries are: Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Netherlands, New Zealand, Norway, Poland,
Portugal, Slovakia, Spain, Sweden, Switzerland, UK, USA

Table 2 provides the order of magnitude of the different forcing agents not included under the
Kyoto Protocol. Here most important are the warming effect of cluorofluorocarbons (CFCs) and
tropospgheric ozone and the cooling effect of aerosols and stratospheric ozone.

Table 2. Radiative forcing of greenhouse gases not included under the Kyoto Protocol

DRF (W/m?) uncert range

(1750 to 1998)
CFCs 029/ 0.1t00.15"
HCFCs 0.04] 0.25t00.30"'
trop O3 0.35 0.20 to 0.50
strat O3 -0.15 -0.05t0 -0.25
aer-SO2 direct -0.40 -0.20 to -0.80
aer-bb direct -0.20 -0.07 to -0.60
aer-ff OC -0.10 -0.03 to -0.30
aer-ff BC 0.20 0.10 to 0.40
mineral dust -0.6to +0.4
solar 0.30 0.1t0 0.5
land-use /albedo -0.20 -0.41t0 0.0
aer - INDIRECT J?2°??

Source: TAR except for *: IPCC (2005)

[Reference to other similar papers]
[Outline of the paper]

2 Long-lived greenhouse gases

In this chapter, we analyse the uncertainties in Annex-I emissions from inventories for the long-
lived greenhouse gases as well as possible global bias in reconciling emissions and measured
abundances of these gases in the atmosphere.
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For these long-lived components of Radiative Forcing (RF) we can use the observed
atmospheric record (whole air, firn air, and Ice cores) to define the RF history. Thus, our
guestions here are separated into the overall "closure" one (is there a systematic bias between
emissions, models, and observed abundances?) and the "attribution" one (what are Annex-I
emissions?). The following sections treat these two questions for each gas.

2.1 CO,

2.1.1 Global CO , budget and abundance

Atmospheric carbon dioxide (CO,) is controlled by its uptake and release from both land and
ocean, as well as by the emissions of other carbon containing gases, like methane and carbon
monoxide, that are chemically oxidized into CO,. Over the industrial era, CO, increased from
278 to 365 in 1998 (micromoles per mole). The natural carbon cycle includes annual fluxes of
magnitude 120 Pg of C into and out of the land biosphere during the annual cycle of
photosynthesis and decay, as well as annual exchanges with the ocean of magnitude 90 Pg-C.
Humans have altered the carbon cycle through the mining of fossil fuels (6.4 Pg-C/yr in 1997 vs.
6.7 in 20007?7?), cement making (0.2 Pg-C/yr), and deforestation (1.7 Pg-C/yr during 1980s, vs.
1.1 Pg-Clyr in 2000?,TAR, 2001) (check numbers for consistency).

The rise in atmospheric abundance over the industrial era is recorded accurately and nearly
continuously with measurements in the atmosphere, the firn air, and the air bubbles trapped in
ice cores. This record defines the change in radiative forcing of the climate due to rising CO,
and, as well, provides a key top-down constraint on CO, emissions (Figure 1).

Atmospheric CO, at Mauna Loa Observatory
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Figure 1 CO , concentration over time (Source: NOAA CMDL)

The increase in CO, concentration since 1750 can be explained by the following factors:
Anthropogenic emissions from fossil fuels and industrial processes
Anthropogenic emissions/removals from land use change and forestry
Natural removals by the biosphere
Natural removals by the ocean
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These factors are interrelated: with increased anthropogenic emissions, also the natural
removals increase. It is the interplay between these factors that influence the final CO,
concentration (Figure 2).

aiga ton carbon Jyear

Fossil Fuel emissions

kaktal D02 emissions
atincrod

-2 ocean sink,

oo 1900 zooo

Figure 2 Factors influencing the global CO , concentration (Source: SCM) [placeholder, to be
updated]

2.1.2 Estimated and derived CO , emissions

This section compares the emission estimates of CO, from bottom up inventories with emission
estimates derived from calculating backwards from atmospheric measurements.

For the backward calculation we use a carbon cycle model in backward mode with a range of
parameters to derive a range of possible anthropogenic emissions levels.

Inventories of historical global anthropogenic emissions from fossil fuels and industrial
processes are available from the CDIAC and the EDGAR databases (Ref). They have similar
global emissions within a range of 5%.

Inventories of historical global anthropogenic land-use change and forestry emissions/removals
are available from Houghton et al. (2003), EDGAR (van Aardenne et al. 2001) and Campos et
al. (2005). They differ in orders of magnitude ranging from 0.5 to 2 GtC per year in 2000.

Figure 3 provides a comparison of the global CO, emissions corridor derived from atmospheric
measurements with a carbon cycle model with the emission inventories.
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Figure 3 Reported global CO , emissions compared to emissions derived from calcu lating
backwards from observed concentrations (atmospheric measurements are not calculated numbers

they are included only to illustrate the figure!!)

We conclude from this analysis that the emission inventories are [not] in agreement with the
global budget and our current knowledge of the carbon cycle, because ...

2.1.3 CO,emissions reported by Annex | countries in comparis on with global estimates

The UNFCCC Secretariat has summarized Annex-l countries annual GHG inventory reporting
data since 1990. The most recent database (UNFCCC, 2005) covers emissions from these
countries from 1990 to 2002. IEA (2004) and CDIAC (Marland, et.al., 2003) also reported
country-based emission data of most world countries. There are two kinds of IEA assessment
data based on reference and sectoral method. The former uses energy supply information while
the latter depends on demand information.

IPCC (2000) has discussed uncertainty in terms of activity level, emission factor and estimation
method and concluded overall uncertainty of CO, emission from fossil fuel combustion
uncertainty is likely to be less than 5% for traded fuels and higher than for non-traded fuels. IEA
(2004) has made comparison of UNFCCC National Inventory Report and own estimate from
methodological point of view. It showed that for most Annex | countries two calculations were
within 5%, while some EIT and Non-Annex | countries’ difference tended to be larger.

We have to pay attention to the cause of emissions data uncertainty. IPCC guidelines (1997)
provided default method (Tier 1) and bottom-up method (Tier 2 and 3) for preparing national
emission inventory report for Annex | countries. It recommended that countries which have used
a detailed sectoral approach for CO, emissions from energy combustion also use the reference
approach for verification purposes. IEA (2004) compared two approaches and pointed out the
possibility of significant discrepancies between them. It stated that the origins of discrepancies
are statistical differences between supply and demand, aggregate net calorific values and
emission factors, allocation of fuel inputs to the transformation sector excluding power and heat
generation, misallocation of fuels to the energy sector, missing information on certain
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transformation outputs, distributions losses, and transfers and reclassification of energy products.
It also pointed out that the reasons of differences lies in the treatment of international bunker,
energy activity data, net calorific values, emission factors, stored carbon, military emissions,
coke categorization, temperature adjustment and electricity trade. It illustrated the examples of
country level discrepancies between sectoral and reference approach with possible causes in
1990 and 2002 data for Czech Republic (statistical difference for coking coal, carbon inflows to
gas works plants), Hungary (statistical difference for lignite and gas/diesel oil, carbon flows
to/from transformation process), Japan (coke ovens and statistical difference), New Zealand
(fugitive losses for liquefaction plants and statistical differences), Norway (statistical difference of
natural gas), Russia (distribution losses, blast furnaces), Sweden (oil refineries and coke ovens
efficiencies) and Turkey (coke ovens and oil refineries). Finland, France, Iceland, Ireland and
Switzerland were countries which included in the report for their difference by statistical
differences.

We compiled and compared data from IEA reference, IEA sectoral and CDAIC with UNFCCC
inventory data by country after 1990 to check the consistency among them. Numbers of IEA
reference approach are always larger than those of sectoral approach since methodological
difference lies in the estimation process.

The result from existing literatures and the database intercomparison above leads to the
conclusion that Annex-I country level database uncertainty range of recent years is less than 5
to 10% with minor exceptions.

We made another comparison of existing global fossil CO, emission databases. Total CO,
emissions from fossil fuel including fugitive emission, emission from combustion, and industrial
process are shown in Figure 4 extracted from EDGAR (Oliver, 1999) and CDAIC. The
uncertainty range of two databases is approximately 10% before 1970. On the contrary, the
range decreases to approximately 5% after 1970 reflecting the high consistency level of fossil
fuel combustion emission.

Figure 4 Global CO , emissions from fossil fuel

Figure 5 indicates fossil fuel combustion emission numbers from EDGAR, CDAIC and |IEA after
1970. The maximum range of uncertainty from four databases is approximately 5%.
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Figure 5 Global CO , emissions from fossil fuel combustion

We estimated the uncertainty range and probability distribution functions (PDF) for the source
categories based on the IPCC uncertainty estimates (Table 3). We used the emissions reported
to the UNFCCC and these uncertainties to calculate the overall PDF for emissions of OECD
Annex | countries CO, emissions. These are compared with emission estimates for the same
group of countries two datasets that cover all countries: EDGAR database and the data from
USEPA (Figure 6).

Table 3. Assumed uncertainty for CO2 emissions of O  ECD Annex | countries

CH, Uncertainty Range  PDF form
Energy — Fuel Combustion 95-105% Normal
Energy — Fugitive 90-110% Normal
Industrial processes 85-115% Normal
Waste 90-110% Normal
Other Emissions 90-110% Normal
13000
12500 - — o5%
12000 : | %
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Figure 6. Uncertainty in CO , emissions of OECD Annex | countries (need to add I EA and EDGAR
estimates)
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We observe that ....

2.2 CH,

2.2.1 Global CH 4 budget and abundance

Atmospheric methane (CH,) has both natural and anthropogenic sources. Over the industrial
era, CH, increased from 700 to 1745 (nanomoles per mole). The naturally occurring emissions
are from wetlands, termites, the ocean, and gas hydrates. Anthropogenic emissions come from
fossil fuels, landfills, ruminants, rice agriculture, waste treatment and biomass burning.
Emissions have an atmospheric residence time of about 12 years due primarily to photochemical
destruction. The current emissions are estimated to be about 600 Tg/yr, of which a little more
than half are anthropogenic based on the stable pre-industrial abundances (TAR, 2001).

We have an accurate and nearly continuous record of the CH,; abundance over the last
millennium from atmospheric, firn-air, and ice-core air measurements. As with CO,, this record
defines the radiative forcing by CH, and provides a top-down constraint on the change in CH,
emissions over the industrial era.

Development of CH4 concentrations
1600 /
1400

>
3 1000
o
800 A_#K/

1750 1800 1850 1900 1950 2000

Year

Figure 7 CH 4 concentration over time (Do we need this fig?) (So  urce:
www.giss.nasa.gov/data/simodel/ghgases/FiglB.ext.tx  t)

2.2.2 Estimated and derived CH , emissions

This section compares the emission estimates of CH, from bottom up inventories with emission
estimates derived from calculating backwards from atmospheric measurements.

10
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Using a simple box model of the global atmosphere we have derived the total emissions of
methane needed to explain the observed concentrations.

dC/dt=P-L*C=P -C/ ()
Where
C: Conc
P: Production rate
L: Loss rate
= 1/L: lifetime
Rearranging (1) we obtain
P =dC/dt + C/ (2)

To obtain annual emissions, we multiply with a conversion factor b:

E (Tglyr) = P(ppbv/yr)*b (Tg/ppbv) = b (dC/dt + C/ )

- the observed concentrations are smoothed by using a running mean (10 yrs)

- The main loss mechanism for methane is reaction with the OH radical in the troposphere. Loss
to the stratosphere and uptake in soil and loss to the stratosphere also contribute to the total
loss, which can be givenas 1/ =1/ on + 1/ spar + 1/ soi

- we have used the “best estimate” in IPCC TAR is given as: 1/8.4 = 1/9.6 + 1/120 + 1/160
(check consistency with chapter 5) and varied it by +/-10% (Need to discuss and check the
uncertainty ranges for tau)

- derived the total emissions needed to explain the observed concentration

- subtracted natural emissions (assumed constant equal to 270 Tg/yr)

- gives us the development in anthropogenic emissions

- comparison with EDGAR shows broad agreement

- Annex 1 emissions reported to UNFCCC and EDGAR Annex 1 are also shown in the graph
(with uncertainty ranges)

11
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Anthropogenic emissions of CH4
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Figure 8 Reported global CH , emissions compared to emissions derived from calcu lating
backwards from observed concentrations

2.2.3 CH, emissions reported by Annex | countries in compari son with global estimates

Methane emission data are typically more uncertain than CO, emission data from fossil fuels,
primarily due to large uncertainties in the emission factors. The emission factors are more
uncertain first because for methane, unlike for CO,, national emission factors are often
unavailable and highly aggregated regional default factors are applied. Moreover, methane
emission factors are often highly dependable on actual circumstances of the source. For
example, emission rates from livestock will depend on dietary composition, which may not be
uniform across a country or region.

Activity data are typically associated with less uncertainty than the emission factors as they are
often derived from commodity statistics (e.g. livestock, coal and gas), but may also be
considerably uncertain (e.g. carbon stocks in landfills, amount of degradable organic carbon
deposited, etc.).

The overall uncertainty in emission estimates at the national or regional scale depends on the
uncertainty of individual source categories and their relative contribution to the national total.
According to UNFCCC (2003) in 2001 more than 35 percent of all reported methane emissions
in Annex | Parties (57 Mt CHylyear) stem from livestock (mostly enteric fermentation from

12
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ruminant animals) ranging from 18 percent (Bulgaria) to 88 percent (New Zealand) of the
national total. The second largest source category across all reporting parties was solid waste
disposal sites (33 percent of all reported Annex | methane emissions), and the third largest is
fugitive emissions in the energy sector (27 percent; including pipeline transport and coal bed
methane). These contributions to the total national methane emissions, however, also vary
considerably across parties (for landfills: from 6 percent in Monaco to 57 percent in Finland; for
fugitive: from 0 percent in Sweden to 54 percent in the Czech Republic).

For many Asian countries and some others rice cultivation is also a major source of methane
emissions; e.g. in Japan about 30 percent of the total methane emissions origin in rice paddies.
Most other sources are reported to be only a small part of the national total (methane emissions
from combustion are reported at approximately 10 percent of the national total in some
European countries).

IPCC (2000) has provided default uncertainty values for some methane emission factors and
model parameters. The uncertainty default values largely depend on whether emissions are
estimated using the default (Tier 1) method or national emission factors/national methods (Tier
2/3). We have used these uncertainty estimates as follows:

We estimated the uncertainty range and probability distribution functions (PDF) for the source
categories based on the IPCC uncertainty estimates (Table 4). We used the emissions reported
to the UNFCCC and these uncertainties to calculate the overall PDF for emissions of OECD
Annex | countries CH4 emissions. These are compared with emission estimates for the same
group of countries two datasets that cover all countries: EDGAR database and the data from
USEPA (Figure 9).

Table 4. Assumed uncertainty for CH4 emissions of O  ECD Annex | countries

CH,4 Uncertainty PDF Notes
Range form
Energy — Fuel 50-150% Normal Assumption form Stationary and Automobile
Combustion uncertainties
Energy — Fugitive 50-150% Normal
Agriculture — 50-150% Normal Assumption from Ent.Fermentation and Manure
Livestock Mgmt. uncertainties
Agriculture — Other 50-150% Normal Assumption from Rice uncertaities
Waste 80-120% Normal Solid Waste uncertainty +-5%
Other Emissions not assessed (none)

13
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Figure 9. Uncertainty in CH , emissions of OECD Annex | countries

The documentation of the EDGAR 3 database (Olivier et al., 1999) provides qualitative
indications of uncertainties in the activity data, emission factors and total emissions from various
sources. For methane Olivier et al. (1999) conclude that their national total emission estimates is
associated with medium uncertainty, viz. approximately 50 percent. That this value lies higher
than the typically reported values by Annex | parties is due to the fact that for EDGAR mostly
IPCC Tier 1 methods were used to estimate emissions, while Annex | parties oftentimes employ
higher tier methods. It can be expected that also for non-Annex | parties overall uncertainties
amount to more than 30 percent since for lack of resources typically Tier 1 methods are used.

We observe that the dataset of USEPA is not independent, the estimates are derived from
UNFCCC data. In addition, emission estimates of EGDAR are above the uncertainty range that
we calculated based on UNFCCC data. At the same time, the UNFCCC data are within the 50%
uncertainty range of the EDGAR data. Although the global total of the EGDAR dataset fits well
with atmospheric concentrations (2.2.2), we believe that the UNFCCC data are of higher quality.
We subsequently use only this range. Causes for the difference may be found by further
analysing the differences in the calculation by sector and/or region.

In conclusion we note that many possible formulations lead to a misfit between resulting and
observed concentrations. Within the uncertainty it seems likely that no major sources are
missed. The sums of national emission estimates are plausible given the observed
concentrations and uncertainty. No systematic bias would be made for the contribution
calculations. A reasonable good agreement with between emission inventories and emissions
derived from observations with a simple box model.

2.3 N.O

Atmospheric nitrous oxide (N,O) has both natural and anthropogenic sources. Over the
industrial era, N,O increased from 270 to 314 (nanomoles per mole). The naturally occurring
emissions are from the ocean and soils. Anthropogenic emissions come from agricultural soils
and enhanced fertilizer use, biomass burning, cattle and feedlots, and industrial sources.

14
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Emissions have an atmospheric residence time of about 115 years due primarily to
photochemical destruction. The current emissions are estimated to be about 19 Tg/yr, of which
8 Tglyr are anthropogenic (TAR, 2001). (We need to harmonize the numbers)

We also have an accurate and nearly continuous record of the N,O abundance over the last
millennium, providing the history of radiative forcing by N,O and a top-down constraint on
anthropogenic emissions.

Development of N20O concentrations
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Figure 10 N ,O concentration over time (Do we need this fig?) (S ource:
WwWw.giss.nasa.gov/data/simodel/ghgases/Figlc.ext.tx  t)

2.3.1 Estimated and derived N ,O emissions
This section compares the emission estimates of N,O from bottom up inventories with emission

estimates derived from calculating backwards from atmospheric measurements.
- the observed concentrations are smoothed by using a running mean (10 yrs)

- a lifetime of 114 years is assumed for N20 (from TAR) (check consistency with chapter 5)
varied by +/-10% (Need to discuss and check the uncertainty ranges for tau)

- derived the total emissions needed to explain the observed concentration

- subtracted natural emissions (assumed constant equal to 12 TgN/yr)

- gives us the development in anthropogenic emissions

- comparison with EDGAR shows broad agreement, we have used -50% to +100% as range

- Annex 1 emissions reported to UNFCCC and EDGAR Annex 1 are also shown in the graph
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Anthropogenic emissions of N2O
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Figure 11 Reported global N ,O emissions compared to emissions derived from calc ulating
backwards from observed concentrations

2.3.2 N,O emissions reported by Annex | countries in compar ison with global estimates

Uncertainties in national N,O emission estimates are typically higher than those of CH,
emissions, especially uncertainties in the emission factors. This is due to the fact that the
underlying processes leading to N,O emissions are typically less well understood. In particular,
estimating indirect emissions following leaching and runoff as well as volatilization of N-
compounds requires significant knowledge of the local characteristics of N-cycle processes.
Moreover, emission factors can be highly dependent on specific circumstances (e.g. combustion
temperature, effectiveness of NO, control measures, etc) and confidence intervals are often
skewed and long-tailed. As a consequence, applying an average emission factor may lead to
substantial over- or underestimation of the actual emissions.

According to UNFCCC (2003) in 2001 almost 70 percent of all reported nitrous oxide emissions
in Annex | Parties where generated in the agricultural sector (agricultural soils, manure
management) ranging from 43 percent (Belgium, Bulgaria) to 96 percent (New Zealand) of the
national total. Emissions from transport and industrial processes account for about 10 percent
each of all N,O emissions that were reported by Annex | parties for 2001 (3027 kt N,Ol/year),
while fugitive emissions and emissions from combustion in the energy sector accounted for
approximately 7 percent. Again individual sectors’ contribution to the national total vary widely
across reporting Annex | parties. Not all Annex | countries provided recent inventories.

In non-Annex | countries emissions from savanna burning may be a substantial source of N,O,
now and in the past.
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We estimated the uncertainty range and probability distribution functions (PDF) for the source
categories based on the IPCC uncertainty estimates (Table 5). Since agriculture is the largest
source with also the largest uncertainty, we assumed that this uncertainty is dominating the
others. We used the emissions reported to the UNFCCC and this uncertainty to calculate the
overall PDF for emissions of OECD Annex | countries N,O emissions. These are compared with
emission estimates for the same group of countries two datasets that cover all countries:
EDGAR database and the data from USEPA (Figure 12).

Table 5. Assumed uncertainty for N ,0 emissions of OECD Annex | countries

N,O Uncertainty Range PDF form Notes
Energy — Transport 50-150% Normal Assumption from Automobile uncertainty
Energy — Other 10-1000% (factor of 10) Log-Normal Assumption from Fugitive Oil&Gas
Industrial Process  95-105% Normal Assumption from Adipic Acid uncertainty
Agriculture 25-400% (factor of 4) Log-Normal Assumption from Manure and Soil
Waste 50-200% (factor of 2) Log-Normal Assumption from Waste Incineration
Other Emissions not assessed (none)

12,000

—¥— N20 UNFCCC
A N20 EDGAR

10,000 | N20 2.5%
— N20 5%
N2O 755
(1)
8,000 — N20 95%
— N2097.5%
2 A N20 CAIT (USEPA)
o 6000 |
AN
z
4,000
E%%%‘%%%%%
2000 —
0 1 — — — — !

1990 19911992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Figure 12. Uncertainty in N ,O emissions of OECD Annex | countries

Olivier et al(1999) conclude that the EDGAR 3 total emission estimates are associated with large
uncertainty, viz. 100 percent (factor of 2).

We observe that the dataset of USEPA is not independent; the estimates are derived from
UNFCCC data. In addition, emission estimates of EGDAR are above the central estimate but
well within the uncertainty range that we calculated based on UNFCCC data.

We conclude that the different emission datasets are consistent but can provide emission
estimates only with a significant uncertainty range (factor 2).

17



MATCH — Modelling and Assessment of Contributions of Climate Change — Paper#2

2.4 HFCs, PFC and SF¢

2.4.1 Global budget and abundance

Hydrofluorocarbons (HFCs) are a class of synthetic greenhouse gases made up of carbon (C),
hydrogen (H), and fluorine(F). The most abundant HFCs currently in the atmosphere are HFC-
23 (CHF3), HFC-134a (CF;CFH,), and HFC-152a (CF,HCH3). HFCs are not found in the pre-
industrial air from the ice-core record, there are no natural sources.

Perfluorocarbons (PFCs) are a class of greenhouse gases made up of only carbon (C) and
fluorine (F). The most abundant PFCs currently in the atmosphere are CF, and C,Fs. Most
PFCs are not found in pre-industrial air, except for CF,4, which appears to have a natural source,
but one that is 1000 times smaller than current anthropogenic emissions.

Sulfur hexafluoride (SFg) is also a synthetic greenhouse gas.

These gases are destroyed chemically in the atmosphere with residence times for different
gases ranging from a year to more than 50,000 years. The current atmospheric abundances of
these compounds are small, in the picomoles per mole range, and compared with the big-three
greenhouse gases, these fluorinated gases are emitted in very small quantities. Their GWPs are
large, however, and globally they currently make up about 1% of the GWP-weighted
anthropogenic emissions of the Kyoto gases.

The rise in abundance of these gases has occurred over the last two decades and is well
documented. As seen from Table 1, they have contributed very little to the radiative forcing of
climate to date.

2.4.2 Estimated and derived emissions

The fluorinated greenhouse gases hydrofuorocarbons (HFCs), perfluorocarbons (PFCs) and
sulfur hexafluoride (SFg) are reported to the UNFCCC by the national governments of all
developed countries. They report an uncertainty of these emission estimates to be between 10%
and 50%. Governments of developing countries do not have such a reporting requirement and
usually do not report these emissions.

Regional emission estimates are also available from the US Environmental Protection Agency
for the years 1990, 1995 and 2000 (USEPA 2002) and from the RIVM’s EDGAR database for
the years 1990 and 1995 (Olivier and Berdowski 2001) and for 2000 (source).

HFCs, PFCs and SF¢ are (almost) completely manmade gases, have long lifetimes and their
abundances can be well traced in the atmosphere. Several efforts are made to derive global
emissions from atmospheric measurements. Several comparisons of the emission estimates
reported by countries and other sources with estimates derived from atmospheric measurements
are available (e.g. Hohne and Harnisch, 2002).

HFC-134a

HFC-134a was introduced as a replacement of CFCs and HCFCs and its emission started in
1990. It is increasing rapidly since (Figure 24). Most emissions originate from Annex | countries.
The gap between reported Annex | emissions and estimates from atmospheric measurements
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(40% in 2003) can either be due to emissions in developing countries or the systematic
underestimation of emission in Annex | countries.
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Figure 13 Emissions of HFC-134a from various source s

HFC-23

HFC-23 is formed as a by-product during the production of HCFC-22, which started in 1970.
Depending on the conditions during the production process and whether the HFC-23 is vented,
captured or destroyed, the emission rate relative to the HCFC-22 production is usually 4% to 0%
by mass. It has generally been at the high end of the range prior to 1990 and declined due to
increased awareness and consequently increased capture and destruction. The three major
emitters are the USA, Japan and the United Kingdom (Figure 25). In China, India and South
Korea production has increased dramatically in recent years. For 1990, aggregate emissions of
HFC-23 reported by Annex | Parties, not including developing countries, are a little higher than
global emissions derived from atmospheric measurements. One possible explanation would be
the use of a perhaps too high by-production factor in the emissions calculation by Annex |
Parties for the early nineties. Annex | countries report that emissions have decreased
substantially in the late 1990’s due to the installation of a new HFC destruction system in one of
its HCFC plants. This decline cannot be seen with atmospheric measurements.
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Figure 14 Emissions of HFC-23 from various sources

CF, and C,F¢

CF, is mainly emitted as a by-product during the production of primary aluminium. Over the
1990's CF,4 has also increasingly been used in semiconductor manufacturing. C,Fs is mainly
used in semiconductor manufacturing but also occurs as a by-product during the production of
primary aluminium (a factor 10 less than CF,). Emissions reported by Annex | countries are in
broad agreement with atmospheric measurements.

SFe

SF¢ is used in high voltage switch gear, in aluminium and magnesium foundries and in small
guantities in a number of other applications. Annex | countries report a downward trend in
emissions (Figure 25). Magnitude and trend are almost represented by the global estimates by
the USEPA. Emission estimates from atmospheric measurements using various techniques to
measure SFg are in broad agreement and show much a higher emission levels: in 1995 by a
factor of 2. This difference can be due to emissions in Russia and China or other developing
countries but also due to a systematic underestimation of SFg emissions using too low emission
factors. In addition, the downward emission trend of Annex | countries is not clearly visible from
the atmospheric measurements.
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Figure 15 Emissions of SF ¢ from various sources

Emission estimates of the HFCs, PFCs and SFgs are only in broad agreement with the
atmospheric budgets. Emissions of gases slowly leaking from appliances (HFC 134a and SFg)
may be underestimated, while declining process emissions may be initially overestimated.
However, since emissions of these gases only have a small share compared to the other
greenhouse gases, these systematic biases are likely to affect the historical contributions of
countries only marginally. Total radiative forcing in 2000 were 0.0058 W/m? for HFCs, 0.0036
W/m? for PFCs and in 1998 0.002 W/m? for SF¢ (IPCC/TEAP 2005, IPCC 2001).

2.5 CFCs, HCFCs and other halocarbons

Chlorofluorocarbons (CFCs) are a class of entirely synthetic gases composed only of carbon
(©), fluorine (F), and chlorine (CI), which have been manufactured only since 1930. The likewise
synthetic hydrochlorofluorocarbons (HCFCs) are CFCs that additionally contain hydrogen (H).
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All of these gases destroyed chemically in the atmosphere. There current atmospheric
abundances are in the picomoles per mole range, and emissions are being phased out in accord
with the Montreal Protocol and its amendments and adjustments. These gases are not included
with the Kyoto gases listed in Table 1. As with the other long-lived greenhouse gases (Sections
2.1-2.4), we have an accurate and nearly continuous history of their abundance, and hence
radiative forcing, from atmospheric, firn-air, and ice-core air measurements.

Chlorofluorcarbons (CFCs), hydrochlorofluorocarbons (HCFCs) and other chlorocarbons
(CH3CCl; and CCl,) are greenhouse gases (causing direct warming) and also deplete the
greenhouse gas ozone (causing indirect cooling). Their emissions have a significant contribution
to radiative forcing: Direct effect in 2000 was 0.275 £ 0.025 W/m?for CFCs, 0.0328 + 0.005 for
HCFCs and 0.0155 + 0.005 in 2000 (IPCC 2005). A history of the direct radiative forcing is
provided in Figure 16. Their indirect effect due to ozone depletion is depicted in chapter 3.1.

The emissions of these gases are controlled by the Montreal Protocol on the Depletion of the
Ozone Layer. For the purpose of this paper, emissions are not to be attributed to countries and
hence are not further considered here.

Ozone depleting substances
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—

0.3
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0.25 H .
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Figure 16. Direct radiative forcing due to halocarb  ons (Data source: Forster and Joshi 2005 as
used in IPCC Special report on ozone and climate, f  igure 2.10)

3 Short-lived Greenhouse Agents & other forcings

3.1 Ozone

The ozone concentration has declined on the stratosphere due to emissions of ozone depleting
substances (-0.13 + 0.085 W/m?) and has increased in the troposphere due to combustion
processes (+0.37 £ ... W/m?), see Figure 17.

For tropospheric ozone, we have O3z abundance/RF histories from:
- Myhre et al. 2001 and Berntsen et al. 2000 (RF)

- Lamarque et al., 2005 (DU units)

- Shindell et al. (submitted) (RF)

- Tett et al., 2002.
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Lamarqgue et al. (2005) gives development in ozone burden (DU). We have used the factor given
by TAR for RF per change in DU to calculate a RF history for these data.

In the paper by Shindell et al. the history is given for instantaneous RF. Based on results from
two different radiation transfer models (UiO/Myhre and Reading/Shine in Berntsen et al., 1997)
these RF results are scaled to give adjusted RF to allow for a comparison with the other results
in the figure.

Uncertainty range

According to TAR, the global mean tropospheric O3z has increased from 25 DU to 34 DU since
pre-industrial times; i.e. an increase of 9 DU. An uncertainty range of 6 to 13 DU is given. (The
troposphere is defined as air with O; <150 ppb, see Logan (1999)).

The Dobson Unit is 1 DU = 2.687-10% molecules, globally 1 DU = 10.9 Tg(O;) and 1 ppb of
tropospheric Oz = 0.65 DU. The change in CH,4 alone since pre-industrial conditions would give
about +4 DU global increase in tropospheric Oz alone (see TAR, Table 4.11). From Table 6.3 in
TAR: 0.042 W/m? per DU with 2/3 of models in range 0.042+0.06 W/m? per DU.

If these uncertainties are propagated equally (rms), then RF = 0.38+0.18 W/m?.

This is slightly higher than the estimate given in Chapter 6 in TAR: The global average radiative
forcing due to increases in tropospheric Oz since pre-industrial times is estimated to be +0.35 +
0.15 Wm?2. For the RF history we suggest using the Myhre data with the uncertainty range given
above.

RF-03 histories
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Figure 17. RF histories for tropospheric ozone base  d on various studies.
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Figure 18. Radiative forcing from tropospheric and stratospheric ozone

3.2 Direct aerosol forcing and uncertainties
(Penner, Andronova, Bond, Aardenne, 15 September 2005)

The magnitude of the direct and indirect aerosol radiative forcing plays a major role in attribution
of the recent and future climate change and contributes large uncertainties to estimates of the
climate sensitivity (Andronova and Schlesinger, 2001). Here we examine both the historical
changes in these forcings and their uncertainties.

The direct radiative forcing is derived from estimates of historical emissions. The uncertainties in
those emissions are used to estimate the uncertainties in forcing, since the uncertainty in
emissions is one of the most important factors in determining the uncertainty in the direct forcing
the total uncertainty in estimates of the direct aerosol radiative forcing [Penner et al., 2001].

The direct aerosol forcing is associated with the scattering and absorption of sunlight by
aerosols. The main aerosol constituents that contribute to this forcing are sulfate aerosols,
carbonaceous aerosols (black carbon [BC] and organic matter [OM]) from fossil fuels, and
smoke aerosols produced in biomass burning. The smoke aerosols from biomass burning can
be further subdivided into emissions associated with biofuel burning and with open vegetation
burning. Emissions of dust due to anthropogenic activities are also recognized as a potential
contributor [Tegen et al., 1996], though the magnitude of the anthropogenic source is now
estimated to be somewhat smaller than originally thought [Prospero??]. Nitrate aerosols formed
from emissions of NO, combining with ammonium are also recognized as a potential contributor.
However, these are mainly important in future scenarios when sulfate aerosols are expected to
decrease [Adams et al., 2001].

The direct radiative forcing for anthropogenic sulfate aerosols, fossil fuel organic matter and
black carbon and biomass burning was estimated by Ramaswamy et al. [2001] from model
simulations. These forcings and their uncertainties (in percentage) were: sulfate aerosol: -0.4
Wm? (100%), fossil fuel black carbon: 0.20 Wm™ (100%), fossil fuel organic matter: -0.1 Wm™
(200%), biomass burning: -0.2 Wm? (200%), mineral dust (range from +0.4 to —0.6). The
uncertainties were estimated from the range of results from model simulations and “have no
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statistical basis”. A second estimate of the forcing and its uncertainty was based on estimates of
the uncertainty associated with each factor that contributes to the direct forcing, using a simple
box model [Penner et al., 2001] and assuming lognormal distribution of the uncertainties. This
resulted in an estimate of -0.6 + 0.42 W/m?for the combined forcing from sulfate aerosols and
fossil fuel BC and OM and its 2/3 uncertainty range and of -0.3 + 0.2 W/m? for the forcing from
biomass aerosols.

To develop estimates of forcing by fossil fuel carbonaceous aerosols, we used these central
estimates for forcing by fossil fuel BC and fossil fuel POM for the forcing in 2000, i.e. 0.2 Wm™
and —0.1 Wm?, respectively. Prior years forcing were estimated by scaling with the estimates of
prior years’ emissions. These were developed as follows.

Primary fossil fuel emissions of OM and BC were determined using the baseline fossil fuel
emissions from Ito and Penner [2005] for 1985 to the present. Prior to 1985, emissions assumed
the following. Between 1975 and 1985, we assumed a linear decrease with time from the
emission factors for 1975 and those for 1985. Between 1970 and 1975, for developed countries,
the average emission factors between those for developing countries and those for developed
countries were used. Emissions between 1950 and 1970 used developing country emission
factors for all countries and emissions prior to this time were scaled so that emissions smoothly
connect with those in 1950. The total emissions developed in this way after 1970 are similar to
those developed by Bond [private communication, 2005], but drop below hers by almost a factor
of two in 1950. The OM primary emissions were multiplied by a factor of 4.3 to account for
increases associated with the production of secondary fossil fuel OM [Penner et al., 2001;
Cooke et al., 1999].

The 95% confidence interval associated with BC and OM emissions from fossil fuels in the year
2000 are based on the analysis of Bond et al. [2004] and are -40% to 150% and -50% to 125%
for BC and OM emissions, respectively.

Forcing from biofuels used the same forcing per unit emissions as for fossil fuels, but used the
biofuel emissions from Ito and Penner [2005]. Total biofuel BC emissions from Bond [private
communication, 2005] are about 1.14 Tg/yr compared to only 0.77 Tg/yr from Ito and Penner
[2005]. Bond’s emissions increase to 1.64 Tg/yr in 1996 compared to Ito and Penner’'s [2005]
estimates of 1.97 Tg/yr. The 95% confidence interval associated with BC and OM emissions
from biofuels in the year 2000 are based on the analysis of Bond et al. [2004] and are -50% to
180% and -55% to 125% for BC and OM emissions, respectively, but clearly increase in prior
years.

Forcing from open vegetation used the value from the Ramaswamy et al. [2001] for the year
2000 (i.e. —0.2 Wm). Prior years’ forcing was scaled to the total forcing by the open vegetation
emissions from Ito and Penner [2005]. Two-sigma uncertainties for this category of emissions
were estimated as +28% for the time period between 1979 and 2000 [Ito and Penner, 2005]
based on an inverse modeling study, but the true uncertainties are likely larger than this
estimate. Prior to this time, uncertainties are likely much larger. Emissions from open vegetation
dominate the total carbonaceous emissions (Ito and Penner, 2005). Thus, the uncertainties in
the total forcing were assumed to be dominated by this source. A 1-sigma value of +30% was
assumed to account for factors not explicitly considered in our estimates of uncertainty. This
uncertainty was increased to a value of £60% at an initial time period of 1750.

Sulfate direct forcing for the year 2000 was determined using the estimate of forcing from
Ramaswamy et al. [2001] for 2000, and was scaled back in time using the estimates of
emissions from Stern [2005]. Uncertainties were developed from the summary of estimates
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provided in van Aardenne et al. [2001]. A 1-sigma uncertainty of +10% increasing back in time to
+20%.

3.3 Indirect aerosol forcing and uncertainties
(Penner, Andronova, Bond, Aardenne, 15 September 2005)

The indirect aerosol forcing, known also as “indirect effect of the aerosols” or “warm cloud
aerosol indirect effect”, originates from the fact that aerosol particles change cloud properties by
acting as cloud condensation nuclei and/or ice nuclei, thereby changing the optical properties of
clouds. Two such effects have been recognized: (a) an effect related to a change in the droplet
number concentration — the “Twomey effect”, and (b) an effect related to a change in the
precipitation efficiency and cloud lifetime — the “Albrecht effect.” These effects are difficult to
guantify from direct measurements, and calculation of their size is mainly derived from models of
aerosol and cloud microphysics coupled to the atmospheric models (direct method), or from
constraining the magnitude of the indirect aerosol forcing from the near-surface temperature
observations using inverse methods and assuming that the rest components of the total forcing
are known. Methodologically, the direct calculations of the aerosol indirect effect are more
uncertain than estimates obtained by inverse methods (see Anderson et al, 2004), though the
latter estimates actually refer to the sum total of effects not directly modelled in the study (so
aerosol indirect effects on ice or changes to water vapour in the stratosphere are, for example,
included). This is because in the absence of detailed observations and with the lack of
necessary spatial and temporal model resolution, the direct calculation of the aerosol indirect
effects has to include many “free” parameters and crude parameterizations.

The IPCC Third Assessment Report cited two estimates of the Twomey effect: the first was
based on calculations by general circulation models (GCMs) and ranged between 0 and —2W/m?
in the global mean (Ramaswamy et al.,, 2001); the second was based on the method of
propagating uncertainties using a simple box model representation of aerosol/cloud interactions
on global scale and ranged between 0 and —2.8W/m? (Penner et al, 2001). Both estimates are
close to each other with the latter showing slightly wider range.

Since the last IPCC report the indirect aerosol effect has been under continuous investigation
(Ghan et al., 2001; Jones et al.,, 2001; Lohmann and Feichter, 2001; Williams et al., 2001;
Menon et al., 2002a), but with a little revisions: the Twomey effect is estimated to be between —
0.5 and —1.9 W/m? and the Albrecht effect is between —0.3 and —1.4 W/m®. Here we will
consider the forcing and uncertainties only in the first indirect effect. These uncertainties come
from the following facts: (1) different definitions of the indirect aerosol forcing is used in literature
(see e.g. Chuang et al. (2002), Rotstayn and Liu (2003) and Quaas et al. (2004) vs Menon et al.
(2002a)); (2) the cloud albedo depends on both the cloud droplet size and the cloud thickness
and cloud fraction or cover, which are difficult to predict; (3) the indirect aerosol effect depends
on the background aerosol concentration, which is different in different regions. Calculation of
the second indirect effect is further uncertain because there are differences in the cloud
microphysics scheme used by different researchers, which is mainly related to the
representation of the cloud droplet autoconversion rate.

Here we take the existing estimates from GCMs (Ramaswamy et al., 2001) as being 0 to -2
W/m?, and first assume that each value from this range is equally probable, which corresponds
to a flat probability density function (pdf); second, we assume they are distributed normally with
a mean —1 W/m? with variance equals to 1 W/m?. We combined these two distributions with that
from the empirical estimate of Penner et al. (2001) taken here as —1.4+1.4 W/m? (one sigma)
where we assume there is a lognormal distribution of uncertainties (Boucher and Haywood,
2001). There is not much difference in two versions of the resulting density functions: inclusion

25



MATCH — Modelling and Assessment of Contributions of Climate Change — Paper#2

of the normal distribution instead of a flat distribution in the estimates obtained from GCMs
makes the 90% confidence interval only a little narrower with difference in the median equal 0.14
W/m?. These uncertainties were used to estimate the 1-sigma uncertainty in 2000 and scaled
back in time as described below.
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Figure 19. History of radiative forcing from aeroso Is

3.4 Derived net aerosols from detection and attribu  tion analysis
Jason Lowe, Peter Stott

3.5 Other / Natural Forcings
(Lowe, Andronova,...)

Do we want to quickly summarize here an RF range for solar and volcanic? And for LUCF-
albedo change?

Product: History of total RF from total solar irra diance changes, volcanoes, Inad-use
albedo changes (cooling).
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Figure 20. Total history of radiative forcing, best estimate

4 RF and Climate Change
(Lowe, Raper, Stott,...)

This section examines the possible errors/uncertainties in going from greenhouse gas
abundances and other specified RFs to climate change. A failure/discrepancy in climate models
to reproduce the last 150 years of climate change (i.e., global mean surface T and patterns,
mean sea level rise) could be due to either (i) a failure of the model to simulate climate
feedbacks (e.g., water & clouds) OR (ii) a possible error in the RF history. In either case,
significant discrepancy reduces overall confidence in attributing climate change, even relative
climate change. In case (ii), however, there are several errors that might significantly alter the
relative attribution: e.g., non-linear additivity effects of different greenhouse agents, incorrect
calculation of RF from abundance missing gases (unlikely).

4.1 Mapping Abundances to RF
4.2 Reconciling RF with climate change record (forw  ard and reverse)
4.3 Forward models of Annex-1 emissions/ RF to clim  ate indices

Which ones?

4.4 Spatial patterns and attribution from the 3 GCM runs

Product:? Confidence that the relative RF histories are acorrect measure of the relative climate
change. Estimate possible errors/ systematic bias in RF.

5 Uncertainty of impact of OECD Annex | emissions

In this section we illustrate contributions to climate change and associated uncertainties of the
full cause effect chain at the example of emissions of OECD Annex | countries from 1990 to
2002. The emissions of this group are presented in Table 6.
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Table 6. Emissions of OECD Annex | countries in Gg of the gases

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

CO, 11,098,238 10,939,239 10,982,798 11,012,779 11,183,033 11,287,051/ 11,628,890 11,660,626 11,682,851 11,773,914 12,007,595 11,922,051 11,999,103
CH, 69,237 68,514 68,048 67,358 67,565 67,756 66,378 65,455 64,848 63,715 63,116 62,006 61,289
N.O 3,164 3,088 3,090 3,064 3,220 3,200 3,247 3,243 3,192 3,096 3,087 3,034 2,941
HFC-23 3.95 3.54 3.99 3.82 3.92 5.43 5.65 5.55 6.39 5.36 4.87 3.25 2.86
HFC-134a 0.37 0.46 1.06 2.55 6.00 20.15 28.14 36.08 42,51 48.59 54.93 60.54 65.05
CF, 5.83 5.18 4.64 4.30 3.73 3.88 3.88 3.62 3.32 3.10 2.95 2.06 2.20
C2Fs 0.88 0.80 0.74 0.74 0.71 0.69 0.75 0.74 0.74 0.74 0.61 0.48 0.52
SFe 2.84 2.81 2.64 2.85 2.79 2.64 2.78 2.50 2.19 1.91 1.69 1.54 1.50

OECD Annex | countries are: Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Netherlands, New Zealand, Norway, Poland,
Portugal, Slovakia, Spain, Sweden, Switzerland, UK, USA

Source: UNFCCC database

To calculate the contribution to radiative forcing we use two cases for each gas: In a first case
we use total global emissions from 1750 to 2002 to calculate total concentrations and radiative
forcing. In a second case we used the total global emissions minus the emissions of OECD
Annex | countries 1990 to 2002 to also calculate concentrations and radiative forcing. The
contribution of OECD Annex | countries to concentrations and radiative forcing is then the
difference between the first and the second case (residual method).

To calculate the full uncertainty of the contribution of CO,, CH4 and N,O due to the uncertainty in
emissions and due to uncertainty in the carbon cycle / CH, and N,O model, we calculate many
of these pairs for varying the OECD Annex | countries emissions according to the probability
distribution (Section 2) and varying the parameters of the carbon cycle / CH4 / N,O model.

[The algorithm in Monte Carlo style for CO, would look like the following:
For different parameters of the carbon cycle
For different OECD Annex | emissions
Calculate total global CO, emissions from observed CO, concentrations
Calculate total global radiative forcing from increased CO, concentration
Calculate CO, concentration and radiative forcing from global total emissions minus
emissions of OECD Annex |
Calculate difference in between the two cases for concentration and radiative forcing
Next
Next]

The resulting probability distributions for radiative forcing of the different gases are combined
and fed into the climate model to calculate in Monte Carlo analysis the total contribution to
temperature increase and associated probability distribution. Figure 21 show the results.

[to be completed]

Figure 21. Probability distribution of the contribu tion of OECD Annex | country emissions from
1990 to 2002 to temperature increase in 2002

6 Conclusions

In this paper we have shown that the inventories of greenhouse gas emissions [fit well] with the
inferred emissions calculated from increased atmospheric concentrations. We have quantified
the uncertainty that remains in these processes...
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We have further shown that the radiative forcing from increased concentrations of well mixed
greenhouse gases and from other forcing agents fit well with observed temperature increase for

certain

Finally,
Annex

In total,

parameter combinations. Explain which

we have calculated the full probability distribution function of the contribution of OECD
| countries to radiative forcing and temperature increase.

we conclude that

the methods are [not] robust ...

Total uncertainties of contributions to temperature increase are in the order of ...
Major factors influencing the uncertainty are...
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