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Executive summary and key recommendations

1. The Ad Hoc Expert Group on Black Carbon, coidwiby the United States of

America and Norway and with participation of Pagtand observers to the Convention on
Long-range Transboundary Air Pollution, has assksseilable information on black

carbon to, inter alia, articulate the rationale &oidressing near-term and regional/Arctic
climate change impacts of air pollution along witmpacts on human health and
ecosystems under the Convention. Nothing in thi®meshould be interpreted as negating
the need for ambitious and concurrent reductionerig-lived greenhouse gases.

2. There are clear environmental benefits to redueimissions of black carbon (BC),
based on available information. Given this fact ahd success of the Convention in
negotiating and achieving real emission reductionair pollutants, the Executive Body
should actively consider the options for actionspreed in this report. Combined, the
regional climate impacts and the known health benéiat would accrue to the United
Nations Economic Commission for Europe (UNECE) oadby reducing particulate matter
(PM) justify the Executive Body considering optidsmitigate BC as a component of PM
when making revisions to the Convention’'s 1999 @noburg Protocol to Abate

Acidification, Eutrophication and Ground-level OeofGothenburg Protocol).

3. BC is a strongly light-absorbing carbonaceousos® produced by incomplete

combustion of various fuels. There is general cosge that mitigation of BC will lead to

positive regional impacts by reducing BC depositiorareas with snow and ice. There is
also general consensus that reducing primary PVbeilefit public health. Less certain are
the direction and magnitude of the global radiafiweing associated with BC. This is due
in large part to poorly understood mechanisms biglwvBC interacts with clouds.

4, The Arctic, as well as alpine regions, may birmabre than other regions from
reducing emissions of BC, which both warms the aphere and when deposited increases
the melting of snow and ice. BC contributes to shew-albedo feedback, which may be
altering the global radiative balance. Climate psses unique to the Arctic have
significant effects that extend globally. The Im@ional Panel on Climate Change (IPCC)
noted nearly 10 years ago that changes, which dechaelting of glaciers, sea ice, and
permafrost, have already taken place. As a remttipn must be taken in the very near term
to reduce the rate of warming.

5. The Executive Body should consider the advastageintegrated air quality and

climate policies. Climate and air quality are inedbly linked, and strategies devised for
one will likely impact the other. For example, ajuality management strategies that
reduced emissions of secondary PM precursors (@siculphur and nitrogen oxides) for
public health and ecosystem protection resulted mainly cooling effect, which has had
the effect of counteracting the levels of anthragag climate change that would have
occurred in the absence of these emissions. Ineiative that the important work of

improving public health by cleaning the air con@inbut going forward in a way that is also
beneficial for climate.

6. While it is clear that BC emission reductions uldo be expected to provide
important health and climate benefits, there isstaitial room for improving the
knowledge base with respect to emissions and imp&te of the greatest sources of
scientific uncertainties arises from the lack ofision data. At this time, no country has a
comprehensive programme to measure and reporpifesiens and ambient concentrations
of black carbon (and other carbonaceous aerosbts)enable formulation of effective
strategies and policies, technical work on BC uriderConvention should be strengthened.
The Executive Body should therefore consider tagkipecific existing Convention bodies
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to recommend the most constructive path forwardyidhering and sharing data. This may
include collaboration with groups working on BC side the auspices of the Convention.

7. BC emissions in the UNECE region are expectedetdine between 2000 and 2020
by about one third as a result of current emissiontrol legislation, primarily in the
transport sector. These reductions are dependenfulbnimplementation of existing
legislation, which is not necessarily guaranteedrédver, while overall BC emissions are
expected to decrease, emissions from certain sentay substantially increase. Currently
available measures could reduce BC emissions bjhand0 per cent by 2020.

8. Several possible options for including BC inewised Gothenburg Protocol are
included in the report, ranging from establishirevant environmental objectives to
taking action to reduce emissions. For emissiongton commitments, a range of options
are identified, such as national emission ceiliagd source-specific emission limit values.
Important sectors with mitigation potential remauni after current legislation is
implemented are residential combustion, non-roadhileanachinery, road transport and
open burning. Further elaboration of the type ofission reduction commitments may
involve many existing Convention task forces, cesmtunder the Cooperative Programme
for Monitoring and Evaluation of the Long-range fiseission of Air Pollutants in Europe
(EMEP), and expert groups.

9. The recommendations here are a subset of thenreendations found in the report,
with further detail available therein. In additiom including BC in the revisions of the
Gothenburg Protocol, the Executive Body should warsthe following recommendations
for implementation in its 2011 draft workplan:

(a) Improving emission inventories will enable tRarties to select optimal
control policies and identify sources that may belarreported or missing from known
inventories. Careful evaluation of emission datadgsded as differences for specific sectors
can be very large because of different emissiortofacor varying methodological
approaches. The Task Force on Emission Inventarid€Projections should give priority to
work on guidelines for BC inventories with a focas BC reductions achievable from
existing PM control measures or techniques;

(b)  The Executive Body should support the initiativsy EMEP to identify the
relevant characteristics of BC to be monitored sepbrted and should support the swiftest
possible implementation of EMEP’s monitoring stegptéor 2010-2019;

(c) If the Executive Body determines to include BCthe revisions to the
Gothenburg Protocol, it may wish to consider chagghe Ad Hoc Expert Group or some
other Convention body to:

0] Develop in greater detail the potential opticies using both mandatory
and/or voluntary provisions for BC in a revised Batburg Protocol;

(i)  Develop more information on existing and emaggcontrol technologies for
BC;

(iii)y  Develop additional options for mechanisms Wwhich Parties that have not
yet ratified a revised Protocol might make progresgards a stated environmental
objective;

(d)  BC emission from shipping in the Arctic may riease by a factor of two to
three by 2050. This may have a significant impacttee Arctic environment. This issue is
presently under consideration in the Internatidviatitime Organization (IMO). Although
emissions from international shipping are not ideld in the work under the Convention,
the Executive Body could consider informing the IN®out its concern about the effects
of BC on the Arctic.
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10. The Executive Body should also consider thdofohg recommendations for
longer-term implementation:

(a) Institute mandatory monitoring and reportingjuieements for BC and
organic carbon (OC) emissions;

(b)  Consider how to ensure implementation of angeed upon requirements,
including consideration of needed resources;

(c) Because the knowledge of BC is rapidly deveigpithe Executive Body
should consider setting a time frame for incremem&view of work and possible
commitments on BC;

(d)  Also suggested are possible outreach activ{geg., capacity-building and
cooperation on monitoring, developing emission imoees, and mitigation measures) to
non-UNECE countries, countries with economies angition, and countries preparing to
ratify the Gothenburg Protocol.

. Introduction

11. The Ad Hoc Expert Group on Black Carbon waakdisthed by the Executive Body

of the Convention on Long Range Transboundary Ailuon in December 2009. The

mandate of the Ad Hoc Expert Group is to providéams for whether, and if so how, the
Executive Body might consider addressing emiss@inBC to benefit public health and

reduce climate impacts, particularly impacts inaaref snow and ice. The Expert Group
was specifically requested to identify options fmtential revisions to the Gothenburg
Protocol that would enable the Parties to mitigdfeas a component of PM.

12.  This report was prepared by the Co-Chairs Ilaloration with experts from across
the Parties to the Convention and other invitedeetsp The Ad Hoc Expert Group had
representation from Belgium, Canada, Denmark, Eaztothe European Union (EU),

Finland, France, Germany, Ireland, Italy, the Netls, Norway, the Russian Federation,
Slovenia, Spain, Sweden, Switzerland, the Unitealglom of Great Britain and Northern

Ireland, and the United States of America. Addisiloparticipants included representatives
from the UNECE secretariat, the European EnvirortaiéBureau, experts from the EMEP
centres (Chemical Coordinating Centre, MeteorolalgiSynthesizing Centre-West,

Meteorological Synthesizing Centre-East and Cdwotréntegrated Assessment Modelling),
the EMEP Task Force on Measurement and ModelllmgBMEP Task Force on Emission
Inventories and Projections, the Task Force on ldphdric Transport of Air Pollution and

the Expert Group on Techno-economic Issues, as aglbbservers from several non-
governmental organizations.

13.  This report has five main objectives: (a) ttcatate the rationale for addressing
near-term and regional/Arctic climate change impasftair pollution along with impacts
on human health and ecosystems under the Convefitipto summarize the current work
on black and organic carbon by Parties under thev@aion; (c) to assess current black
and organic carbon emissions information availafde Parties to the Convention,
particularly for key sectors; (d) to identify prigr BC emission reduction opportunities in
the UNECE region and the associated costs, impleatien feasibility, and potential
health, ecosystem, and near-term climate bendfitisese measures; and (e) to identify the
scientific and technical requirements, as well a@s-technical measures, needed for
implementing options to reduce BC and evaluate nessyover time.
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14. BC and OC are produced by incomplete combustiowarious fuels. BC is a
strongly light-absorbing carbonaceous aerosol aadnms much more than OC cools, per
ton. * Because of its light absorbing properties, BCtidbutes significantly to global
warming by directly absorbing sunlight and to regibwarming by darkening ice and
snow. Direct BC warming is considerable at the globcale; however, the limited
understanding of other climate impacts (e.g., B&dlinteractions) make the net global
climate impact uncertaitf. Due to the fine size and chemical composition &, Bts
negative health effects are also widely recognized.

15. Immediate climate benefits of BC mitigation gressible because it has a short
atmospheric lifetime and it is strongly absorbifbere is general consensus that mitigation
of BC will lead to beneficial regional impacts vieduction of BC deposition on snow and

ice, though uncertainties remain in the understanaf global impacts. These limitations

do not, however, minimize the need for mitigatiativaties in the near term.

16.  Particulate matter originates through two dgdtiprocesses. It can be directly
emitted and referred to as primary PM; and it canfdtrmed in the atmosphere from

precursor emissions (e.g., such as sulphur oxiddsnérogen oxides) and referred to as
secondary PM. BC is a constituent of primary PM s=mioins. Because BC is emitted in
varying amounts with other pollutants that also actpclimate and public health, (e.g.,

other aerosols such as OC, PM and ozone precurgmenhouse gases and toxic air
pollutants) BC mitigation measures must be evatldtea way that recognizes the full

range of impacts of these co-emitted pollutantgigdtion measures focused on reducing
secondary PM may or may not reduce BC.

17.  Many terms are used, often interchangeablgieszribe the strongly light absorbing
subset of particulates. Soot, elemental carbonact¥e carbon and BC are all in use, but
there remains no universal definition or means d#ntifying exactly which subset of
aerosol particles are of concern when addressintptd change. For the purposes of this
report, BC is synonymous with elemental carbon.dRestudies suggest that there is likely
a larger group of aerosols — sometimes referremsttbrown carbon” or “light absorbing
carbon” — that may influence climate and publicltted The work to define and establish
measurement techniques for the entire suite ot-bdisorbing aerosols goes beyond the
scope of this Expert Group, but should be encoutagenandated by the Executive Body.

Rationale

18. Controlling emissions of BC will result in h#albenefits and climate benefits,
especially in sensitive regions such as the Ardiie magnitude of the net effects of direct
and indirect radiative forcing of BC on the gloladimate is subject to some uncertainty;
nevertheless, there is emerging consensus regattitngegional influence of BC on areas

Saathoff, H., K.—H. Naumann, M. Schnaiter, W. S¢h®. Mcler, U. Schurath, E. Weingartner,
M. Gysel, and U. Baltensperger. 2003. Coating of smd (NH),SO, particles by ozonolysis
products ofx-pinene. Journal of Aerosol Science 34, (10): 12921.

Lesins, G., P. Chylek, and U. Lohmann. 2002. Algtof internal and external mixing scenarios and
its effect on aerosol optical properties and diradiative forcing. Journal of Geophysical Research
D: Atmospheres 107, (9-10): 5-1.

V. Ramanathan and G. Carmicha@&lpbal and regional climate changes due to black carbon, 1
Nature Geoscience 221-22 (23 March 2008).

Jacobson, M. Z. Strong radiative heating due éantixing state of black carbon in atmospheric
aerosols.Nature 409, 695-697 (2001).

M. O. Andreae and A. Gelencs’er: Black carbonromin carbon? Atmos. Chem. Phys., 6, 3131—
3148, 2006 www.atmos-chem-phys.net/.
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of snow and icé&”®° Combined, the regional climate impacts and theskmbealth benefits
that would accrue to the UNECE region by reducing pistify the Executive Body
considering options to mitigate BC as a componériRld when making revisions to the
Gothenburg Protocol. While it is clear that BC esioa reductions would be expected to
provide important health and climate benefits, ¢hisr substantial room for improving the
knowledge base with respect to emissions and irapact

19. Impacts on global climate. There is no scientific consensus on the overalbalo
climate effect of BC. At the time this report wasvdloped, concurrent efforts were under
way to more systematically outline what is knowml avot known regarding the full range
of effects. The Executive Body's decisions shouddduided by these efforts: “Bounding
the Role of Black Carbon in Climate” by the Inteional Global Atmospheric Chemistry-
Atmospheric Chemistry and Climate Initiative; anBldck Carbon and Tropospheric
Ozone — Opportunities for limiting near-term climathange” by the United Nations
Environment Programme (UNEP).

(@) Direct radiative forcing of black carbon. One of the ways BC impacts
climate is by directly absorbing incoming solar istidn causing an imbalance in the
Earth’s radiation budget. Estimates of this efféopwn as radiative forcing, vary, but are
warming;

(b) Indirect radiative forcing of black carbon. Aerosols have other effects on
radiative forcing, through their impact on cloudg deposition of BC on ice and snow
fields which reduce the surface albedo. Estimafebease effects vary and remain highly
uncertain.

20. Arctic effects. The IPCC noted nearly 10 years ago that changé®irrctic have
already taken place and continue to occur. Theludlec melting of glaciers, sea ice and
permafrost, and shifts in patterns of rain- andagab, freshwater run-off, and forest/tundra
growth. The consequences include disrupted wildfifgration patterns, altered fish stocks,
modified agricultural zones and increased foressfi

21. BC, together with tropospheric ozone and methanay contribute to Arctic
warming to a degree comparable to the impacts dioradioxide (CQ), though there
remains considerable uncertainty regarding the ihadg of their effects® Because of the
dual role of BC in Arctic climate — atmospheric wang and its effect of darkening and
melting snow and ice — reducing black carbon offare pathway toward mitigating these
effects. While this section highlights impacts dre tArctic, similar impacts are being
experienced in alpine regions across the UNECBEregind beyond.

(@) Changing albedo. BC deposition decreases the reflectivity of Arcthow
and ice. Arctic albedo also changes when highliecéfie sea ice melts and is replaced by
dark ocean water, which in turn absorbs more inognsolar energy and exacerbates

Qian, Y., et al. (2009), Effects of soot-inducedw albedo change on snowpack and hydrological
cycle in western United States based on WeathezdRels and Forecasting chemistry and regional
climate simulations, J. Geophys. Res., 114.

Hadley et al. (2010), Measured black carbon déjposon the Sierra Nevada snow pack and
implication for snow pack retreat Atmos. Chem. Ph¥8, 7505-7513.

Xu, Baiging et al. (2009), Black Soot and the Stalof Tibetan Glacier, Proc. Natl. Acad. Sci. Ear
Edition (2009).

Flanner, M.G., et al., (2009), Springtime warmargl reduced snow cover from carbonaceous
particles, Atmos. Chem. Phys., 9, 2481.

AMAP / Quinn et al., 2008. The Impact of Short-&d/Pollutants on Arctic Climate. AMAP
Technical Report No. 1 (2008), Arctic MonitoringdaAAssessment Programme (AMAP), Oslo,
Norway.
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warming. BC contributes to this process, knownhessnow-albedo feedback, and may be
altering the global radiative balance. BC effectsgarticularly important during spring;

(b)  Rate of warming. The Arctic continues to warm more rapidly thamast all
other part of the globe. This rate of Arctic wariis significant, because it means that
action must be taken in the very near term to redbe rate of warming in comparison to
other areas of the globe. As the Executive Bodybdsites, it is critical to consider the
timescale in which these impacts are occurring,ritte at which change is expected to
occur in the future and the near immediate effaetrBductions will likely have. Mitigation
of long-lived greenhouse gases (LLGHGS) is crititait the benefits accrue over a much
longer timescale. In the long term, reducing LLGH@K be necessary because even if BC
is eliminated, Arctic warming would still occur atrate significantly greater than the global
mean, due to ongoing emissions of these gdses;

(c) Seaiceextent. Sea ice extent and volume have been decliniragiyeover
the past decades at a rate not seen in thousangsaf:? If this decline continues, the
Arctic may be free of summer sea ice as soon a8.2®uch a change has consequences
for the snow-albedo effect, but also implicationsificreased shipping and other activities,
which in turn may increase emissions in the region;

(d)  Changes extend beyond the Arctic. Climate processes unique to the Arctic
have significant effects on global climate, withanlges under way extending beyond the
Arctic region. Examples of these global impactdude sea level rise from melting Arctic
glaciers and increased global warming as a re$iticoeased absorption of solar energy in
the Arctic;

(e) Indigenous groups. As a result of these changes, indigenous groups w
depend on subsistence hunting and gathering peactice at risk. Risks include food
insecurity due to decline of marine and land wi@bpecies, reduced quality of other food
sources such as wild berries and fish, disrupted taaffic due to infrastructure damage
from melting permafrost and forced relocation duintreased coastal erosit;

) Arctic emissions. International action to reduce LLGHGs cannot prav
these dramatic changes to the Arctic in the near;}etherefore additional complementary
near-term strategies should be devised;

0] Recent studies suggest that BC emitted in aat the Arctic has a stronger
influence on Arctic warming and melting than enmessi outside this regiof¥;’

Holland, M. M. and C. M. Bitz, 2003: Polar amptiition of climate change in coupled models. Clim.
Dynam., 21, 221-232.

Polyak et al., History of Sea Ice in the Arctigjd@erary Science Reviews, 2010.

Holland, M. M., Bitz C. M. and Tremblay B., “Fuiabrupt reductions in the summer Arctic sea ice”
Geophys. Res. Lett., 33 . L23503 (2006).

ACIA Impacts of a Warming Arctic: Arctic Climatenpact Assessment Cambridge University Press,
2004. Available at http://www.acia.uaf.edu.

AMAP/Bluestein et al., 2008. Sources and Mitigat@pportunities to Reduce Emissions of Short-
term Arctic Climate Forcers. AMAP Technical Repld. 2 (2008), Arctic Monitoring and
Assessment Programme (AMAP), Oslo, Norway.

Quinn, P. K., Bates, T. S., Baum, E., Doubleday,Aibre, A. M., Flanner, M., Fridlind, A.,

Garrett, T. J., Koch, D., Menon, S., Shindell, 8ohl, A., and Warren, S. G.: Short-lived pollugant

in the Arctic: their climate impact and possibldigation strategies, Atmos. Chem. Phys., 8, 1723-
1735, 2008.

Hirdman, D., Sodemann, H., Eckhardt, S., BurkhhrE., Jefferson, A., Mefford, T., Sharma, S.,
Strom, J., and Stohl, A. (2010a) Source identifarabf short-lived air pollutants in the Arctic ogi
statistical analysis of measurement data and pedispersion model outpuitmos. Chem. Phys.,

10. 669-693.
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(i) Over highly reflective surfaces such as icel anow, even a small amount of
BC mixed in with OC and sulphate-containing aersszzn be “warming” because
the resulting mix is less reflective than the sceféelow. As a result, some sources
and aerosol mixtures that might be cooling in ottegrions result in warming over
the Arctic?®

(iii) A recent report to the IMO Marine Environmemrotection Committee
suggests that BC emissions from shipping in theidmay increase by a factor of
two to three by 2050. With BC constituting betwe®nl5 per cent of shipping
particulate emission,this is a source category that merits more attanti

22.  Other climate impacts. The climate impacts of aerosols (including but liratted to
BC) are not limited to temperature impacts but atsdude: contributing to changes in
rainfall patterns and rainfall suppression; redgcsurface water evaporation; changing
clouds properties; and creating a positive feedbaafi that worsens air pollution episodes.
This latter effect occurs when BC heats the lowsrosphere, limiting the amount of solar
radiation that reaches the Earth’s surface (sonesticalled surface dimming). The effect of
this lower atmosphere heating and surface dimmingpistabilize the boundary layer,
making air pollution episodes worse, and perhafectifig rainfall. Surface dimming may
also negatively impact agricultut®.

23.  Human health impacts. In the same way that co-emitted pollutants must be
considered to understand the full suite of climabpacts, so must these emissions be
accounted for when considering public health. Thefgroad scientific consensus that fine
particles are associated with significant adveesath effects. Many scientific studies have
linked levels of PMs and PMy to a wide range of serious health effects, inclgdi
increased morbidity and mortality from cardiovasecudnd respiratory conditions and lung
cancer. Current knowledge does not allow precisaftiication or definitive ranking of the
health effects of PM emissions from different segror of individual PM components.
Available studies do not attribute the observedthesfects to a particular characteristic of
PM (other than mass). While it is difficult to lirk single constituent of particulate matter
to a specific health outcome, a World Health Orgation (WHO) workshop
acknowledged that the available evidence on thardans nature of combustion-related
PM (from both mobile and stationary sources) isenwnsistent than from PM from other
sourceg! It is known, for example, that polycyclic aromatigdrocarbons, a variety of
persistent organic pollutants, and other toxics mrevitable products of incomplete
carbonaceous fuel combustion. BC, a primary patiugend a good indicator of combustion
related PM, has been associated with respir&tand cardiovascul&rhealth effects.

24.  Available human evidence shows that diesel seotomposed in large part of
BC — represents a lung cancer hazard at occupétiexosures. It is reasonable to
presume the hazard extends to environmental expotewels. The United States
Environmental Protection Agency (USEPA) concludes dverall evidence for a potential
cancer hazard to humans resulting from chronic lailtan exposure to diesel soot is

Flanner et al., “Springtime warming and reducealxsnover from carbonaceous particles”, Atmos.
Chem. Phys., 9, 2481-2497, 2009, www.atmos-chers-pht/9/2481/2009/.

Lack, D., et al. (2009) “Particulate emissionsifroommercial shipping; chemical, physical and
optical properties.” J. Geophysical Research, DDOF04.

V. Ramanathan and G. Carmichael, Nature Geosciere2l - 227 (2008).

Health relevance of particulate matter from vasisources. Report on a WHO workshop Bonn,
Germany, 26—27 march 2007. WHO Regional OfficeEforope 2007.

N. Kulkarni et al., N Engl J Med 355, 21-30 (2006)

A. Peters et al., Epidemiology, 1, 11-17 (2000).
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persuasive, even though assumptions and unceesimte involvet! and that diesel soot is
“likely to be carcinogenic to humans by inhalation”

25.  Effect of current air quality and climate strategies. Climate and air quality are
inextricably linked, and strategies devised for avik very likely impact the other. For
example, air quality strategies that have focusedreducing emissions of sulphate
precursors, because of the importance of this faoitufor public health and ecosystem
protection, have produced a mostly cooling effddtis cooling has had the effect of
counteracting the levels of anthropogenic climdtange that would have occurred in the
absence of these emissions. Similarly, the useoofidss is growing in some countries due
in part to a desire to decrease £#nissions from fossil fuel use. This may resultha
increase of local and regional levels of BC. lingerative for the global community to
continue the important work of improving public lbaby cleaning the air, but also that it
do so now in a way that is also beneficial for @tmin the near term. The Executive Body
should consider the advantages of integrated alitguand climate policies. Specifically,
the Executive Body should continue to seek heaitbed reductions in “climate cooling”
pollutants (e.g., sulphates) while also pursuirdpotions in “climate warming” pollutants
(e.g., black carborff:2627

26.  Afteritis emitted, BC mixes with other pobmts and ages in the air. Understanding
this complex chemistry and how it impacts global aegional climate is one of the largest
areas of uncertainty associated with BC mitigatiai climate change. The limitations in
the current understanding about the mixtures aeid thfluence point to the need for better
measurement data and investments in emission ¢hdration activities. There is general
consensus that mitigating BC will lead to positikegional impacts by reducing BC
deposition on snow and ice, though uncertaintiesare in the understanding of global
impacts. These limitations do not, however, minirtize need for action in the near term.

27.  Short atmospheric residence time. The fact that BC stays in the atmosphere for a few
days to a few weeks means atmospheric concentrafiB& can be reduced quickly, unlike
long-lived gases. BC reductions do not supplantriésed for ambitious reductions in €O
and other greenhouse gases. Rather, BC, methan®zam# reductions offer the best
opportunity to reduce the near-term climate efféle#t are critical for sensitive regions of
the globe. Known control measures for these substawoffer an opportunity to reduce
near-term climate damage and reap significant hdadnefits in the regions investing in
mitigation measures.

28. A note about metrics. There is a strong desire to put the effects oflbtarbon into

a framework to compare and contrast with the edfactd influence of LLGHGs. To do so
detracts from the science and policy case thabeamade for taking action to reduce BC in
its own right. At this time, there are several gfdo develop new metrics that will capture
the unigue aspects and regional dimension of dived-climate forcers. However, none of
these metrics has evolved to the point of widespesaeptance.

USEPA Health Assessment Document for Diesel Engiteaust. United States Environmental
Protection Agency, Office of Research and Develagnigational Center for Environmental
Assessment, Washington Office, Washington, D.CA/B80/8-90/057F, 2002.

M. V. Ramana et al., Warming influenced by theéoraf black carbon to sulphate and the black
carbon source\ature Geoscience, Published online 25 July 2010.

Kloster et al., A GCM study of future climate resge to aerosol pollution reductions, Climate
Dynamics, 34, 2010.

Raes and Seinfeld, New Directions: Climate chaagkair pollution abatement: A bumpy road.
Atmospheric Environment, 43 (32). pp. 5132-513%8NS1352-2310.
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29. Roale of the Gothenburg Protocol. There are clear environmental benefits to reducing
emissions of BC. Reductions will benefit the Arctiad alpine regions, benefit public
health, and are likely to be a no-regrets strafegyeducing global radiative forcing. Given
the Convention’s stature and success in negotiatimtachieving real emission reductions
in air pollutants, the Executive Body should adiveonsider the options for action
presented in this report.

30. Summary of current activity. Parties to the Convention and other external boalies
actively involved in assessing BC and its climate aublic health impacts. There will be
some overlap between all these efforts, but each aoatribute more refined information
on various aspects of the role of BC in climatengfga At this time, however, it is not
anticipated that the outcome of any of these assas would fundamentally change the
recommendations of this Expert Group.

Emission inventories

31. Understanding the emissions of BC is needed/élirdesigned mitigation strategies
capable of achieving both climate and public hedl#mefits. Several global emission
inventories are widely used and referenced, intamidio a number of national level data
sets. These different inventories vary in both [tet@ount of black and organic carbon
emissions and the relative contributions of theteéng sectors. BC and OC inventories
have an estimated uncertainty up to a factor of fhigher for open burningf. The
disparity between existing inventories derives friange uncertainties in the magnitude of
emissions, lack of information regarding the phgkidistribution of sources and gaps in
knowledge regarding the emissions from specifio@weategories. Information is lacking
for several potentially important sectors suchlasmg, shipping and agriculture and forest
burning. Not only is information lacking or deficiefor BC, but also for the emissions of
the co-emitted pollutants. Improving emission ineeies will enable the Parties to both
identify optimal control measures and identify sm# that may be underreported or
missing from known inventories.

32.  For BC, as with other air pollutants, thereaichallenge of identifying sources
located far from where impacts are felt. At presenfiservation-based approaches alone
cannot provide the information on source attributeind source-receptor relationships.
While there is some confidence in source-recepétationships within Europe, less is
known about intercontinental transport and depmsipatterns. Sampling of Arctic snow
and ice combined with modelling studies indicatgn#icant amounts of BC are
anthropogenic; however, at this time, particleseiceptor regions cannot be unequivocally
attributed to specific sources or source regidrighe Executive Body should support the
efforts under way to improve the quality of emissimventories, the performance of
transport models and the coverage and resolutiobsgrvations.

Black carbon reductions achieved under current legislation

33. Because BC is a constituent of primary PM, B@uctions in most of the UNECE
region to date have occurred as a result of PMrontData collected across Europe

Bond, T. C., Streets, D. G., Yarber, K. F., Nels8nM., Woo, J.-H. and Klimont, Z., 2004,

A technology-based global inventory of black angamic carbon emissions from combustion

J. Geophys. Res. 109 D14203.

Draft 2010 Assessment report on the Hemispheaodport of Air Pollution, Part A 06/07/2010 2-
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suggest a large portion of anthropogenic PM — upb@oper cent — is formed from
emissions of the secondary particulate precurssulplfur dioxide (S¢), nitrogen oxide
(NOx), ammonia (NK) and non-methane volatile organic compounds (NM¥DE
While the reductions of the secondary particulatecprsors have resulted in significant
positive impacts on public health and ecosysterteption, the net climate benefits of these
reductions are less certain, and may in fact benivey due to reduced cooling resulting
from lower concentrations of the secondary preastdo

34.  The reductions in total emissions of PM betw&880 and 2007 have been mainly
due to the control technologies applied to energgd transport and industry sectors, as
well as non-technical measures, such as fuel simgcim industrial and domestic sectors.
Emissions are expected to decrease in the futuxelsisle emission control technologies
are further improved and stationary combustion siois are controlled through abatement
or use of low sulphur fuels such as natural gaspide this, it is expected that within many
urban areas across the EU, concentrations willtstilwell above the EU limit values for
PMyo. Substantial further reductions in emissions th#refore be needed if the air quality
limit value set in EU Directive 2008/50/EC on amftiiair quality and cleaner air for
Europe is to be reachéd.

35. Total BC and OC emissions of 2005 in the UNEEgon are estimated at 1.0 and
1.4 Tg, respectively. The majority of BC emissiam005 originated from the residential
(30 per cent) and transport sectors (50 per c&hre are, however, important regional and
sectoral variations. As reductions occur as a teslilcurrent legislation, the relative
importance of other source categories may beconporitent. For example, significant
reductions are expected in the on-road transpatbsewhich may increase the relative
contribution of the residential, industrial and rod sectors in the longer term.

36. Although there is no specific legislation tangg carbonaceous aerosols, existing
and proposed PM and $@egulations are expected to bring significant cidus of BC
and primary OC.

(@)  While residential combustion is and remainshia future a key BC emitting
sector, emissions from the transport sector (eapje@n-road) are expected to decline by
about 70 per cent by 2020 provided current poliqibgesel Particulate Filter (DPF)
technology) bring expected reductions;

(b)  Current legislation is expected to have lesamfimpact on emissions from
stationary diesel engines and non-road mobile machi (including the marine sector),
which will increase these sectors’ relative impoc& for future mitigation efforts;

(c) On-road measurement studies of vehicle emissioonducted in some
countries show that a small fraction of the vehitdet is responsible for a large share of
emissions. These vehicles are referred to as migtiezs or super emitte$ A preliminary
estimate with the greenhouse gas and air pollutideractions and synergies (GAINS)
model indicates that high emitting vehicles couldrease the transport of BC emissions in

Putaud et al. A European aerosol phenomenology Ph@sical and chemical characteristics of
particulate matter from 60 rural, urban, and ketbsites across Europe, Atmospheric Environment,
Vol. 44, Issue 10, March 2010, pages 1308-1320.

Raes and Seinfeld, New Directions: Climate chaargkair pollution abatement: A bumpy road.
Atmospheric Environment, 43 (32). pp. 5132-5133.

Emissions of primary particles and secondary palgte matter precursors (version 2) — Assessment
published Jan 2010 — http://www.eea.europa.eu/datmaps/indicators/emissions-of-primary-
particles-and-1/emissions-of-primary-particles-dnd-

Ban-Weiss et al. 2009. Measurement of Black CagrahParticle Number Emission Factors from
Individual Heavy-Duty Trucks. Environ. Sci. TechnéB, 1419-1424.
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the UNECE region by about 10 and 15 percent in 28@5 2030, respectively, even with
current legislation;

(d)  Non-road mobile machinery may offer some pa&trior future mitigation.
The United States has adopted a comprehensivenahtioogramme to reduce emissions
from future non-road diesel engines by integragngine and fuel controls as a system to
gain the greatest emission reductions. Becausee theductions apply to newly built
engines and controls are not required for the iexjdteet, these engines are expected to be
a continuing source of BC emissions.

37.  Because estimates of future emission reductidgon the assumption of successful
full implementation of current legislation, and teeonomic downturn and other factors
may influence the applicability of this assumptithere remains a need to test the validity
of the assumptions used.

Potential additional reductions

38.  Specific PM control measures already underudision for potential inclusion in a
revised Annex VIl (Particulate Matter) to the Gatharg Protocol may or may not result in
significant BC reductions. More testing needs todoaducted to determine the exact
efficiency of control measures and technology f@ B:moval. For example, in general
fabric filters and electrostatic precipitators wilduce BC, while cyclones and scrubbers
will not reduce BC to any significant degree, bam ceduce the larger particle species.

39. Because of the public health benefits of rety&C, as well as the location of the
countries across the Convention regions in relatiorthe Arctic, the Executive Body
should consider taking additional (BC-specific) swa&s to reduce BC. Impacts on the
Arctic and alpine areas will vary by country, but eountries will benefit from local
emission reductions of BC and other co-emittedypatits. All countries will benefit from
improving public health and preventing the meltaighe Arctic ice cap.

40.  Similarly, the Executive Body should considet anly specific new measures, but
assess whether the existing measures are beingrimapted with an adequate fidelity and
speed needed to avoid the most catastrophic refodtexample sea ice and ice sheet melt.
It is important for the Executive Body to considenether the reductions projected under
this analysis will happen at an appropriately ragitt to mitigate the impacts of BC on
sensitive regions such as the Arctic. More analisiseeded to determine the rate and
rigour of implementation of current legislation,ripeularly for heavy duty transport and
non-road vehicles, and the impact of these redustan sensitive regions. The Executive
Body should consider careful monitoring of existiegislation and strengthening policies
in this area.

41.  If the decision is taken to consider additiom&lasures to ensure needed reductions
in BC as part of a broader PM strategy under théh&tburg protocol, current analysis
shows there are potential emission reductions a@ailacross a range of source categories.
The cost and feasibility of these measures will\aaross regions and countries. There is
limited analysis currently available that can pdevidefinitive estimates of the precise
climate benefits, though they are thought to beitiyes Health impacts are better
understood and estimates do exist for the healtlefiie of PM reductions, especially those
in urban areas where exposures (and therefore itenéfeductions) are concentrated. As
stated earlier in this report, any control measctoasidered should be assessed in an
integrated way for its overall climate and publ&ahh impact, including the full range of
co-emitted pollutants.
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42. Potential mitigation measures. Overall, BC emissions in the UNECE region are
expected to decline between 2000 and 2020 by atweitthird, primarily as a result of

ongoing implementation of current emission conlkegiislation in the transport sector. The
International Institute for Applied Systems AnafysflIASA) estimates suggest that
additional measures are available to reduce BCstonidby another 40 per cent by 2020.
These measures are discussed in the paragraphs belo

43. Residential combustion. By 2020, small-scale residential heating will beeothe
dominating source of BC emissions in most counta@sl cause about half of total
emissions. This trend could be even stronger ifteidl biomass combustion is promoted
as a climate policy measure. Thus, effective redncstrategies must address residential
combustion as a priority, with an estimated ne&fyper cent of the remaining mitigation
potential in the UNECE region resting in this sectbmplementation will require a
combination of technical and non-technical measukppropriate technology exists and is
available on most markets. However, it is essemtiaxplore implementation barriers and
the practical feasibility of implementing specifi,easures within a given time horizon.

44.  Emissions from new residential combustion stomad boilers could be reduced
through product standards and emission limit vathesreflect state-of-the-art combustion
technology. For example, modern pellet stoves avitbis could significantly reduce BC
emissions from biomass combustion. Emissions frofistiag residential combustion
installations can be reduced through retrofit paogmes and improved operation practices,
for which public information and awareness prograaanwill be necessary. Dedicated
programmes could provide incentives to replacedldest boilers and stoves by modern
installations and stimulate the exchange or retoffold appliances.

45, For effective implementation of all these measuinternational harmonization of
measurement methods and certification tests thwatusat for fuel savings will be necessary.

46. Non-road machinery. As off-road machinery has a long lifetime and oftewor
maintenance, this sector offers the second lamgekiction potential for BC emissions in
the UNECE region. While current legislation sholddd to lower emissions in this sector,
compliance will be critical. Emissions could be thar reduced through accelerated
introduction of particle traps (DPF) for new madhin and retrofitting of existing
machinery with DPFs. This could be implemented ndating that all non-road diesel
engines comply with emission standards similargavy duty vehicles, i.e., the upcoming
Euro VI standard. Eliminating high emitting vehgland enforcing Euro-VI standards
(where applicable) accounts for nearly 20 per a#rthe total reduction potential in the
region.

47. Road transport. Current legislation is expected to achieve sigaificreductions of
BC emissions in the next decade in the road trahspator, though it is essential to assure
the effectiveness of this policy, e.g., throughutag (annual) emission testing programmes
in all UNECE countries. Additional reductions indki elimination of high emitting
vehicles (super emitters) and accelerated introolucif particle traps (DPF) for light duty
and heavy duty vehicles, as well as retrofittingeristing vehicles. Overall, in 2020 these
measures account for less than 10 per cent ofothé ritigation potential in the UNECE
region.

48.  Open burning. Although open burning of agricultural residues lieady banned in
several UNECE countries, the enforcement efficieixylargely unknown and remote
sensing data shows that burning continues acrogs kreas. Activity and emissions data
are more uncertain than for other sectors. It tineded that an effective ban on open
burning could account for about 10 per cent of tb&l reduction potential for BC
emissions. Additionally, agricultural fires ofteause forest fires, which are in turn another

13



ECE/EB.AIR/2010/7

14

VI.

important source of emissions. However, there @eificant implementation barriers in
some countries (e.qg., jurisdictional issues in Nénerica).

49. Shipping. To encourage the use of best available techniquesaacelerate the
introduction of cleaner fuels and ships, IMO regjolas could be complemented by strict
national or regional emission standards and/ordmpnemic instruments, such as emission
charges. Additional mitigation may be achieved fr@ources associated with port
activities, for example port electrification.

50. Industry and power generation. In relation to other sources, there is only a reddy
small potential for further reduction of BC emigssoin the industry and power generation
sector, with estimates that measures in thesersactount for less than 5 per cent of the
total potential in the UNECE region. The most intpat source in this sector are small
(<50 MW,) poorly operated old plants, such as those empipgmall boilers, using coal,
oil and biomass.

51. Flaring. Although anecdotal evidence suggests gas flarebeansignificant source
of pollution, the overall magnitude of BC emissioissvery uncertain. More effective
methods to quantify BC emissions are currently gpeieveloped through a Canadian
research effort. Additionally, flare improvementegrammes are under way (e.g., reducing
venting and flaring) in a few countries (e.g., Gémand Norway), but their impact on BC
release is unknown. Resources should be made labeaila better understand activity data
and actual BC emissions from this source.

52. Waste (garbage) burning. Although open garbage burning has been banned § mo
countries, the effectiveness is a subject of conaand this source might be locally

representing a measurable contribution to BC epmssiEmissions could be reduced by
assuring enforcement of this law or introducingtslegislation if it is missing.

Optionsfor potential revisionsto the Gothenburg Protocol

53.  The Expert Group recommends the Executive Badgider options to mitigate BC
as a component of PM when making revisions to 8#891Gothenburg Protocol. A range of
options are outlined below.

54.  Monitoring and reporting. One of the greatest challenges in the overall effor
understand and effectively mitigate the impact86f(and other carbonaceous aerosols) is
lack of emission and measurement data. At this ,tinte country has a comprehensive
programme to measure and report BC emissions. Ghesnncertainties of the inventories,
inconsistencies in measurements and the lack aftopuand source-specific measurements
needed to understand the mixtures being emittesl,Bkecutive Body should consider
instituting monitoring and reporting requirements €missions and air quality specific to
BC. This could include specifically listing the atituents of PM, as in EU air quality
Directive 2008/50/EC, when including the pollutamthe Protocol language.

55.  The Executive Body should also consider taskjperific existing expert groups to
recommend the most constructive path forward fathg@ng and sharing data in the
following areas. This may include collaborationtwiroups working on BC, OC and other
co-emitted pollutants outside the auspices of tl@v@ntion. The list below offers

examples and is not intended to be an exhausstiadi of all possible action, nor should
the order presented be interpreted as establistmpgpriority.

(a) Source measurement and emission factor develiopm
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0] Characterize and define various carbonaceoussak properties (mass,
number, size distribution, absorption and scattericoefficients, indices of
refraction);

(i) Identify and characterize missing sources;

(i) Compile and evaluate all available emissioasd activity factors, with
guidelines on when they are appropriate to use;

(iv) Identify a central location where emissionsttelata would be collected,
quality assured, and disseminated and establishhanéems for continuous
improvement of emission factors for specific andently relevant sources;

(b)  Emission inventories:

0] In addition to the obligation to establish imteries for other listed
pollutants, add the obligation for each Party tdalessh a BC/OC emission
inventory and a procedure for its regular updating validation;

(i)  The Task Force on Emission Inventories andétions should give priority
to more work on guidelines for BC inventories witfocus on BC/OC reductions
achievable from existing PM control measures/tempines;

(iii)  Validate BC inventories against ambient comnizations with an appropriate
regular measurement programme;

(iv)  Reconcile bottom-up and top-down regional aational inventories;
(v)  Evaluate sources and consequences of uncéegintemissions inventories.
(c)  Ambient monitoring and measurement:

0] The Executive Body should consider the swiftesssible implementation of
the EMEP monitoring strategy for 2010-2019;

(d)  Exchange of information and technology:

0] Add BC (and other carbonaceous aerosols) toligteof pollutants under
article 4 of the Gothenburg Protocol;

(e)  Control options:

0] The Expert Group on Techno-economic Issueseietbping a new chapter
for the technical annex VII to the Gothenburg Pcotoon emissions of PM from
combustion installation < 50 MW, including domeséippliances burning wood.
This chapter will consider BC;

(i)  The Executive Body may consider tasking thep&mx Group on Techno-
economic Issues to assess the impacts of otherxaenbnologies (e.g, for total
suspended particulates (TSP) and dust) on BC ak ageidentify for the draft
technical annex on dust those emission limit valtreg would also result in a
reduction of BC;

) Cost effectiveness:

0] The Executive Body should request the Task Eant Integrated Assessment
Modelling to assess the cost effectiveness of atithg options.

56. The Executive Body should support the initathw EMEP to define BC or, more
accurately, operationally define each componen®ldf that is important from a climate
perspective. This means reaching agreement on hevParties will define, measure and
use different terminology regarding light absorb{agd scattering) carbonaceous aerosols.
This could be then included in the definition deiof the Protocol.
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57. Preambular language. A revised Gothenburg Protocol could include languag
setting out the rationale behind BC reduction saocabkighlight the urgency of achieving

such reductions. Similar to the rationale in tigipart, the preamble might mention impacts
on the Arctic and other climate effects, publicltteao-benefits, and ongoing work in other
forums.

58.  Environmental objective. The Executive Body should consider whether téuithe an
objective that gives overall priority to measurbattachieve, or are explicitly linked, to
climate outcomes or targets. A revised GothenburgtoBol could establish an
environmental objective for BC that could be usednteasure progress and for integrated
assessment modelling. Options could include eijo@titative or quantitative objectives or
both. Examples of qualitative objectives are: st melting of sea ice in the Arctic; or
contribute to slowing the enhanced warming of thectis. Examples of quantitative
objectives are: reduce the radiative forcing duB@oin the Arctic by a total or percentage
reduction in Wrif by a certain date; or reduce by a certain per ttenamount of deposited
BC on snow. Other examples could include impactshear-term radiative forcing and
other appropriate near-term climate metrics.

59.  Country-specific goals. The ability to establish country-specific goalsl wWepend
on how accurately sources of BC emissions can dstifted and, ideally, source-receptor
relationships established. The country-specific Igoautlined below may be for
consideration in the medium- rather than near-tegimen scientific uncertainties and
information gaps.

(a) Emission ceilings are one option for individuabuntries. Given the
variability in priority sectors by country, emissieeilings could be established based on
the reduction potential of each Party to the Cotivan These may be developed for PM
with a focus on sources known to be high emittéiB@ The Executive Body could charge
the Expert Group or other Convention body to deteerwvhether existing emission ceilings
and implementation timelines are adequate to aetie stated environmental objectives;

(b)  Provisional, indicative ceilings could be edistied if the Executive Body
determines that the inventories and modelling ateyat capable of being used to establish
definitive emission ceilings;

(c) Technical annexes are another approach to comanis developed and
adopted under the Gothenburg Protocol. Some arelatany, while others have a status
closer to that of guidance documents. This optioulel require best available techniques
(BATS; e.g., here, emission limit values) and lzastilable practices (BAP) to be identified
and developed for BC emissions;

(d)  The Executive Body may wish to consider chaggihe Expert Group or
other Convention body to develop in greater deta! potential options for using both
mandatory and voluntary provisions in a revised h8oburg Protocol. Mandatory
provisions may be more appropriate for actions eded fill critical information gaps, or
for reductions from source categories for which en® known regarding impacts and
control options. Voluntary provisions may be moppmpriate for actions where less is
known or where technologies may be still developing

(e) The Executive Body may wish to consider chaydine Expert Group, or
some other Convention body to develop additionaioop for mechanisms by which
Parties who do not ratify the revised Protocol mighake verifiable and measurable
progress toward the stated environmental objective.

60.  Source-category-specific emission limit values. Alternatively, or to complement
country-specific emission ceilings, the Executive@dB could consider implementing
emission limit values for those source categorieewkn to emit high amounts of BC.
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Examples include a timeline for complete removasaber-emitting vehicles; replacement
of older residential heating stoves with pelletve®) emission limits for categories of road
and non-road vehicles on an accelerated schedulemassion limit values on industrial
boilers for which known and cost-effective contrelgst.

61. Financial resources. The efforts suggested to improve the availabitifydata on
black carbon will require significant resourceseThExecutive Body may wish to consider
how to ensure adequate resources are availabheplement this work, including potential
ways of cooperation to ensure implementation ifPaltties.

62. Review and amendment provisions. The scientific knowledge of BC continues to
evolve very quickly. At least four major internatad assessments or reports are under way
that will further shed light on the climate and palhealth impacts associated with BC and
other short-lived climate forcers. In addition teetwork identified above, for example,
ongoing analysis from the International Polar Yed most likely produce a number of
important scientific results pertinent to the imisaand control of emissions of BC. To take
advantage of this work, the Gothenburg Protocolamclude mechanisms for revising the
protocol to rapidly take action as a result of iertscientific synthesis.

63. As individual countries take action unilateyatir under the Convention, further
analysis is needed to ensure these actions araghthe intended impact. Provisions could
be included to facilitate fast-track amendmentsh& Protocol to make timely adjustments
based on scientific and policy advances.

64. Non-binding goals. The Executive Body should consider whether to make
statement outlining even more ambitious non-bindingironmental objectives. Examples
include potential actions outside the Conventiggiae, or an encouragement to the Parties
to swiftly and effectively begin implementation BIC emission reductions to a greater
extent than might be agreed by Parties to the edvRrotocol. Such a statement could
include interested Parties or entities, such ammathat are members or observers of the
Arctic Council. The Executive Body could also enage existing task forces and expert
groups to do additional outreach to non-UNECE coesiand to be inclusive of BC-related
research and mitigation activities.

65.  While the Executive Body should prioritize wdtkensure development within the
Convention region, the Executive Body could alsooemage actions outside the UNECE
region that may include:

(@) Capacity development for BC emissions monigpeand reporting;

(b)  Support for development of institutions andastructure for monitoring and
reporting;

(c)  Transfer of BC reduction technology for key ssibn source sectors.

66. The Executive Body could consider entering imemoranda of understanding with
non-UNECE States that are significant sources ofeB@ssions transported to the UNECE
region and key sensitive regions, such as the &rébicusing on sources identified as a
priority for BC reduction in the amended Protocol.

67. The Executive Body could consider developingcma@isms such that certain
obligations — e.g., cooperation for developing B®nitoring and reporting capacity,
building institutions and infrastructure — would b&ding upon select non-UNECE States
that make an explicit declaration to this end. A&ively, such a provision could be
included into the Gothenburg Protocol.

68. The Executive Body may also wish to consideharge and capacity development
on BC monitoring, reporting and technology transféth interested nations, such as those
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in the Association of Southeast Asian Nations (ASEAAgreement on Transboundary
Haze Pollution and the Male Declaration.

69. The Executive Body should urge the IMO to emaquirements to reduce emissions
of BC from international shipping, especially enass in those areas that impact on the
Arctic climate.

70. Evaluating progress. Given the gravity of the task before the Partibs, Executive
Body should give serious consideration to how andvhat time frames it will evaluate
progress under a revised Gothenburg Protocol. WMihArctic and other sensitive regions
experiencing negative consequences now, it isylikaprudent to wait until 2020 or 2030
to measure progress and adjust the course of m®gre number of metrics exist for
consideration, such as measured extent, age aoln#ss of sea ice; measured BC
deposition in sensitive regions; measured ambiententrations of BC; and/or measured
emission reductions of BC. Each of these exampdeslimitations, including inter-annual
variability and limitations on the understandingthé relationship of these measures to
climate impacts of concern. The Executive Body doubnsider tasking EMEP or other
Convention body with identifying appropriate mesrignd time frames for inclusion in the
Gothenburg Protocol.

71.  With several major assessments being issuedtigecourse of 2010 and 2011, the
Executive Body could consider charging the Expexiup or other Convention body with
synthesizing the results of these assessments termdee what new information is
available to inform ongoing development of the Gaotburg Protocol.




