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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried out through 15O technical committees. Each member bady interested in a subject for which
a technical committee has been established has the right tv be represented on that committee,
International organizations, governmental and nob-governmental, in lizison with 150, also telke part
in the work. ISD collaborates closely with the International Electrotechnical Commission (IEC) on
all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1, In particular, the different approval criteria needed for
the different types of 150 documents should be noted. This document was drafted in accordance
with the editorial rules of the ISQ/IEC Directives, Part 2 (see wwwiso prg/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject
of patent rights, ISO shall not be held responsible for ldentifying any or all such patent rights.
Detafls of any patent rights identified during the development of the document will be in the
Introduction and/or on the 150 list of patent declarations received (see www.iso org/patents).

Any trade name used in this document is information given for the convenience of users and does
not constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of IS0 specific terms and
expressions related to conformity assessment, as well as information about ISO'S adherence ta the
World Trade Organization’ (WTO) principles in the Technical Barriers to Trade (TBT), see
www.50.org/iso/foreword.htrml,

This document was prepared by Technical Committee ISO/TC 207, Environmental management,
Subcommittee SC 7, Greenhouse gas management and related activities.

‘Any feedback or questions on this decument should be directed to the user’s national standards
body. A complets listing of these bodies can be found at www.iso.org/membershtml,

NOTE TO COMMITTEE: :

This guidance standard provides an application of climate science as described and summarized By the
Intergovernmental Panel on Climate Chenge (IPCC). The scientific equations and methods provided in Annex A of
this guidance standard are currently under review by the United Naiions’ Climate and Clean Alr Coofition
Sefentifle Advisory Panel, This simultaneous review is being conducted to ensure that IPCC-recognized climate
stienca has besn fully and properly incorperated into the scientific methods contained in the guidanece steadard,
and wili enabie the ISO subcommittes to focus on stundardizing the protocols to calculate and report progress
toward achieving the goal of stabilizing the climate system at various emperature thresholds in the near-term.
Tha most chrrent sclence shouid be used in the application of this standard when quantifying and réporting
rediaiive forcing hased climate footprints.
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Introduction

0.1 Background

‘Climate change arising from anthropogenic activity has been identified as one of the Ereatest

challénges facing the world. Climate change Is accelersting, with implications for both human and
natural systems, including significant Impacts on resource availability, economic activity and
human wellbeing for decades to come. In response, international, reglonal, national and local
initiatives are needed, involving the' public and private sectors, to address the urgent threat of
climate change on the basis of the best avaflable scientific knowledge. :

150 produces documents that support the transfarmation of sclentific knowledge into toals that will
help address climate change. However, existing ISO climate accounting protocols address only a
pordon of the emissions and other factors contributing to an energy-imbalance (excess ENErgy
trapped in the Earth’s atmosphere), measured as “radiative forcing” (RF), that in turn.Is causing
climate disruption and leading to temperature rise. The most current science indicatés that In

order to achieve climate stabilization, all anthropogenic emlssions and other factors. affecting
radlative forcing must be addressed. '

This document provides guidence for quantifying, monitoring, .reporting, and validating and
verifying reductions in climate forcers. it can be used to:

— develop RF management roadmaps;

— track and repori progress taward glebal RF stabilization targets and RF rgducﬁon goals over
specific time horlzons;

— establish the radlauve forcing reduction petential of differgnt,pruj ect categories;
- esteblish the potential of project categories to reduce RF within high-risk zones;

— assess the climate and other consequences assoclated with implementation of projects within a
profect category;

= evaluate RF climate footprints of organizations and government entities; arid
— calculate RF in a consistent mannér across all of the applications above.

The use of this guidance standard is deslgned to:

— facilitate the use of RF-based cliniate accounting pratacols;

— enhance the credibility, consistency and transparency of climiate forcer and RF climate faotprint
quantification, monitoring; and reporting; and

— facilitate’ the development and Irﬁplementation of RF management strategies and plans, and
ensure the credibility, consistency and transparency of project verification and validation

B



189
180
191
192
183
194
165
198
197
108
180
200
201
202
203

208
200
207
208
209
210
211
212
213
214
216
218

in order to redure global RF sufficiently by 2030 and thereafter to hold global mean temperature
(GMT) significantly below +1.5"C and stabilize the climate system.

This document details principles and guidance for designing, developing, mansging and reporting
organization-level, government entity-level and project-level climate forcer inventories (Table 1).

0.2 IPCC projections and Radiative Foreing (RF)

The Intergovernmental Fanel on Climate Change (IPCC) periodically releases consensus assessment
reparts that summarize the findings of the latest peer-reviewed climate sclence literature. The Fifth
Assessment Report [ARS), "Climate Change 2013: The Physical Science Basis,” used a framework
for evaluating climate forcers based on their projected contribution to increased radiative forcing
{RF). Mezsured In watts per square meter (W/m?), increased RF is the measure of the excess
energy upsetiing the earth’s energy balance and driving climate change. AR5 modelled four
Representative Concentration Pathway (RCP) scenarios to project future trends in global emissions
and resulting RF and temperature, which {ncluded annual emissions, the emisslons accumulated in
the atmosphere from the past (Le, background concentrations) that still continue to contribute to
climate change, factors other than emissions (&.g. landscape changes affecting albedo) affecting
radiative forcing, and projected increases In atmospheric concentrations of various climate forcers.

‘The uncertainty-In projected increases in total anthropogenic radiative forcing was a principle

justification for modelling the four scenarlos described in AR5 (Figure 1). The business-as-usual
projection, RCP8.5, assumed that industrial activity would proceed without significant reduction of
the major contributors to an RF level reaching 8.5 W/m2 by the end of this century. The heightened
RF would, in turn, result in GMT rising to over +4°C by 2100, the hottest the planet has been in over
34 million years ' {Hansen, et al, 2013
https:/ froyalsocietypublishing.org/doi/10.1098 /rsta.2012.0294).

ggsasE

Rathrapapenic Radiave Forcing OF mr)
- 3 L

¥ Gew 28 0@ awe o mm Bw
Vuur
Figure 1 — Representutive Concentration Pathway Scenarios
{Soutree: IPCC ARS, (Timets Change 2613: The Physical Science Basly, Figure 12.3)
Time evolution of the to] snthropogenic (postiive) snd anthropogenic aercsol (tegative) rulative forving (RF) relative ta pre-industrial {shout
lTSﬂmmmzmhmmuh'mdwumﬁm(oonﬂmnh),ndmsmm.(dﬂdﬂm)u:mdbyﬂw
hmmmmmmm]mmmmm.mmmrmmmmmmmth},MJ
(ﬁglibhe}ﬂﬂ?&.ﬂ{mm}mﬂwa.!{mﬂ].ho{hrnsmwﬂuthSmBl&hndM,Alean)mdu
uoa,mhea).mmmtomwmwmnwﬁummwwmmmmwc
© . ammsol-madistion mberactions (e, divest affeots omiy).

The 2018 IPCC Special Report on Global Warming of 1.5°C used the RCP framework of ARS to more
precisely examine scenarios for holding the GMT anomaly below +1.5°C or +2.0°C (the lower and
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upi)er temperature ma:;imﬁms identified in the Paris Accord}, and to shed light on the differences
In impacts at each of these levels. .

0.3 Understanding the relationshlp between radiative forcing and rising
temperatures -

Lack of understanding of the relationship between rising RF and-the gradual rise in GMT has
contributed to confusion as to the best strategy for developing 2 comprehensive roadmap to’

achieve a sustainable climate system. Thermodynamically, rising atmospheric heat is largely

absorbed into the oceans (about 90%), but then a significant amount of that stored heat is re-
released back into the atmosphere periodically by oceanic oscillations such as El Niflo. This, in turn,

eventually pushes GMT higher.

The more that the RF rises steadily over an extended time period, the higher the GMT response. For
this reason, increases in RF levels are considered a leading Indicator of climate change, while¢

‘observed increases In' GMT are considered a lagging indicator of climate change, Therefore, basing

strategies to contrel or curb the impacts of climate change solely on GMT maximums (+1.5°Car
+2°C) identified in the Paris Accord is problematic because major impacts will have occurred long
before these Increases in temperature are observed.

0.4 The need for this guldance

This guldance standard draws upon the IPCC ARS and IPCC SR1.5 RF framework as the basis for .
Radlative Forcing Management (RFM) climate accounting protocols. [t complements existing
climate standards by providing guidance for developing a roadmap to contribute toward reducing
global RF levels sufficiently to stabilize the global mean temperature significantly below +1.5°C by

‘2030, and for achieving longer-term climate stability, in order to fulfill the UNFCCC objective.

This guldance. standard is inclusive of all climate forcers (e.g, gaseés, aerosols, particulates,
landscape-level alhedo changes), accounts for the accumulated atmospheric build-up. of long-lived.
greenhouse gases émitted In the past that are still contributing to current RF levels, and addresses
the future RF contribution of long-lived greenhouse gas ermissions.

This guidance standard provides terms and definitions for use by arganizations. and government.
entitles in implementing an effective RF reduction roadmap. it also clarifies the difference between
mitgation projects aimed at climate forcer emissions reduction, projects aimed at restoring
elements of the natural baseline conditions of the climate system, and projects aimed at rebalancing
the earth’s energy budget that rely on means beyond natural climate systems, such as chemical
emissions that may have measurable impact trade-offs. Finally, this document provides a robust
technical framework to guard against unintended climate and other trade-offs that corld arise from
the implementation of any of these RF reduction projects.

0.5 Goals
Tke goals of this guldance standard are to:
— Provide RF accounting protecols to faf:ilitatégreater understahgling of the quantitative impacts

of RF climate forcers in the near term and longer term.
_ 7
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Stabilize RF at the reduced levels necessary to prevent GMT from overshooting the UNFCCC
geal of +1.5°C and to maintain GMT significantly below this level,

Reduce R to sustainable levels In reglonal high-risk zones.

To achieve these gdals, this guidance standard:

Utilizes updated [PCC climate science and metrics as the basls of a unified method to
quantitdtively account for all climate forcers;

Defiries RE climate footprints that address long-lived, mid-lived and short-lived climate forcers,
including annual emissions, accumulated concentrations of long-lived climate pollutants, non-.
emisslons forcers, and bath negligible- and measurable-impact climate coolants;

Describes steps to develop an RF Management Plan;

. Describes aspects of emissions reduction projects and other categories of projects that can be

scaled to contribute toward reduction of reglonal and global RF levels; and

Describes methods to determine the-scale of co-benefits, such as reduced regional air pollution,
associated with specific projects and RF Management strategles, as well as potentlal adverse
climate and other trade-offs.

0.6 Benefits

This guidance standard benefits organizations, project prhponeﬁts and smkeholders worldwide by
providing guldance for voluntary efforts to contribute to.achieving sustainable global climate
stabilization without overshooting UNFCCC temperature targets. Specific benefits may include:

understanding the scale of RF reduction required by 2030 and beyond to achieve climate
stabilization; '

identifying the types of projects and actions that can contribute appreciably to an effective RF
Management Roadmap without unintended adverse trade-offs, and in the most cost-effective
manner, thereby supporting the prioritization of projects to.stabilize RF and temperaiure rise
by 2030 and support the goal of long-term stability;

enhancing- the credihility, consistency and transparency of RF climate footprints and RF
reduction project quantifieation, monitoring, reporting and verification;

facilitating the development and implementation of RF reduction projects;
identifying risles related to RF, and {dentifying opportunitles to manage risks;
supporting regulatory/government reparting;

extending the range of mitigation options available to meet an entity’s climate targets and
obligations; and )
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— facilitating the establishment of RF reduction markets, including the buying and sellin,ﬁ of RF
redtuction allowances or credits.

0.7 Approach

This document provides a technology-neutral framework and specific guldance for evaluating the
impacts of climate forcers, determining RF climate footprints, establishing RF targets and roadmaps
in order to avold overshooting temperature thresholds, evaluating project categories, and assessing
RF projects. Presented terms and concepts are designed to be compatible with existing programs
and good practice while maintaining conformance with ISO directives for standards development.

The summary Information presented in Box 1 is provided to assist users of this document.
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Box 1 —
Summary information to assist nsers of this document

Guidance Standard

IS0 defines a standard as a document, established by consensus and approved by a recognized body
that provides, for common and repeated use, rules, guidelines or characteristics for activities or
their results, aimed at the achievement of the optimum degree of order in a given context (ISQ/IEC
Guide 2:2004 [39], definition 3.Z). This guidance standard contains no requirements; therefore, the
word “shall”, which indicates a requirement in IS0 language, is not used. Recommendations use the
word “should”. The word “may” is used to indicate that something is permitted, The word "can” is
used to indicate that something Is possible, for example, that an organization or individual is able to
do something.

As a guidance standard, this document may contain recommendations, In ISO/IEC Directives, Part
2, a recommendation g defined as an “expression in the content of a document conveying that
among several possibilities one is recommended as particularly suitable, without mentioning or
excluding others, or that a certain course of action Is preferred but not necessarily required, or that
(in the negative form) a certain possibility or course of action is deprecated but not prohibited.”

Terms

Terms that are not defined in Clause 3 are used in the common sense of the word, assuming their
dictionary meanings. '

Bihlography

The Bibliography, which is an integral part of an International Standard, provides information to
identify and locate other dacuments referenced in the text. It consists of references to international
instruments that are considered authoritative sources for the recommendations in this guldance
standard, These instruments may contain additional useful guidance and information; users of this
document are encouraged to consult them to better understand and implement radiative forcing
management. References are shown in the text by superscript numbers in square brackets. '

NOTE: Reference numbers are not assigned In the erder of the documents' appearance in the text.
180 documents are listed first; then the remaining documents are listed in alphabetical order of the
issuing organizatdon.

Text boxes

Text boxes provide supplementary guldance or fllustrative examples. Text in baxes should not be
considered less important than other text.

10
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GHG management — Guidance for the
quantification and reporting of radiative
forcing based climate footprints and

mitigation efforts

1 Scope

This document specifies principles and provides guidance at the project organlzation and
government entity level for the estmblishment.of radiative forcing (RF) targets and the
quantification, monitoring and reporting of RF climate footprints, assessment of RF project
categories, and the valldation and verification of RF projects. It addresses:

Key concepts and terms;

A summary of the RF reduction levels needed by 2030 and in subsequent decades to. achieve
GMT stabilization below +1.5°C and to cool regional "high-risk” zones;

Algorithms and methods needed to establish RF targets over specxfic time honmns. and to
calculate RF levels by source (both emissions and non-emission sources);

Steps for calculating RF climate footprints;

Steps for determining the potennal RF reduction, co-benefits and adverse trade-offs related
te human health and the environment asseciated with specific RF projects and activities;

Steps for valldating and verifying RF reduction; and -

A discussion of uncertzinty related to RF and RF climate footprints.

This document is intended to facilltate the enhancement of tlimate accounting protocols and
programs to incorporaté the latest climate science regarding RF.cHmate drivers as well as co-
benefit and trade-off analysis.

2 Normative references

There are no normative references in this document.

3 Terms, deﬂr_litlo'ris and abbreviated terms

For the purposes of this document, the following terms and definitions apply.

1
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1S0 and IEC maintain terminclogicel databases for use in standardization at the following
addresges: :

— [EC Electropedia: available at hitp:/ /wwwelectropedia.org/
— 150 Online browsing platform: available at http: / /www iso orgfobp

3.1 Terms and definitions
3.1.1 Terms relating to radiative forcing and climate forcers

3.1.11

radiative forcing

RF

change in the net, downward minus upward, radiative fhex (expressed in W/m?) at the tropopause
or top of atmosphere due to a change in an external driver of climate change, such as, for example, a
change In the concentration of carbon dioxide or the output of the Sun

Note 1 to entry: Radiative farcing, unless otherwise noted, refers to a global annual average value.

Note 2 to entry: IPCC Fifth Assessment Report: Climate Change 2014.

3.1.12
climate forcer . _
emlssion or other process or actvity that causes a change in RF (3.1.1.1), either positive or negative

Note 1 to entry: Includes long-lived crimawfarcer.é {3.1.1.7), mid-ltved climate forcers (3.1.1.8) and short-Hvad
climate foreers (3.1.9) o

_Nohé 2 to entry: Climate forcers Indlude, but are nat limfted to, climate pollutants (3.1.1.4)

Note 3 to entry: A change in albede (3.1.5.3) (eg, surface, :‘:Ioud, clear sky) is an example of a process that
causes a change In RF [3.1,1.1) but that is not an emlsston

3.1.13
climate forcer source
the origin of a climate forcer (3.1.1.2)

3.1.1.4

climate pollutant - _

emission that causes a change in RF [3.1.1.1), and might also cause measurable environmental or
human health impacts (3.1.5.5)

Note1 to entry: Includes fong-Hived climeta forcars (3.1.1.7), mid-lived citmate forcers {3.1.1.8) and short-lived
climate fiorcers (3.1.1.5) ' ’

3.4..15

accumulated climate pollutant emissions
background concentration
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fraction of climate pollutant emissions that were emitted In the past and are still retained in the
atmosphere today - '

Nots L to entry: Relevant only to mid-Hved climate forcers (3.1.1.8) and long-lived climate forcers (3.1.4.7).

3.1.16
greenhouse gas

GHG - | , _

gaseous constituent of the atmosphers, both natural'and anthropogenic, that absorbs and emits
radiation at specific wavelengths within the spectrum of Infrared radiation emitted by the Earth’s
surface, the atmosphere, and clouds o _

Note 1 to entry: GHGs include carbon dioxide (COz), methane (CHy), nitrous oxide (N30), hydrofluorocarbons
(HFCs), perfluorocarbans (PFCs) and sulfur hexafluoride (SFe). '

Note 2 to entry: GHGs are all consldered climate pollutants (3.1.1.4).
[SOURCE: 15014064-3:2019, 3.1.1, modifisd—Note 2 to entry has been replaced.]

3.1.1.7

long-lived climate forcer

LLCF _

emission causing a change in RF (3.11.1), either positive or negative, that has an average
atmospheric lifetime of more than twenty-five years

3.L18
mid-lived climate forcer

MLCF :

emisgipn causing a change in RF (3.1.1.1), either positive or negative, that has an average
atmospheric lifetime ranging from one year to twenty-five years

3119

ghort-lived climate forcer

SLCF :

emlssion causing a change in RF (3.1.1.1), either positive or negative, that has an average
atmospheric lfetime under one year '

3.1.1.10
coolant - . )
climate forcer (3.1.1.2) exhibiting negative RF (3.1.1.1)

Neote 1 to entry: Climate coolants ¢an be further classifled into two groups: Negligible- Impact climate
coolants, which have no adverse measurable trade-offs that are ohservable above established thresholds, and
measurable-impact elimate coolants, which do have measurable, and oftentimes high impact trade-offs that
are observable above establishad thresholds.

31111

radiative efficlency. . _
marginal change in RF (3.1.1.1) per unit increase in climate forcer (3.1.1.2) concentration
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Note 1 to entry: Usually expressed as milll-watts per square meter per million tons ar Teragrams {ie, mWm-
2 Tg-1] or as Watts per squars meter per parts-per-billion (W o2 ppb-1).

[SOURCE: Safeguarding the Ozone Layer and the Global Climate System, Glossary (IPCC/TEAP,
2005), modified - “In a gas concentration” changed to “climate forcer concentration”]

31112
radiative forcing management
RF management .

intentional measurement and control of climate forcers (3.1.1.2), including emisslons, activities and
processes, impacting RF (3.1.1.1) aimed at achleving specific RF targets consistent with specified
maximuim RF and GMT (3.1.5.4) goals

3.1.1.13

radiative forcing mannagement roadmap

RF management roadmap '

RF management (3.1.1.12) plan for implementing one or a combination of RF projects (3.1.2.2) that
together can achieve a specific RF reduction (3.1.2.4) goal over a specified perlod of time :

Note 1 to entry: The plan to achieve RF reduction sufficient to stabilize GMT (3.15.4) significantly below
+1.5°C s the “2030 Global RF Management Roadmap.”

3.1.1.14

PM 2.5 . )

dust fraction contsining 50% of the particles with & diameter of 2.5 pm, a higher proportion of
smaller particles and a lower proportion of larger particles

3.1.2 Terms relating to the radiative forcing quantification process

3I1lzl1 1

carbon dioxide force equivalent

CO:fe -

unit for comparing the RF (2.1.1.1) caused by one kilogram of a climate forcer (3.1.1.2) to the RF
caused by one kilogram of carbon dicxide in the atmosphere at a single point in time

[SOURCE: 15014064-1:2018, 3.1.13, modified—preferrad term has been changed, reference to GHG
has been replaced /contextualized with climate forcer and Note 1 to entry has been removed ]

3.1.2.2

radiative forcing project

RF project '

activity or activities that cause a RF reduction (3.1.2.4), climate poliutant removal (3.1.2.7) or
climata pollutant destruction (3.1.2.8) '

Note 1 to entry: Actlvity can include technologles used to alter the conditions of the RF haseline.

[SOURCE: 15014064-2:2019, 3.2.3, modified—preferved term has been changed and references
have been contextualized with radlative forcers and climate pollutants.]
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3:1.2.3 °

radiative forcing project category

RF project category : . -

class of RF projects (3.1.2.2) having particular shared characteristics that have the ability to lead to
RF reduction (3.1.2.4) or result in climate pollutant removal (3.1.2.7) or climate pollutant destruction
(3.2.1.9)

3.1.24

radiative forcing reduction

RF reduction - - o :

quantified decrease in RF (3.1.1.1) between a baseline scepario (3.1.2.15) and an RF project (3.1.2.2)

[SOURCE: 1S014064-2:2019, 3.1.7, modified—preferred term has been changed and references
have been contextualized with radiative foreers.]

3.1.2.5

Radiative forcing reduction potential

RF reduction potential .

RFRP . _ _

amount of AF reduction (3.1.2.4) that could be achieveq by an RF project {3.1.2.2) or RF projfect
categery (3.1.2.3} under thie full implementation scenario (3.1.2.16) :

3.1.2.6 .

radiative forcing climate footprint

RF climate footprint . _
summation of the RF {3.1.1.1) associated with an orgenlzation's climats pollutant (3.1.1.4)
emissions, eccumulated climate pollutant emissions (3.1.1.5), other climate forcers (3.1.1.2), and
climate poilutant removais (3.1.2.7), both direct and indirect, expressed as COfe [3.1.2.1)

Note 1 to eptry: An RF climate foufprint can be disaggregated to provide wangparency about the specific
clirnate foreers contiibuting to thetotal.. : .

Note 2 to entry: Deﬂ_\red from the definttion of ‘carbon footprint of a product’ from ISO 14067:2018.

1.1.2,.7

climate pollutant removal . _

extraction (direct air capture), sequestration, destruction [oxidation) or conversion to lower
potency of a climate pollutart (3,1.1.4) in the atmosphere :

Note 1 to entry: The onoly lmown way to pilniinafé tropospherlc ozone is through oxidaden. In the tropics, this
process occurs naturally through hydroxyl radicals, This phenomenon is well established. In northern
latitudes, naturally occurring bramine oxide Hiewise oxidizes and eliminates tropospheric ozane,”

3.1.2.8
climate pollutant destruction .
elimination of a climate forcer by destructive oxidation
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Note to entry 1: This Is perhaps 'the'un]y imown way to gliminate through tropespheric ozone Ig to oxidize It
In the fropics, s done naturally through hydroxyl radicels. This phenomenon is well agtablished. In the
northern ladmdes, naturally occurring bromine oxlde Hkewise oxidizes and eliminates tropospheric ozone.

3.1.29

carbon dioxide remioval

CDR . _

set of techniques that alm to remove CO; directly from the atmosphere by either (1) Increasing
natural sinks for carbon or (2) using chemical engineering to remove the €0z with the intent of
reducing the atmospheric €0; concentration

[TIPCE Fifth Assessment Report Glossary]

Ble l10 :
radiative forcing mitigation

RF mitigation
human intervention to reduce the RF (3.1.1.1)

Note 1 to entry Derived froin the definition of ‘climate change mitigation’ in [S0 14080:2018.

3.1.2.11

radlative forcing assertion

RF assertion ,

factual and objective declaration that provides the subject matter for the verification (3.14.2) or
vaifdetion (3.1.4.3) '

Note 1 to eniry: The RF assertion could represent a peint in time or could eover a speclfied period of time.

Note 2 to entry: The RF assertion provided by the responsible party should be dearly identiﬂ'able, capable of
consistent evaluation or measurement against suitable criterla by a verifier (3.1.4.4] or validatar (3.14.5).

Note 3 to entry: The RF assertion could be provided in an RF report (3.1.2.13) or RF project (3.1.2.2) plan.,

[SOURCE: 1S014064-2:2019, 3.2.1, modified—preferred term has been changed and references-
have been contextualized with radiative forcers.] :

3.1.2.12

radiative fﬁr'cing information system

RF information system . :
policies, processes and procedures to establish, manage, maintain and record information on RF
(3.1.1.1) related to a specific RF project (3.1.2.2) '

Note 1 to entrys Maintain includes the amendment, removal and addition of information on elimate fw'-cer;s
(3.1.1.2).

[SOURCE: 1S014064-2:2019, 3.2.2, modifled—preferred term has been changed and references
have been contextualized with radiative forcers.]

3.1.2.13

radiative forcing report
RF report
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Teference to RF project category has been added ]

stand-alone dacument intended to communicate, to {ts intended users (3.1.3.1) Information on RF
(3.1.1.1) related to an RF project (3.1.2.2) or RF project category (3.1.2.3)

Note 1to 'entl;y: A RF report can Include an RF assertion (3.1.2.11).

[SOURCE: 15014064-1:2018, 3.2.9, modified—preferred term has been changed and references

have beeh coritextualized with radiative forcers.]
3.1.2.14

_radiabve fordng baseline

RF baselne . .
quantitative level of RF (3.1.1.1) that would have occurred in the absence of an &F project (3.1.2.2)

. or BF project category (3.1.2.3) for comparison with the project’s RF reduction (3.1.2.4) and climate
- pollutant removais (3.12.7) - .-

[SOURCE: 1S014064-3:2019, 3.4.6, modifled—preferred. term has been changed ‘and references
have contextualized with radiative forcers,] ‘

3.1.2.15
baseline scenario .
hypothetical reference case that best represents the condftions most likely to occur in the absence

‘of a proposed RF project (3.1.2.2) or RF project category (3.1.2.3)

Note 1 to entry: The baseline scendrio aligns with the RF Project (3.1,2.2) timekine,

[SOURCE: 10 14064-2:2019, 3.2.6, modified—referente to GHG project has been replaced and

3.1.2.16
full implementation scenarlo - : - _
hypothetical case that best represents the conditions mast lkely to occur when a proposed RF

“praject category (3. 1.2.3) is undertaken at full scale

3.1.2.17

. profect scemario

hypothetical case that best represents the conditions most likely to occur when a proposed RF
project (3.1.2.2) is-fully undertaken

3.1.2.18

monitoring

continuous or periodic assessment, of climate forcers (3.1.1.2), RF reduction (3.1.2.4), and other data
related to AF (3.1.1.1) - .

[SOURCE: 15014064-1:2018, 3.2.2, modified—references have been contex_tua]ize:i with radiative
forcers] '

3.1.2,19
uncertainty
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parameter associated with the result of quantification that characterizes the dispersion of the
values that could be reasonably attributed to the quantified amount

Note 1 to emiry: Uncertainty information typically specifies quantitetive estimates of the likely dispersien of
values and a qualitative description of the likely causes of the dispersion, and should be included in an &F
repart (3.1.2.13). :

[SOURCE: 15014064-1:2018, 3.2,13, madified—Naote 1 to entry has been revised to add a reference
to radiative forcing report.]

3.1.2.20

avolded emissions _

prevented emissions of climate pollutants (3.1.14) that occur when a process or activity indirectly
results in the reduction of emissions [either anthropogenic or natural) or non-emission sources of
positive RF (3.1.1.1)

Mote 1 to entry: An example is the insertion-of a highly efficlent power plant inte 4 grid that reduces the need
for use of Inefflclent "peaker™ plants to accommodate higher demand, resulting in the averall reduction in net-
GHG emissions.

3.12.21 .
pre-industrial conditions
multi-century perled prior to the onset of large-scale Industrial activity around 1750

‘Note 1 m entry? The reference perfod 1850-1%00 to approxdmate pre-industrial - global mean surface

temperature [GMST].
[SOURCE: IPCC SRL5 (2018}, Summary for Pollcy Makers, Box SPM.1]

Note 2 to entry: Pre-induatrisl conditions re & reference for the RF and GMT ancmalies, but the term is not.
innludei:lhmtoaérwasa;’rrujumbasuline,nurisi_tincludedﬁnmmstthatthec]imalonyslmcmheretumedto
this siatus,

3.1.2.22

regional high-risk zone

high-risk zone .

region that Is experiericing 2 sustained RF (3.1.1.1) level higher than the global RF, a sustained
regional mean temperature significantly higher than the glohal mean temperature on a consistent
basis (over at least 5 years), or that is at extreme risk from sea level rise, climate-change induced
wildfires, or other catastrophic climate change related impact endpoints

3.1.3 Terms relating to organizations and interasted parties

3.1.3.1

Intended aser

individual or organization identified by those reporting information related to RF (3.1.1.1) as being
the one who relies on or refers to that nformatlon to make decisions

Note 1 to entry: The intended user can be the organization, the arganization’s client, the responsible party,
the RF project proponent (3.1.3.3), the RF programme (3.1.3.4) administrators, regulaters, -the finanelal
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cormimunity, or other affected interastad partias (3.1.3.2), such 28 local communities, government departments
or non-governmental organizations. '

[adapted from [S014064-2]

3.1.3.2

interested party

individual or organization that can affect, be affected by, or percelve itself to be affected by a
decislon or activity -

EXAMPLE Persoh or organization that ig affected by or hli;efeated in the development or {rﬁplemmﬂmi of.
an RF project (3.1.2.2).

[adapted from ISD14064-2]

3.1.3.3 . _

radiative forcing projéct proponent

RF project proponent

project proponent

individual or organization that has overall control and responsibility for an RF project (31.2.2)

[adapted from 1S014064-2]

3.1.3.4

radiative forcing programme

RF programme =~ - ' .

voluntary or mandatory International, national or subnational system or scheme that reglsters,
acCOUNts or manages clinigte forcers (3.1.1.2), climate pollutant remevais. (3.1.2.7), or climate.
pollutant (3.1.1.4) emission reductions cutside the organization or RF project (3.1.2.2)

[adapted from [S0 14064-1]

3.1.4 Terms relating to verification and validation

2441
level of assurance
degree of confidence in the RF assertion (3.1.2.11)

Note 1 to entry: Assuraneg is provided on historical information.

[adapted from 150 14064-2]

3142

verification

process for evaluating an RF assertion [3.1.2.11) of historical data and information 1o determine if
the RF reductions recorded in the assertlon are materially correct and conform to criterla

Note 1 to entry: In some, cases, Independence car be de'monsu-a'ted by the freedom from responsibility for the
development of R¥(3.1.1.1) data and information. '
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[adapted from ISO 14064-1]

3143

validation .

process for evaluating the reasoriableness of the assumptions, limitations and methods that support
an RF assertion (3.1.2.11) about the outcome of future activities

Note 1 to éntry: In some cases, independence can he demonstrated by the freedom from responsibility for the
development of data and Information on RF (3.1.1.1).

[adapted from 1S 14064-1]

3.1.4.4

verifier

competent and impartlal person or organization with responsibility for performing and reporting
on a verification (3.1.4.2) '

[adapted from IS0 14064-1]

3.1.4.5

validator

competent and impartial person or organization with responsibility for performing and reporting
ona vatidation (3.14.3) '

[adapted from 150 14064-1]

3.1.5 General Termns

3.1.51

climate

statistical description of weather in terms of the mean and variability of relevant quantities, over a
period of time ranging from months to thousands or millions of years

[S0 14050 CD2]

3.1.5.2 :

climate system o

complex system consisting of five major compenents - the atmosphers, the hydrosphere, the
civosphere, the lithosphera and the biosphere, and the interactlons between them — which evolves
in time under the influence of its own Internal dynamics and because of external forcings such as
volcanic eruptions, solar variations, and anthropogenic forcings such as the changing composition
of the atmogphere and land use change

[SOURCE: Intergovernmental Panel on Climate Change, IPCC Fifth Assessment Report: Climate Change 2014]
3.1.53

albedo
fraction of solar radiation reflected by a surface or object, often expressed as a percentage

10
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Note 1 to entry: Spow-covered surfaces have a high albedo (near 1), the albedn 'of soils ranges from high to
low, and vegetation-covered surfaces and oceans hsve alow albedo (<0.1). -

[SOURCE: Intergovernmental Panel on Climate Change, [PCG Fifth Assessment Report: Climate Change 2014]

3.1.5.4 .
global mean temperature

GMT .

global mean surface temperature

Qver one year, the ares-weighted global average of (i) the sea surfare temperatire over the oceans
(Le,, the sub-surface bulk temperature in the first few meters of the ocean), and (U) the surface air
temperature over land at 1.5 m above the ground

Note 1 to entry: For changes over tme, only anomalies, as departures from a 'climatult'?gy. are used, most
commonly based on the arpa-weighted plobal average of the sea surface temperature and land surface air
temperature anomsly. '

(adapted from Intergovernmental Fanel on Climate- Change, Climate 'Eha.nge Synthesis Report, Annex B,
2001] ‘ g .

3.1.5.5
lmpact .
change, adverse or beneficial, caused by the provess being assessed

(IS0 13065:2015]

3156

Impact category , .
class representing environmental {ssues of concern to which life cycle inventory analysis results .

may be assigned
[1S0 14040, 14044]

3157

government entlty _ :
official executive branch or agency representing a national or sub-national entity, such ag 4 country
state, or province )

3..5.8

organization , .

person or group of people that has its own functions with' responsibilities, awthoritles, and
relationships to achievé its objectives | )

Note 1 to entry: The concapt of organization includes, but iz not limitad t0, sole-trader, company, corporation,
firm, enterprise, authority, parimership, charity or instiudon, or part or- combinaton thereof, whether
incorporated or not, public o private. , '

[1S0 14001]

3.1.5.9
11
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global mean temperature anomaly
change in the global mean temperature in a given year compared to pre-industrial conditions
(3.1.2.21)

3.1.5.10

reglonal mean {emperature (RMT) )
distinct region's average ahove-ground and sea-surface temperature, derived by averaging over
ohservations at 2 meters above sea level and 1.2-2.0 meters above the land surface

Note 1 to entry: Only RMTs that are pfficically established with sufficient data points are recognized [e.g,
NOAA staie-by-state database; European country databages).

3.1.5.11

regional mean temperature anomaly

change in the regional mean temperature in a given year compared to pre-industrial conditions
(3.1.2.21)

Nate 1 to entry: For many reglons historic data may be limited to more near term temperatures than 1750
and js allowed to determine such temperature anomalies. However, it should he noted that more recent
baselines represent a hetrer case than 1750 and the actual temperature ancmaly, therefore, may be worse
than reported.

Note Z to entry: Baseline years may vary based on data limitations, as long as these limitatlons are clearly
stated,

3.2 Abbrevlated Terms

CRC"  chlorofluorocarbon

COz  carbondioxide

C0zfe  carbon dioxide forcing equivalents
ERM  earth radiation management

4 grams

GHG  greenhouse gas

GMT  global mean temperature

GWP  global warming potential

[PCC  [ntergovernmentsl Panel on Climate Change
| joules

kg kilograms

km kilometer

m meter .

ppm  parts per million

ppb  parts per billion

RCP  representative concentration pathway
RF radiative forcing

‘RFRP  radiative forcing reduction potential

RMT  regional mean temperature
SLCF  short-lived climate forcer
$R1.5 IPCC Special Report: Glohal Warming of 1.5°C

12
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4 Principles

SRM  solar radiation management

T metric ton (1,000 kg)

TH ©  time horizon

TO tropespheric pzone

VOC  wolatlle organic compourid

W/mZ watts per meter squared _

WMO World Meteorological Organization
UNEP  United Nations Environment Programme

41 General

The application of pﬁndples is fundamental to ensure that RF-related information is a true and fair
account. The principles are the basis for, and will guide the application of, this guldance document,

4,2 Relevance

Salect the RF-related information, data and methodologies appropriate to the peeds of the intended
user and relevant to the scope of the assessment being conducted.-

4.3 .Completeness

Include known relevant climate forcers, climate bnllumnt_remnvals. and additional contributing
factors. Include known relevant information to support criteria and procedures.

44. Consistency

Enable meaningful comparisons in RF-related information.
4.5 Accuracy

Reduce bias and uncertaintles as far as is practical.

4.6 . Transparency -

Disclose sufficient and appropriate RF-related information to allow intended users to make
declslons with reasonable confldence. :

4.7 Conservativeness

Use conservative assumptions, values and procedures to génsure that RF reductians are not over-
estimated. -

4.8 Scale

13
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All RF reductions should be considered in the context of the amount of global RF reduction needed
to meet stated RF sitabilization targets, globally and regionally. '

4.9 Use of Best Sclence

Ensure that the latest available climate sclence is used in all quantification.

4.10 Life Cycle Perspective

Ensure that all co-benefits and adverse trade-offs to the climate, environment, and human health,

including all related processes involved, are evaluated, monitored and mitigated o the degree
possible based on the life cycle perspective.

5 Analysis of RF climate footprints, RF project categories, and RF
prejects

5.1 Types of andlyses

Users of this document may undertake one or more of the following three types of analysls based
on the RF protocels in this document, as appropriate for the specific sk at hand:

a) Organization or government entity-level RF climate footprint, in which the RF contribution of
an organization or government jurisdiction is evaluated (see Clause 5.2).

‘b) Project category RF analysis, in which the ability of projects within a project category to. reduce
RF is calculated in a full implementation scenario (see Clause 5.3).

¢) Project BF analysls, In which the level of RF reductlon achieved by indtvidual projects is
analyzed, validated and verifled. Project-level RF analysis can serve as the basls of any RF
credits or claims made for individual project installatlons (see Clause 5.4},

5.1.1 ii]uantlﬂcatiun of radiative forcing levels -

RF levels associated with an RF climate footprint, RF project category, ar speciﬁc RF project should
‘be calculated for a given year using Equation 1.

RF results should be reported in mW/m? , carbon dioxide forcing equivalents, or both, RF results
should also be disaggregated by climate forcer for transparency purposes.

Calculations should factor in the radiative efficiency and atmospheric lifetimes of different climate
pollutant emissions, as well as RF from ather non-emissions processes cr activitles leading to a
change in RF (a.g, the deposition of black carbon on ice and snow). These and other detalls of the
calculation methods are provided in Annex A.

_Equation 1. The equnﬂun_furglcu.hﬂng HF for & §(ven year.

| Radiative Forcing in year t = RF(t)= T | (RE gmissions (£) + RFoiner ) l

14
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Where:

#  |iza surmmadon pver all unlt proceszes

& year tis the number of years after the infHaton of the analysis Hemeframe |

¢ RFauimions{t) 18 the radiatve forcing in gear t from climate pollutant smisslons, calculated according te
Equatcn A.2 Ip Anmex & ’

#  RFuthwr(t) 18 the radlative forcing in yeart from non-emissians types of climate forcars.

5.1.2 Establishing an RF management plan

An grganization or government entity interested in establishing an RF management roadmap
should undertake the followlng procedure. Additlonal details are provided in Annex B, '

— Bstablish lts RF climate footprint

— -Evaluate the RF reduction potential of RF profects that have already been Implemented, or are
already planned to be implemented. '

— Assess co-benefits and adverse trade-offs.
— Calchlate.the costs of implementation of current and planned RF projects.

— Deternu'ne'-RF siabilization targets and RF reduction goals - L2, the amount of RF reduction
needed to achieve global and, if applicable, regional high-risk zone targets

—. Identify profect categories of Interest that could be implemented diractly or contributed to
Indirectly, than assess the ¢o-benefits, adverse trade-offs, and implementation costs.

—. Establish an RF H'anﬁgement Roadmap (ie, plan of action and timeline) to achieve the stated
‘RF reduction goals. ' ' S

— Create RF information systems and mechanisms for implementing individual projects, including
2 finaneial funding mechanism to implement the RF Management Roadmap in the most cost-
effective manner possible.

Personnel with adequate expertise in climate sclence, economic analysis, and project
implementatior shauld he in charge of administering the steps above.

5.2 Organization and government entlty-level RF.climate footprints

5.2.1 Scope of assessment

RF climate footprints should include all climate forcers and their effect on the current RF compared
to pre-industrial conditions,. Including current emissions, accumulated climate pollutant emissions,
other procésses and activitles leading to excess RF when compared to the pre-industrial bageline,
and climate pollutant removals.
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If data are not available to assess historic climate forcers, reascnable estimates can be made.
(EXAMPLE OF AREASONARLE ESTIMATE TO BE INSERTED)

5.22 Emisslons data collection for RF ¢limate footprints

52.2.1 Emisstons data collection time period

Emisslons data should be collected for the most recent 12-manth period for which data are
available. Generally, for RF climate footprint analyses, data should also be collected for as long a
historic perfod s is necessary to capture at least 959 of a pollutant’s total current furcing levels.

EXAMPLE Only 5% of a given amission af methane remains in the atmaosphere after 40 yea:s. For methane,
historic data therefore should be tracked to 40 years in the past, or from the date of the organization’s origin,
whicliever is mora recent. Conversely, black carbon, which only persists for a few weeks, need only be
tracked in the current year.

EXAMFLE Black carbon emissions remain in the atmosphere for ozily a few weeks. Accordingly, there is np
need to collect any historic data for black carbon emissions.

‘When complling historic dati, multiple sources of data should be identified and compared. For

countries, If the historic dataset overlaps in time with nationally published GHG inventory reports,
the historic data should be consistent with the nationally reporting GHG inventory for the

overlapping time period.
5222 Black carbon and other carbonaceous aerosol emissions
For black carbon and other carbonaceous aerosols:

— The approach used to calculate these emissions should be specific to the region and economic
sector of the emission.

NOTE The source types, seasonality, and number of emission sources varies dramatically country-to-
country for black carbon emissions. A9 a result, black carbun emissions reporting for a country such as
the US (where black carbon emissions are dominatad by diesel fuel combustion) s largely frrelevant for
[ndia. India, in turn, has different reporting needs than the UF$ or China (while rezidantial burning of salid
fuels is a major source in hoth China and India, the solid fuels used are different in each case). Sectors
within these countries will have different data collection and calculation needs.

5.2.2.3 Nitrogen oxide emissions

Historic emissions of NOx should be tracked far 40 years to account for the effective timeline of
NOx’s effect on methane lifetime, a key part of NOx's radiative effect.

5.2.2.4 Measurable-impact climate coolants..

The RF climate footprint should include accounting for emissfons contributing to negative RF (le.,
climate coolants) but which also have measurable, and in some cases, high impacts on the
environment or human health. The primary caelant in this category is tropospheric sulfate aeresol
formed by emissions of sulfur dioxide. Any reduction of such coolants should be added to the
overall RF footprint from the target historic year for RF reductlon.
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The historic year from which the loss of such coolants should be assessed depends upon the REM
goal established. .

EXAMPLE. If the goal of the RF management plan Is to reduce glabal RF levels back to 1.5 W/m?, then the loss of such
coolants since 2002 (the year that this levet of global RF weg exceeded) should be added to the RF footprint

5.2.2.5 Negllgible-impact chmate coolants

The RF climate footprint should include accounting for substances that contribute to negative RF
(Le. climate coclants) that have no observable or negliglble adverse impacts, The only substarices
recoghized as negligible-impact climate coolants are sea salt, dimethyl sulfide (DMS) and water,
Any reduction of such coolants shauld be added tg the overall RF climate footprint from the target
historic year for RF reduction. : ' '

‘Collecting Emissions Data for Country-level RF Climate Footprints

Box 2 - o I

For country-level RF climate footprints (Le, national entities), the folléwing guidance applies:

— For COs CHy, Nz0, HFCs, PFCs, SF5, NFs, SFsCFs, halogenated ethers, and other IPCC-identified
halocarbons, the data collection and reporting for natlonai jurlsdictions should be consistent
with the 2006 IPCC Guidelines for Notional GHG Inventories. Data from existing natlonal GHG |
inventories shauld be used.

— For government entitles, the RF resulting from black carbon should be evaluated first using
emissions datasets based on inventory, This should be evaluated, and, if available, adjusted to
be consistent with top-down emissions estimates based upon satellite data (based upon method
used in Bond et al 2013}, When they are used, bottom-up inventory emissions estimates should |
be based upon publicly reported emissions factors based on local conditions for combusticn
type, seasonallty, and other considerations, affecting the amount of black carbon emissions. To
the extent possible, black carbon emission estimates should be based upon multiple methods
and data sources,

— Emissions for NOx (the tropospheric ozone precursor) should be based on satellite data to the
extent possible, considering column concentrations of NOz 03, HNO3, and £0 (will attempt to
add links for such data in the future). Gaps in satellite data should be filled using emissions
estimates based on emisslons factors. Historic emlssions of NOx should be based upon top-
down satellite data to the extent possible, with gaps filled using bottom-up inventory estimates.
The approach for calculating the top-down emisslons estimate should be described, All satellite-
based emissions estimates should be compared with existing bottom-up emissions inventories
for NOx, calculated as part of existing country criteria air pollutant programs [e.g, In the U.S,
the Environmental Protection Apency ‘tracks NOx emissions in the National Emissions
Inventory).

— 50; emissions should be tracked in the key sectors of coal-fired power peneration, fuel
combustion used (o operate vehicles and equipment (especially diesel vehicles), refineries, and .
metallurgical facilities using coking coal. SO emissions In these sectors should be calculated |
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based on emisslons inventories. The total natlonal emissions should be compared to satellite
data regarding 502 concentrations over the country. Adjustments to the emission inventory for
8§05 should be made If a major discrepancy between the sateliite data and emissions inventory
exists. {links to data will be added in the future, if feasible)

— For carbon monoxide and VOCs, emissions should be based upon existing government entity-
level inventorles. Historic emissions should be tracked to the extent that the radiative influence
has a measurable effect on the RF climate footprint.

5.2.3 Calculating RF climate footprints

RF climate footprints should be measured In.milli-Watts per square meter (mW/m?), then
normalized to carbon dioxide force equivalents (CO:fe) using the inherent radiative efficlency of
€O, from the latest published IPCC report ~L.e, mW/m? per million tons present in the atmosphere.
The RF climate footprint calculation should Include the impact from all climate forcers that
contribute to positive RF, as well as those that contribute to negative RF (i.e. climate coolants) as
follows:

— Negligible impact coolants (e.g, sea salt, water) -should be subtracted from the net overall
footprint. )
— Measurable Impact coolants should not be subtracted from the net overall footprint.

— Any reduction in measurable coolants should be, added to the overall RF climate footprint from
the year that RF first exceeded the target RF stabilization level (for 2030, that would be the year
2002, when RF reached 1.9 W/m?).

5.24 Reportng
Thé RF. climste footprint should be published, together with a transparent ststement of

assumptions, boundary conditions, uncertainties, and statement of limitations, cansistent with
principles in this part of the guidance standard.

5.3  RF Project category analysls

5.3.1 Calculating the RF reduction potential of a project category

The RF reduction potential (RFRP) of a project - the difference between the projected level of mean
RF of a full implementation scenario compared to the baseline scenario over a specified pericd of
time - should be determined. . '

— The baseline séenario should be structured in such a way that the calculated RFRP of the full
implementation scenario Is conservatively low.

— RFRP baseline calculations should factor in the varlability of RF in the baseline scenario, which
may require multi-year estimates. '
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1235

1236 — RFRP calculations can be based on: 1) the Inherent RF reduction associated with reduction {n.
1237 specific emission rates of varlous climate pollutants; 2) direct RF measurements based on
1238 satellite observations; 3) direct measurements of increased solar reflectivity (e.g, “cool” roofs);
1238 or 4) direct measurement of the reduction in trapped energy (e.g. in cirrus clouds),

1240 ' o

1241 The RFRP for a project category should be calrulated using Equation 2.

1242

1243 _Equation 2, Approach for calculting the Radiative Forcing Reduction Botential of a given project caregory.,

ARFRP(t) = RF jup (t) ~ RF Basciine (t)

Where=
»  tistheyear. )
«  ARFRP(t) is the potential reducton in global mean RF inyeart
*  HFinp(t) s the global RF in the full implemantation scenarin in year ¢
»  RPpuaime(f} 5 the global RF in'the baseline scenerlo in year .’ .
1244 _ _ .
1245 — The time horlzon for RFRP evaluation should be defined based on a reasonable plapning time
1248 horizon for the full implementation and baseline scenarios, taking into consideration the time
1247 required to reach full implementation of the RF reductlon project categary in- the - full
"t248 implementation scenario.
1249 _ _ _
1250  — All relevant climate forcers should be included. This includes climate pollutant emissions as
1251 well as other processes or activities affecting RF that could be increased or decreased with
1252 respect to the baseline scenarlo by full implementation of the project category. At a minimium,-
1253 all climata forcers listed In Table 1 should be included. C
1254 . ; ) ,
1258 Table 1. Bramples of Key Climate Forcers
1258 )
| Climate Forcers Contributing to Climate Forcers Contributing io
| Net Positiva Farcing - Net Neaotlve Forciiij
{ Long-lived dimate forcers Lang-dived climate forcers
_Carbon dioxdde (COz] . | Nene
Nitrous oxdde [N20] -
Chlarcfluorocarbons | CFCs) ) _
' Some Hycirofluorocerbons | HFCs) _
| Mid-Hved climate forcers Mid-lived climate forcers =
| Methane . - None - - —
Seré Hydrvfluorocarbons {HFCs) - 1
_Bydrachloroflucrocarbons (|| CFCs)
Short-Hved cimate forcers Shortdived ciwate foreers
Tropospheric ozode (non-methane precorsors inclu|
Nitrogen oxides, Carbon Monoxide, and Voladle Orgae{ Minernldust serosal **
| Compounds] .
Black carbon " Mitrate aerosols _
| Prown carbon | Orgenle carbon acrosols
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|_Mineral dust aeroso] ** ] Sulfate aerosols =
] Sea salt aerosols
|
i

= | Volcanic aerpsols il
o DMS [phitoplaniton)

* Far comprehengive list of climats forcars, see IPCC Fifth Assessment Report, Table 8.4.1,

+ While for the most part, mineral dust is @ coolent, it can also cause warming, depending on the fron and aluminum
content and the particle size. See jacobson, M.Z, Global divect rediative foreing due to multcompanent erthropogenic

and notural asrosols, J, Geephys. Res, 104, 1552-1568, 200L

5.3.2 Accounting for avolded emissions

Active RF management can indirectly prevent climate poliutant emissions that would have
otherwise occurred. .

EXAMPLE An RF project that reduces RF could indirectly result in reduced air conditioning usage in an
urban ares, thus avolding the associated C0z and cther power grid related emisslons.

— In the baseline scenario, the RE from all climate forcers should be calculated In all systems that
may be affected by baseline temperature increase

— In the full lmpieintaﬁnn scenarlo, the RF from climate forcers should be calculated for the
same systems.

5.3.3 Assessing climate, environmental and human health co-benefits and trade-offs

The project category should be screened to determine if there are any potential atlverse impacts or
positive co-benefits associated with the full implementation scenario.

5.3.3.1. Identifying relevant impacts -
To identify relevant impacts, the following ‘should be considered (see IS0 14090 for additianal
guidance on impact Identification): '

.— Impacts relevant to anthropogenic systems — for example, those related to energy resource

depletion, ocean acidification, reglonal acidificatlon, ground level ozone, and PM 2.5,

— Impacts found in q literature survay should be Included as relevant; unlsss otherwise Justified A
literature survey should be conducted to-determine If project activities ar processes have been
associated with specific impacts in the past.

— Observed Impacts in similar conditions should be Included if relevant. Determine if project
activities or processes similar to those considered for implementation have been associated
with specific iImpacts.:

— Location of project activities or processes should be a factor in determining if an impact is
relevamt. Activities or processes {n highly polluted regions or reglons not subject to
.environmentsa! regulation may be linked to multiple regional impacts, which could be positive
- Or negative, )
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— The fate and transport gf climate forcers should be included. Upon. release into the
atmosphere, the dispersion, mixing, and ultimate deposition or chemical transformation of
each climata forcer should be considered.

— Additlonal data sources and approaches can also be used to identiﬁ; ather rqlevant-inii:acts.'

5.3.3.2. Determisiing whether impacts are benéficial or adverse

Once the impacts relevant to ﬁ'pm]elct are identifled, their nature as beneficial (ie, positive co-
benefit) or adverse (l.e. negadve trade-offs or externalities) should be determined.

Adverse impacts alter conditions aimw_ from natural oénd.iﬁuns, m the full implementation scenario
when compared to the baseline scenario, while beneficial impacts restore conditions more clasely

.to natural conditions. Any alterations must be measured or projected in terms of at least one or

more of the following: severity of conditions; Spatial extent of alteratian; temporal duration of
alteration; or effects on exceedance of relevant thresholds.- . ,

5.3.4 Stating the RF raduction potential of a RF ﬁmlecl: category
For each RF project category evaluated, an RFRP statement should be prepared that includes:

— Atechnical description and technical justification of the full implemertation scenario conditions
and baseline scenario conditions;

— The main climate forcers directly and fdirectly altered under full implementation conditions,
and the associated reduction in RF;

— 'The level of RF reduction that would be achieved between the year of initlation of the project
and by 2030, noting when RF reduction begins and the time horfzon over which the full
potential reduction would be realized; and

— A description of any co-baneﬂté or adverse trade-offs to the climate, environment or human
health associated with the implementation of the project categpry. This description addresses a
complete set of relevant impacts.

5.3.5 Reporting of projected threshold exceedances

Threshalds maybe crossed in the past, present or future. The types of thresholds may Inclide
government legal limits, international consensus thresholds, and blophysical thresholds.
Projections of future threshold exceedance should be accompanied by probabilistic uncertainty
acalysis and reporting of confidence Intervals. The assumptions and uncertzinty should be
disclosad. "

5.4 Project RF analysls

RF projects Involve actual validatlon, implementztion, verification and ongoing monitoring, Credits
for RF reduction are awarded to RF project proponents, based upon the demonstrated abllity to
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reduce RF each year over the RF project’s operating timeframe, In this way, project-level accounting
and crediting follows the conceptual structure of other carbon markets,

54.1 Partiesinvolved

Multiple parties should be involved in the implementation of an RF reduction project, including at
least;

— The project proponent, who is responsible for implementation;
— The project funder, who provides the funding;

_ 'The verifier, who validates the project plan, and then verifies the level of forcing reduction
achieved and any unintended consequences associabed with the project.

NOTE: The validator may be different from the verifier.

Addldonal stakeholders might include regulators, suppliers, communities, NGOs, technology
providers, clients, and those impacted by RF activities.

54.2 Assessment and reporting of RF reduction projects

In ordér to ensure relevance, completeness, conslstency, accuracy, and full ransparency:

— The climate forcers, data, and methodologies used to calculate and report RF reduction and
other aspects should be relevant and appropriate to the needs of the intended user.

— Relevant climate forcers should be Included, with resulting RF changes calculated accarding to
the guidance provided in this document.

— Data sources and meﬁlodolugies use;l' should be censistent, allowing for meaningful
comparisons in climate forcer-related information.

— The RF reductions calculated should be as accurate and precise as possible to reduce bias and
uncerminties.

— TheRF reppft shouid include a suficlent amount of apprapriate RF driver-related information
for Intended users to make decisions with confidence (eg. data on monitoring methane
concentrations over a natural gas production site).

_ Inestimating the RF reduction of a project, assumptions, values, and procedures should be used
to ensure that RF reduction calculations are accurate and verifiable.

543 Developingan RF project plan
The project proponent should develop a written RF project plan, inciuding:

— Project title, purpose(s) and objective(s);
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— RF project category, if applicable;

— Project location, including geagraphic ‘and physical Information allowing the unique
Identification and delineation of the specific extent of the project;

— Condltions prior to projéct initiation;

— A description of how the project will achieve RF reductions;

— Chronalogical plan for the date of Inftlating RF project activittes, intended date of RF project -
termination, ffequency of monitoring and reporting and the. RF project perlod, including
relevant activities in each step of the RF project cycle;

— A description of the time-varylng effect on' RF reduction that will occur as a result of
implementatlon, considering not only the time required to scale up the RF project, but also the
RF reduction response from associated climate forcers (e.g, considering factors such as the
‘atmospheric lifetime of affected climate forcers);

— RPF project technologies, products, services, and the expected level of actlvity;

— Aggregate RF reductions, reported in mW/m?, in each year, anticlpated to occur as a result of
the RF project over its operating timeframe, and how this relates to the maximum force
reductlon achievement level possible in the RF project category;

— Identification of risks that may substantially affect the RF reductions achieved;

— Roles and responsibilities, including contact information of the RF project proponent, other
perticipants, relevant regulator(s) and for other interested stakehelders asrelevant:

— A description of the other consequences on the enviranment and human health, the approach
used to estimate these consequences, and how this relates to consequences assoclated with
other projects in the RF reduction project category: '

— Relevant outcomes from stakeholder consultations and mechanisms for on-going
communication.

544 Determining the RF project and baseline scenarlos

Project-level RF tlimate accounting should include development of “Project” and “Baseline®
scenarlos, each of which should include projections of RF changes. Changes in RF should be
assessed comprehensively. :

The RF project proponent should select or establish criteria end procedures for identlﬁring and
assessing potential baseline scenarios, considering the following: - .

~— The RF project description, including identifled climate forcers;
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— Data availability, reliability, and limitations; and

— DOther relevant information concerning present or future cenditlons, such as legislative,
technical, economic, soclocultural, environmental, geographic, slte-specific, and temporal
assumptions or projections.

The project propanent should demonstrate equivalence in the type and lével of activity of products

or services provided between the project and baseline scenarios, and should explain, as appropriate,
any slignificant differences between the project and bageline scenarios.

The project proponent should select or establish, explain and appiy criteria and procedures for
{dentifying and justifying the baseline scenario. In developing the baseline scenario, the RF project
proponent should select the assumptions, values, and procedures that help ensure that RF
reductions are not over-estimated. -

The projett proponent should select or establish, justify, and apply criteria and procedures for
demonstrating that the RF project results in RF reductions that are additlonal to what would occur
in the baseline scenario. '

54.5 Identifying and monitoring climate forcers

5451 Determining climate forcers relevant to the project

Theé project proponent should identify climate forcers relevant to the RF project, and that present
potential opportunities for reducing RF within the RF project. Climate forcers should be identified
as belng ' '

— Controlled by the praject proponent —i.e, the operatitin is under the direction and influence of
the project proponent through financial, pelicy, management or other Instruments;

— Related to the RF project - Le., the climate forcer source has material or energy flows into, out
of, or within the project; or

— Affected by the RF piroject - ie, the climate forcer source is influenced by a project activity,
through changes in market demand or supply for associated products or services, or through
physical displacement.

Related climate forcers are physically linked to a RF project, They are generzlly both upstireant or
downstream from the project, and can be either on or off the project site. Related climate forcers
also may include activitles related to design, construction and decommissloning of a project.
Affected climate forcers are only linked to a RF project by changes due to market demand and
supply, and are generally off the project site.

This could Include relevant climate forcers that could lead to reduced RF, as well as increased RF
that could negate the RF reductions.

54.5.2  Determining climate forcers relevant to the baseline scenario

In identlfylng climate forcers relevant to the baseline scenario, the project proponent should:
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— Consider criterla and procedures used for identifylng climate forcers relevant to the RF project;
— If necessary, explain and apply additional eriterta for identifying the climate forcers; -

— Compare the RF project’s identified climate forcers with those identified in the baseline
scenario; and '

— Consider the climate forcers relevant to the RF project that are affected by the project
implementation. ' . o

5.4.5.3  Montioring or estimating relevant climate forcers

The project proponent shauld select or establish criteria and procedures for ragular monitorlug or
estimation of relevant climate forcers.

NOTE: The approach ugad in monifumm ar estimation will vary by climate forcer.

If the project proponent does not select a relevant climate forcer for regular monitoring, a
Justification should be provided, '

5.4.6 Quantifying the RF reduction of an RF project

The project proponent should select or establish criteria, procedures, or methodologias used for
quantifying the projected changes in RF levels over time for selected climate forcers. These criterla,
Pprocedures, and/or methodologies should follow the provisions of this puidance standard, -

Based on selected or established criterla and pracedures, the profect proponent should quantify RF
reductions achieved separately for each relevant climate forcer for the project and baseline

scenarig, projected each year in the RF project category-defined time horizon.

When reiying upon highly uncertain data and information, the prdject proponent should select
assumptions and values that ensure that the quantification does not.lead to over-sstimation of
achieved RF reductions, provided the estiimate is still reagonable,

EXAMPLE Fora project reducing black carbon and arganic carhon, the project propenent could estimate RF
Teduction using the lowest positive RF estimate for black carbon and the most negative RF for organic carbon,
such that the net benefits of reductions are at the lowest possible value (in order to avoid an overestimate).
This can have very large impacts on the valuetion in cases where both positive and negative climate foreers
affect an RF project implementation, and should be carefully considered. -

The profect proponent should establish and apply criteria, procadures and methodalogies to assess
the risk of reversal of an RF reduction, and the effect on the RF reduction achieved. -

54.7 Maraging data quality

While well-mixed GHG emissions have well-characterized RF levels, the RF levels of SLCFs can be
highly variable on a regional and global level, 25 well as in time, For each SLCF, spatial and tempéral
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* characterizations, which may include dispersion and atmospheric lifetime data, should be factored

inta the data quality analyses that are uzed..
5.4.8 Monitoring the RF reduction project

The project proponent shauld establish end maintain criteria and procedures for obtaining,
recording, complling, and analyzing data and information important for quantifying and reporting

'RF reductions relevant for the project and baseline scenario.

Monitoring procedures should include the following:
— Purpaose of moni{toring:

— Types of data and information to be reported, including units of measurement;

= QOrigin of the data

— Monitoring methodologies, intluding estimation, modeling, measurement or calculation
approaches;

— Monitoring roles and responsibilitles; and
— RF informatlon system, including the location and retentlon of stored data.

Where measurement and monitoring equipment is used, the project pi-uﬁnnent sheuld ensure that
the equipment 15 callbrated according to goed practice.

The pmiéct propenent should apply monitoring criteria and procedures an a reguldr basis during
the project implementation. '

54.9 Documenting the RF project

The pmject'prabont should have documentation that demonstrates conformance of the project
with this guidance standard. Documentation should be conslstent with validation and verification
neads. '

§.4.10 Validation and verification of the RF project

The preject proponent should have the RF -project plan validated, and the RF rjéducﬁun
achievements from Implementation should be verified. The project proponent should present an RF
reduction assertion for the project to the validator or verifier.

5.4.11 Basis of awarding RF reduction credits

Projects that reduce RF should be eligible for RF reduction credits, RF reduction credits should be
awarded only over the duration of the operating dmeframe.
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Only RF reductlons that have been independently validatéd showld be eligible for public RF
reduction credits. Ongoing verification is required to determine that the projected RF reductions
are actually realized.

Irrespective of RF reductions achieved, no RF project that increases the level of measurable-impact
climate cooling above a recognized threshold should be eligible for R¥ reduction credit,

RF reduction credits should be awarded on an annual hasis aﬁd assigned a “vintage” tying them to
RF In a specific year. ' '

'EXAMPLE A company wants t use funding dertved from RF réduction crediss to constrict a new 300-MW

thorium power plant instead of a coal plant, [t could not do so otherwise, as the thorium power plant costs
more, both upfront, and In ongoing fuel costs. The "Project” scenario is tha thorfum plant constructon, while
the "Baseline” scepario is the coal plant construction. The RF of Preject va. Baseline Is estimated over the
hower plant’s lifetime (30 years). The RF reduction of the Profect (ie., thorium plant] is calculated prior to
the plant constriiction; this RF reduction is then comparad to the RF 6f the bageline scenario (Figure 2).
(Measurable-impact climate coolants, since they would be Increased, are mecluded from the scope of the
credit). Subsequently, assuming that the profected RF reduction Is actuslly achieved and verified, the

.company becomes eligfhlé for more RF reducton credits in each year, reflecting the accumulating benefit of

the €Oz reduction over time compared to the baseline scenario. The company can use the ever-increasing
profected funding stream from RF reduction crédits t6 help secure the extra loan amounts needed to fund
capital expenditures in advance,-and also offset the increasad fuel costs assoclated with this project’s
installaton. ’ : .

g 40 = ook

Jn20 2030 2040 2050

~— Pesitiva RF, Caal Total AF, Thorium

= = Avalable RF credit
Flgure 2. RF reduction project example, for a project iﬁstalllpﬁn thorfum power piant versus a
codl power. plant. Estimates of the emisslon factors for coal ‘are from S, at al. 2015 {Hnk) For
thorium, the emission factors consider the full I cyde, using uranium power ag representative (see

5,4.12 Assessing climate and other co-benefits and trade-offs
RF ﬁmiects should be screened to determine if there are any co-beneflts or adverse tradeoffs
associated with the project scenario based upon a full evaluation using environmentally relevant
LCA metrics and methods (see Annex ), T

5.4.13 Preparing the RF reduction project report
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The project proponent should prepare and make available to intended users an RF report. This
repert should:

— Identify the intended use and intended user of the RF reduction report.
— Use a format and include content consistent with the needs of the Intended user.

If the project proponent medkes a public RF reduction assertion claiming conformance with this
guidance standard, the project proponent should make the following available to the public;

— An independent third-party validation or verification statement; or

— An RF report that includes atJeast: -

o . The name of the project proponent;

o The RF assertion, including a statement of RF reductions achieved ta date, and projected
future reductions relative to a specific ime horizon, e.g. 2030; ,

o The RF assertlon validation or verification, including type of validation or verification and
level of assurance achieved; . .

o A brief description of the RF reduction project, including size, location, duration, and types
of activities; ) o '

o A hreak-down of the RF reduction achieved by climate forcer for all climate forcers
controlled by the project proponent;

o A description of the baseline scenaria and demonstratlon that the RF reductions are
additional to what would have happened in the absence of the project;

o Adescriptian of any co-benefits documentad for the project;

o A description of any adverse impacts identified for the RF project;

¢ A general description of the criterla, procedures, or pood practice guidance used as a basis
for the calcwlation of the RF reduction achieved eonforming to this guidance standard; and

o The date of the report and time period covered,
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Annex A
(informative)

Quantification of Global Radlative Forcing

15014082 provides a summary of the procedure for calculating RF climate footprints,
quantifying the RF reduction. asseciated with RF project categories and specific RF projects
(Clauses 5.2 — 35.4). This Annex firther expands on the concepts referenced in that text.
Specifically, it describes the rationale for using radiative foreing as the basis for calculations, and the

-methods and equations used to calculate global RF atiribwtabla to project categories, projects, and

organizations and government entities.

Through&ut this Annex, default factors ave presented for use in equations. These défaultfacmrx are
based on conservative assumptions that will result in upper-bound estimates in coleuloted results,
which will be improved by performing site-specific modalling with higher temporal and geographical

_Tepresentativeness. Specific data should be used to nssess results, rather than default data, for better

temporal and geographical representativeness,

0. Glossary of Terms

In addition to terms defined in the guidance standard document, these additional termis and
definitions are relevant to the contents of Annex A.

0.1 . | |

absolute global warming potential

absolute GWP .

-~ time-{ntegrated RF up o a given time horizon due to a pulse eriasion of 1 kg of the gas ﬁnﬂer'preser_:t-day

background conditions; it has units of W m-2 kg-1 year

oz -
albedo restoration
returning albedo (sirfacs, cloud, or clear sky) to {ts preindustrial baseline conditfons

climate restoration _ . .
returning the global or regional dlimate system to its preindustrial baseline conditions

0.4

categnry endpolnt . .
atrfbute or aspect of natural environment, human- health, or resources, identifylng an
environmental issue giving cause for concern

[150 142040 and 14044]

Note 1 to entry: In this guidance standari refers to observable alterations in conditions of a component of san
Earth system that can be measured or modeled.
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0.5

Earth radlation management (ERM})

The intentlonsl reduction of the trapped Earth's longwave radlation with the alm to reduce net
global radiative forcing by enhancing the cutgoing garth radiative energy fluxes back into outer
space (typically 4-100 pm}. '

06

environmental mechanism

System of physical, chemical and blological processes for a given Impact category, linking the life
cycle inventory analysis results to category indicators and to categoly endpeints

[1SQ 14040, 44, 46 and 50]

0.7

global warming potential

GWP _

time-integrated RF due to a pulse emission of a given component, relative to a pulse emission of an
equal mass of C02

0.8
impact category indicator
Quantifiable representation of an impact category

Note 1 to entry: The shorter expression “category indicator” is used in this International Staridard for
improved readability. '
[1SO 14040 and 14044]

0.9
lmpact group

impact categories (3.5.11) with similar types of endpolnts and environmental mechanisms

[150 14040, 14044]

0.10

midpoint .

node in a cause-effect chain representing an observed chemical, physical, radfological ar hicjogical
jmpact that is linked to the final category endpoint(s)

Note 1 to entry: In ‘this guidance standard, midpoint refers to observable alterations in conditons of a
component cfan Earth system that can be measured or modeled.
(IS0 14040, 14044]

0.11

projected residual RF .

The continued, measurable warming influence of the retained atmeospheric fraction of current or
histeric accumulated long-lived greenhouse gas emisslons over specified future time horlzons

0.12

solar radiation management (SRM} _ _ ,

The intentional reduction of incoming solar shortwave Infrared energy with the aim to redure net
regional or global RF levels
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0.13

threshold: |

recognized environmental condition that, when exceeded, is linked to measurable or observed
Impact levels to climate, environment or human health

0.14

_unft process .

smiallest element considered in the lifa cycle inventory analysis for which input and output data are
guantified

(150 14040 and 14044]

0.15

vertical energy budget
(placebolder for definition)

Al  Analyzing the cause-effect chain of global and reglonal climate change

The well-established method for analyzing any environmental mechanism and its impacts Iz to
establish the biophysical pathway from its origin to its final endpoint(s), modeled as g cause-effect
chaln. The cause-effect chain for global climate change is modeled in Table A.L Accounting for
climate change impacts requires choosing a category indicator from among all possible options in

. the cause-effact chain, considering which choice will best reflect the scale, duration, severity and
potential reversibility of climate change endpoints, This process ensures that the accounting metric
selected is at the "crltical contro! point” that will provide information to enable prioritization of RF
reduction actions with the best chance of mitigating, or even reversing, endpoints.

Table A.1. Cause-effect chaln for global climate change -

Node Npidal Description Chararierization Pros or Cons of Category Indicator Selected at this
' Node
1. Indt{al « Current emisslons af long-lived climate Mo reflection of the seals of emission reductions
Releases forcers, mid-lived climate forcers; short- requlred o mitigate dimate change endpolats
[Streszars] lived climate forcers (particulatas, » Cannot b2 used to zualyze when climate change
agreaols), and cllmate coolarnts (eg, benefits may arise from an emisslon reduetion
sulfate aerosols). ® . Doea not nclude accumulaged emisslons and the
+ Converslen of cllmate precursor emisslons climztz impeets they continue tn cause
Into climate pallutams (e.g, NOx into * Leads to confuslon in prloritizing the hundreds of
Tropospheric Ozone). radiatively active polut:nts
» Leaves out 60% of RF influence of cmabs forcers

* Noability to track which activities lerd to relevant .

radiative effects :
+ Canuptaccount for sequestratin of carban with
partial release (e.g. soil earhon stocks)
8. No lins to adverse changes in climate change
: andpalnts - '
2.Inevensing: | Inevease io atmospheric concentrationof |« No opton svallable,
goncenm- long-lived and mid-lved climate forcers
| Bons
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(Midpoint}

firom current and past gmlszions

= Steady-state concentrations of short-lived

-climate forvers from contnnous and

eplsodic emisslons (g, from wildfires amd
from daily cooling and beating Ares using
wood and dung by hundreds of milHons of
people) "

» Increase fn indirect non-emisslons related
sourres, such az lbedo changes from land
use aterations, Increased exposurs of
dark land and sea surfaces as snow/fice
cover ratreat, reduced albedo of snow/lce
from black carban deposition, re-releasea
of stered heat from oceenic escillaticms
{eg. El Nifin, Pacific Decadal Osciliadon]

3.Changesin (¢ Increase innet global RF from the s Asadirect measure of the Increase since pre-

Radiative combination of varlous cimate forcers industrial dmes of the excess RF in the Barth climare

Forclog « (lobal RF levels are on a trajectory to system, RF Is a lsading indicator of climate change

(Midpalrt) rearh +3 W/ra? by 2030, +5 W/ by 2055 |  endpoint

and +8.5 W/m2 by 2100, ¢ Current RF data Identifies the four climate

pothitants responsible for over 80% of adverse
climate change impacts: C0s, methane, black carbon,
and tropospheric 0zone .

» Reladvely high accuracy and precislon in inking
emlssions to RF 15 possible (SOURCES WILL BE

. ADDED) - ]

» Necessary for understanding the climate impacts
from pon-emlssions relabed activities that lead
¢limate changes [e.g- albedo changes from land use
alterations; redwced snow cover from black carhon
daposition; enhanced sunlight absorpticn kn

.sepwater from ahip leebreakers in the springtime
Arcde] = .
s BFIncreases can be projected with kigh confdence
4 Changesin |+ Intensification of Paclfic Ocean heat Ho ppdon availabla.
cimate and pacillations (e.g, Bl Nifio, PD0] and
circulation Siberlan methane hydrate pulse (5,000,
patterns bildon tons CO20e] (SOURCES WILL BE
{Mldpoing) ADDED] |
« Converslon of the Arcde Osclllaton
permanenty nto the negatlve phase
= (losing of Antaretic Dzone Hole (reduced
intensificption of Aniaretle vortex)
s Local temperatare changes, ralnfall
pattern changas, extrems heat Instanres,
lncreased goean Bmperaiures, Be2an
deoxyeehaton ]
5. Impacts s Bxponentlal increases in scosystem and No optien available,
(Endpaints) luman health lmpacts (e.g. coral -
bleaching, super typhoons and hurricanes,
wildfires, droughts, ses, leve] rises, climate
refugees, dizeasen, epecles extinetions,
wcean acidification) (SOURCES WILL BE
ADDED]
G.Changesin | e After decades of incregsed and excegstve  |o GMT s a lagging indicator ¢f adverse cllimaie
GMT and levels of RF, GMT gradually equilibrates m change. By the time certain temperature levels are
RMT higher lavels. reached, significant endpolms will abready have
Equilibrum |« Changes in reglonal mean temperatures sccurred and may be “locked in”, while further
(Endpoint) (AMT') and rey:l onal amplification sffects alterations will be unavoldable
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= ‘Linking of any ane emission source or acovity to
GMT or RMT changes has a highet leve] of
uncertalnty than earller nodes. .

s Projactons of GMT and RMT Increases (gveraged
over decades) and temperature splkes (=g, from El
Nifio and Pacific Decadal Oseillation changes) are
highly nncertain due to natural variability, ecean
and atmesphere circulation patterns, and ather -
conslderations . '

As Table A1 makes clear, the critical control puint for climate stabilization 1s Node 3 - Le, Changes
In RE. This node has the right elements te support climate stabilization decision-making, and was
the basis of the IPCC Representative Concentration Pathway (RCP) scenario modeling in AR5 and
SR 1.5. It is therefore the basis of the RF climate accounting protocols in this guldance standard.
A2 Calculating global radiative forcing levels

A.2.1 General parameters

RF calculations encompass the contrdbutions of all climate forcers, including emissions and other

-activities that affect RF. RF calculatlons should:

— Be basgd ui:nn the global-mean annual average RF measurement;
— -Bereported on yearly basls, or alternatively as an average across multiple years;

— Consider all emissions and radiative effects that are Increased or decresged as & result of the
proj Ect, organization or government entity; and

— Be calculﬁted fﬁlluvdng clearly documented procedures and a transparent approach.
;.2.2 Climate system impact group

Global RF calculations should be reported using the following indicators:

— Long-lived climate forcers- Annoual

- Long—lived,cl_Imate forcers - Accurnulated

— Long-lived climate forcér's - Projected Residual

— Mid-lived climate forcers {eg, Methane) - Anniial and Accumulated

— Mid-lived climate forcers (e, Methane) - Projected Residual

"— Short-lived climate forcers - particulates (e.g.-, Black Carbon}

— Short-lived climate forcers - gases (e.g, Troposphéric Ozone, CO, Organic Carbon)
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— Measurable-impact climate coolants
'— Negligible-Impact climate coolants

All RF analysis should report a total Net RF result, as well as results for each of the above categories
of climate forcer (see also Table 1).

{Additional guldance on the kind of data that Is relevant will be added.)
A2.3 Defining the RF analysis and reporting timeframe
There are two types of calculated RF climate footprints:

— Annual RF climate footprints are the calculation of RF in an Individual year (e.g, mW/m? In
2020).

— Integrated RF climaté footprints are mathematically integrated across a time horizon (e.g. mW
yrs / m2 from 2020 to 2050).

HCTE Tha Absolute Global Warming Potential for a pnllufant is a type of integrated RF climate footprint.

The analysis timeframe is the period of time (Le,, time horizon) for which RF is calculated. There are
two time horizons are relevant within the analysls timeframes:

— Current RF climate footprints include all categary indicators in the climate system impact group
(see discussion above).’

— Projected RF climate footprints are calculated based upon IPCC RCP methods (IPCC AR5), which
involve estimating future concentration pathways of contributions, and include all indicators in
the climate gystem impact group. Projections for-any time horlzon may be selected but should
include projections for 2030, 2050, 2070 and 2020,

Table A.2 summarizes the analysls timeframe, reporting, and calculation parameters (reporting of
annual or integrated RF) for each analysls scope.

Table A2. RF cimate footprint analysls tmeframe and reporting, Whethar RF is calculated as an ammual
(year-by-year) valua (ln mW/m3), or in Integrated values (Le, mW yre /m7) s alsp described.

Scope | Analysjs Timefrems and Reporting Guidance Annoal RF | Integrated RF

L - Calculntion | Calculatlon

Global radlative | The amalysls Hmeframe should include the calculation of the RF Applicable

forcing reduction required by 2030 and afterwards.

reduction goals

Praject The analysis treframa shanld begin in the presentyear ar yearin | Applicable

cAtEgOTY which implementation begins and extends untl after 2030. RF Is
evaluated and reported for every year scroas the analysis
timeframe, - - : '

Projact-level The analysis timeframe should extend from the year of first project | Applicable
implemantation through the end of the project monttoring period.
defined according to project-category prowocols developed in
accordance with this guldance standard. RF is evaluated and

| reported for every vear acrogs the analvsis tmeframe,
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Government | The apalysls Umeframe should beghn with 1750, It should ako Applltcable - | Optional ]

entity (1., include forward-looking projected analyses of different R¥ levels
national; sub- | resulting from different policles that 2 country may undertake.
i national) : | n

A.24 Equation for calculating RF.

The RF for- each indicator should be calculated in each year using Equation A1 (identical to
Equation 1 in the body of the guidance standard).

__Equation A.1. Tha equation for ealeulating RF for m given year.

Radiative Forcing in year t = RF(t) = EJ(Rmew(t) + RE pparit))

Where: .
# |lse summation aver all unit processas . .

»  yeartisthe number of years after the initfation of the analysls imeframe .
*  RFomimions{t) 15 the radiative forcing in year t frem emisaions, calculated accopding to Equation A3,
‘®  RFothac(t) 15 the radiative forelng in year t from other éffects, '

A2.5 Climate forcers included in RF reduction analysis
Table 1 in the guldance standard lists the key climate forcers addressed in RF analysis..
A.2.6 Radiative effects Included

All emissions and activitles that can be linked to positive and negative RF (Le., bot warming and
cooling) should be included across the entire analysis timeframe. This should Include all emissions
‘that cause direct RF, as well as thase that lead to radiative forcing indirectly, through effects such as
chemical reactions in the atmosphera and effects on cloud cover. '

For projects that remove atmospheric CO,, the effect of subsequent leakage of the CO» must be
factored in to evaluate the net CO; removal resulting from the activity,

Provided an RF project’s net COz remaoval is t00 small to measurably perturb the trend in CO;
emissions, Equation 4.3 can be used to calculate the resulting RF, calculated by treating the net
-removal as a negatlve emisslon of COz. However, if the net CO; removal is large enough to effect the
trend of CO2 emissions and concentrations, a modified Bquation A.3 may need to be used to account
for different oceanic and terrestrial €0, absorption and ocean mixing. '

For certain unit processes, there may he activitles linked to RF (considering top of the atmasphere
thanges) that are not assocfated directly with emissions. The following activitles are known to
induce RF changes, and should be included, provided that the scale of the Induced RF change
related to the considered activity is significant: ' '

— Deposition of black carbon and other darkening materials on ice surfaces (which should be
accounted for when calculating the RF related to black carbon emissians); '
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— Infrastructure-related land nse changes that lead to an uninfended decrease of surface
reflactivity;

— Albeda restoration through eliminating destruction of Arctic sea ice due to ship ice hreaking,
especially in spring and summer months {which removes high-albedo ice and replaces it with
low-albedo seawater);

— Brightening of urban areas (i.e, “cool roofs” or "cool roads™), which can cause a negative RF
change at sufficient scale; '

— Other land use changes, lé.ading to either positive or negative RF changes (depending on the
albedo medification); )

— Restoring ocean albedo when cansidering reﬂébtivi’cy from the top of the atmosphere (eg,
cloud restoration); ’

- Destruction of stratospheric ozane by Ozone Depleting Substances, especlally by CFCs [which
should be accounted for when calculating the RF related to CFC emissions).

If the effect on RF is material given the analysis scope, such activities should be included, and a
trade-off analysis should also be included ta determine any negative unintended consequences.

A.2.7 Calculating RF from emissions

The RF related to emissions.is caleulated using Equation A.2.

Equation A2, The equatinn to calculate RF s In Equation A.1. for year b, for a defined analysls tmeframe

thatbeging in y car ie T
RFemssiom{te} = RFGH@(#{ + RFsycefty) + RFropd{ts) =

f Bi(t) < uRF(ty — tg) dt + z E}('tp) % RE;
{=CHGS tal, J=SLCPs
tp

+ Y [ By xurh - tds

k=TOPry,

Where:

tr {5 the year in which RF is being caloulated.

to is the Arstyear in the analysls Hmeframe. ,

RF emintemms{ 18] 15 toe totul RF requlting from all unlt processes in year tr

RFguc(te), RFace(ts), and RFropc(tr) are respectively the total radiatve forcing from GHGs, SLEPs, and non-
methang tropospheric azone pracursors, in year tr ’

11s a summation acress all of the GHGs in the analysis scope

Bi[1) accounts for eminslons of the “ith” GHGs In the scape {the emlssions value may vary each year)

uRFi(f) is the unit RF for “ith” GHG, caleulated using Equation A3 for C02 and Equation A4 for other GHGs,

{ is & summation across all of the SLCFa In the analysis scope (omly includes SLCFs with ar atmespheric
lifetime of less than ane yecr) ' ’

F(£) accounts for emissions of the “/th® SLCP in the scope [the emissions value may vary gach year)
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| . RE) is the radiative eficlency of the “jth” SLCP. ,
¢  kisa summation aeross all of the tropospharie azatie precursors (TOPr] In the analysis scope
= Et) accounts for the emlssion of the “kth” non-methane tropospheric nzane precurser in the scope (the
emisslons value may vary each yeer) ) . T
*  uRFift) s the unit radiative forcing from the "kth” non-methane tropospheric czone precursor, calrulated
using Equation A6 . . '

1928 . )

1928 For each pollutant, uRF {the RF resulting from the pilse emission of one million tons of a pollutant)
1830 in Equation A2 is calculated using Equation A.3 through Equation A.6. Calculation details are also
1631 Included in the equations.

1832
1833 Emuﬂmu.mnﬁrumnng.ﬁ'omthepuluanﬂmhnnfmemlmm tons of COz (1.e, the unit RF squation], from
1934  _the IPCC Fifth Asgessment Report. :

uRFepz(t} = RBegs X Reoa(t) = REgga X (ﬂo + (51 X 9%) + (ﬂz x'e.%;l) + (a3 % 8_::1)) |

Where: ' : :

s  tisthe number of years after the pulse emission soourred. o

s  uRP(t] isthe RF of one miillon tonk of £0, for a pulse emissian, 't years after the pulse emission
¢  REgo Is the radiative efflclency of €Oy, i mW/(m? Tg) . - ,

* Rops{t) s the Fraction of COz remaining in the atmosphere (t) years after the pulse emission.

‘Bequirements for calculating uRF for COs: . : .

*  The radiative eficlency (RBcoz) from the latest [PCC report should be used s a default. A dafault RBcaa value
of 00017517 mW/(m? - Tg)should bé used unless more up-to-date valyes are gvallable [TPCC ARS,
§8.5M.11.3.1] ' , ) ]

The atmospheris concentration equation from the latest [PCC report should be useqd 35 a defanlt.
The default values for the atmospheric concentration equation parameters (1.2, mg, 84, Ty, T2, #1c) in Table 4.7
should be osed unless mare up-to-data values are avaflable, .

1936 . .
1936  Equation A4. The RF resulting from the puisa emission of ocns million tous of & non-CO; CHG {le, the umit
1837  radiative forcing eqeation). :

: 'URFGHII;' (t) = REGH(-;.X RGHE(t) = REGHG o . g—fff
Where:

s tisthe qumber of years after the pulse emission occurred. .
uRFgyg (t) 15 the RF of one milllon tons of the non-C0; GHG', ‘¢ years after the pulse emiseion
Rarg(t) ls the fraction of the non-CO; GHG remalning in the stmesphere after t vears.

" REyg 15 the radiative efficiency of the GHG, in mW/(m? Tg).
T ¢ the amespheric lifetime of the non-CO; GHE, in years,

'Requirements for calculating URF far non-C0, GHGs: .
+»  The radiaive efficlency (REam) showld be raported in wnlts of mW/(m? Tg) {Le., milt-Watts per square meter
permillion tons / Tg pulse amisston). - ' :
*  Any radiative efficlency values that are convertad intg units of mW/{ma Tg) from W m+ ppby- should follow
the requirements of [PCC Fifth Assessment Report Chapter B Supplemental Materia): *To comvert RE valueg
Elven per ppbv values t per kg they must be multplied by (Ma/MI){109/TM] where MA 1= the mean
raelecular welght of air (Z8.97 kg kmol-1), M1 1s the molecylar wilght of specles T and TM is the total mass of
the atmosphere, 5.1352 % 1016 jg.” |
*  For non-COg GHGs bezldes methans, the pollutant averags atmospheric JifeHme fr) and REgg from the latest
1PCC reported should bie nsed az a defanlt, ,
« _For methane, RE. 4 should include the following indirect effects that influence the radiative efclency: i

a o roe ercey: |




formation of tropespheric ozone; effect on sulfate acrosols concentratlons; effect op stratospheric water
vapar; &ffect on nitrate aernsol cencantrations; and from COs formatiorl. [Shinsiell ot al 2009]
»  Defiulr values for v and REeng from Table A.3 should be ngad.

1938

1039  Equation A.5. The BF resulting from the pulse emission of one million tons ofn SLCP with an gtmospheric Ufstms
1840 _ofless than one year (1.e. the unit radlative forcing equation). '

_ {REsicp when & < ARTMP
wRenel) = (" Y rn T ARTMP

Where:

e tisthe number of years after the pulse smisgion occurred. . _

o  ARTMP is the Atmospheric Residence Time Modeling Parameter, inunits of time, which is equal or less than
pne year. and 2 a default cne year, -
WRPree [t] s the radiative forclng of one milion tons of the SLCP at ime t
RBsjep Is the radiative effiency of the SLCF, In mW/(m? Tg) eveluated as the annual average radlative
forcing remting from the pulse emission of one milllon tons of the SLCF (see Table A% default values for
sulfur diowide, and Table A.7 for default values for black and organic carhan]. If ARTMP i5 less than ane year,
REsicp IS then the average RF from the same size pulse emission over the duration of ARTMP {e.g, If ARTMP
is one month, then the REqco Is the average RF ovar one month].

Reguirements for caleulating uRF for SLCFs with atnospheric Wetime of legs than one year .

«  The radiative.efiiclency should be reported In units of mW/(mz2 Tg) and should be evalusted as the anmual
average radiative forcing resulting from -tha pulse emission. _

v RBorp showld take into account the fact that these SLCFs are not evenly distributed in the global atmesphers
and thetr impact varles regionally, and by source type. .

e  The following factors that affect the Induced RF of these SLCFa should be rongldered:. :

— Rata of emisslon, weather conditions, Incation, tmlng (season, hour of day), and althude of
emission scurce. Data used to charactarize RF from SLCFs should be based on mulHple years to
minimize the effects of natural climate varlabllity. This can be achieved by basing resulis upon
average seasonal or average annual etmospharic concentrations of the SLCFs.

—  Forall aerosols, indirect effects should be characterized o the extent possible. Thig can Involve use
of conzervative estimates. Examples include the enhancement of clond albeda by sulfate aerosols,
and deposttion of black carben on jce, snow and other reflective surfaces. . '

—  Other factors that can affect the Induced RF should be considered if they have a material effect

—  Bstmates of RF by source should-be obtained from paer-reviawed published research.

s  When assesaing the contribution to BF from black carbon, erganic carbon, and brown carbomn: :

»  Direct observations of BF should serve as the basis of the forcing of these pollutants, where it Is
avallatle. Modekbased cslculatons based solely on bowom-up emisslons estimates shauld be
cumpared to direct observations before beaing used to calculate the result. [NOTE: RF derived from
climate models based on bottom-up emisslons estimates have in some stdies bean found to
underestimate blark carbon concentrations by 3- to 10-fold. [Bend, T, 2013 ; Menon, 5. 2010]

o The indured RF per ton of black carbon differs significantly baged on the region of emlsslon, due to
latitudinal differances in solar radiatiori, regional differences in baseline clouds, yertieal transport
of black carbon, vnderlying albedo, and vegetation cover. Differences based on the region in which
black carbon is eraitred ahould be taloen fnta accourt. . e ' .

= Special care must be taken when Inchiding brown carbor, the compositon of which can he highly
varlable: as such, an analysls shoold be done for each specific situation. In mast casey, the posldve
farclng From brown carbon is similar in magetmde to the negative forcing from organdc carbom.
[Feng, Y. et gl 2013; Chung, CE et af 2012} Accordingly, in the result, it-can be assmmed as a
default that HF from co-emitted brown and crganic cdrbon aerosols offsat each other. This
asgumption should be recorded and justified.

e The enhanced RF resulting from deposition on jce and snow should be includad.

»  Indirect effacts on clouds, to the extent they ave relevant und can be estmated, should be Included, |
For all carbonaceous aerosol emisslons, the type of combustion should be factored nta the overall
calculations. Nete that black carbon emissions from fossil fuels are knewn to have different
characteristics than bleck carbon emissions from open burning sources.  *

| = When assessing the contribution to RF from: sulfgte coolants, the follow|ng should be inchnded in the BF




| ealenlatiom: .

¢  The conversion rate of S0z emltted to sulfate (S0, 50,).

+  Reglonal wash out rates and other meteorological factors affecting serass] ifetime,
| s __Estimates of Indirect radlative effocts (1 cloud briuhtenins effects), .

1841- _
1842  Equoatlon A6, Unit RF equaton for a pulse emission of 2 million tone of & non-methsme tropospheric ozome

1843  precursor. ! , N

URProe:lt) = .
Tropospheric Ozone Effect(t) + Sulfate Effect() + Nitrate Effect(t) + Methane Effect (t) + Plant
indirect Effect(t)= . . .

[TOPrgy + TOPrsge—2: + TOPTy] + k X URFepa(t) + REgg, X ACO2(2)

Where: :

«  tlithe number of years after the pulse etnlsslon occurred.

= URFrcer(t] is the RF of one million tons of the non-methane tropospheric ozong precursor, ‘t' years afber the
pulse emission , L

= Tropospheric ozone, sulfate, nttrate, methane, and plant indirect effects are the respective radiative effects
fram the nen-methane troposphatic ¢zone precursor. : : .

¢  TOProy, TOPreqs, TOPrw, are the fespective tagribude of the non-methane tropospheric ozone precursor’s

" indireet effeets on tropospheric ozane, sulfates, and nitratas. (see Table AR for default valuee for NOw, the
primary non-tethane tropospheric ozone precursor). . . :

s REcosis the radiative efficlency of CO,, while ACD; i5 the amount of excess COz resulting from the NOx plant
Indirect effact (see Table A9 for defaubtvalues), - .

¢  kisaunitiess value equal to the tons of methane oxidized-per ton of TOPr emitted. [see Table A8 for defanlt
values for NOx), ~ . o

Requirements for calculating uRF for the non-methane tropospheric ozone precursor:
= The following radiative effects of the emissions sheould be taken Inbo account in caleulating the RF psing
Equation A6, . )
e Direct RF increase from the formation of tropospheric ozone, .
o Perturbaton of sulfate farmation (resulting from NOx reactions to broak down these acrosols — not
relevant t precursors other than NQx), ) ’ ’
o Generation of ammorlum nftrate aerosals (in reglons of high ammonia abundance]. .
Enhanced atmaspheric decay of methane resulting from ozone oxldation. [Goltins, W) etal, 2013
©  In calculating these radlattve effects, climate models cansidering chemistry and dispersion should
be used. Default values for TOPros, TOPraos, TOPow, k, for NOx emissions from Table AE shouold be
usid If necessary. ,
¢ The indirect effect of the precursor smissions on the disruption of plant respiration fram exposure
ncreased surface ezpne should be included, if the emisalons occurs in a reglon where ground-level ozone
formed from the emisslons could transpert ‘to reglons where the ambierst nzZene concertratdon excesds
40ppb for at least once per year. (Ashmore, MR 2005: Myre, G. ot f, 2013} )
©  Dispersion modeling should be used In this determindtion and the calculation of the radiative
effect .
o  if intluded, the change in land carbon should be converted to the change In etmogpheric COz vsing
& molar inass ratlo of 44/12 , :
¢  For NOx emissions, the Equation § defanl walues for ACO; for 20 pears in Table AS should be usad
If necensary. ) . }
NOTE, The effect of ozone on the suppression of C0z uptals in lovid plenis could account for 0.2 o 04 Wmd
or 16-20% of the totql RF resulting from excess atmospheric GOz This could be a major RF driver and very
important te accourt far in the osone precursors. [Sich, 5, et al, 2007} .

O

1944 . _
1845 Table A3, Defanlt parameters for calculating uRF for C0z in Equation A.3. Ser Equation 8.5M.10 and Tabie
1844 8-5M.10 in IPCC Filth Assesminent Report Working Gronp 1, Chaptir 8 Supplemental Material for reforence

1847
1= ferm 2=l tarm 3" ferm 4% term
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Unltless exponentlal coefficient (.| go = 0.2173 Ai=02240 | A1=0282¢ | aa=0.2763

Tume dcals (11] 18 years - Notepjlcable | T1=3944 Tr=36.54 Tam 4,304
1943
1949 © Table A.4. Default Radiative Eficlencies (RE1) and Average Atmoapheric lifetimes for GHG pollutants
1850 )
Polhrtant " HELmW/{mzTg) | Average Data Source
: Atmospherlc
Lifetime
Methane [CHs) | 0.267 12.4 yaurs B Shindell et. al 2009
Nitrous Oxide [N20) 0385 121 years _IPCC ARS Takile B.A.L and calculation
Sulfur Hexafluarida (5Fs) 220 | 3200 years | IPCC ARS Table 841 and calculation
| HFC-134a T . 888 | 13.4 voars B | IPCC ARS Table .41, and calrulation
Nitrog=n Trifluoride | NFa) 159 500 vcarg _ IPCC AR5 Table B.A1. and caloulation
1851 . .
1852 Table A5, Default Radiative Efficiencles (RE1) for sulfur dioxide emmitted in four differcat reglons
1853
Polluiant REj, mW/(md Tgj  Data Source _
" Sulfur Dioxide (§0:) fram East Azia T | Collins 2013 and Shindell 2009
| 50z fram Eurape 68 | Collins 2013 and Shindell 2009
80z from North America - 4B | Callins 2013 and Shindell 2009
SO:fromSouthdsta _ _ __ 08 | Collins 2013 and Shindell 2003
1964  (Note about difference in Bast Asla to be addecl)
1866
1956 Tahle A.6. Black carbon smd organic carbon radiative defanit efdency valnes, for different
1957 regions and source types. Incudes both the direct and indirect effect from deposition
1958 on ice and suow. Calculated wsing Table 1 of Bond 2011.
1859 .
Black carbon _Organic Carbon-
RE. mW/(m2Tg] RE, mW/[m? Tl
Global average 716 -3.96
Energy-related sources
Average energy 62.1 =241
Canada 741 -1.31
- USA 62.9 =193
‘Central America 74.1 -3.30.
South Ameriea 759 -3.05
Morthern Afrlca 828 -3.61
Westarn Africa 772 -3.86
Eaptern Africa 728 =423
Southern Africa 784 -4.86
OECD Europe £0.4 199
Eastarn Europe 65.4 =2.30
Former USSER 84.0 -1.87
Middle East B4.7 -3.61
South Asla 284 -5.04
East Asla 63.5 -1.62
Southesst Asla 510 -240
Qceanla 64.1. 349
Japan 49.2 -0.87




"1980
1881
1962
1963

19684
1885
1888
1867

1968

1968
1870
1871
1872
1673
1674
1978
1976
1977
1978
1879

1980 -

1081
1882
1683

1884

{pen barping related emisslons

Average open burning 766 461
Burope 898 -148
Northern Asla. 1282 358
Southern Asla 90,3 -5.96
North Americz 1177 -355
S/CAmerica | 859 | 573
Africa .- | 56.0 380

NOTE: Specific forcing pulse values ware converted tn GWP-20 valuea by dividing by 4 x 10 and ther to
AGWP-20 by multiplylng with AGWP-20 of (02 As the AGWP-20 Is identical to AGWP-1 for black
carban, this vaiue was takan as the anmual average radiative. sfficlency. [Bond T, et al 2011.] Value Is
based on the highest SFP vatue for black carbon,

Table A.7. Radiative pflclency and k values for different effects of NOx that can used ay a default
: These vﬂlqrmn]tmnmnmnﬂwlrl_ﬂgh RF estimate for NOx.
[Coluns TOPros and K from Pry, M. M, et-al, 2022; Column TOPrmfrom Colllns, W. ot al, 2013]

TOPrsm.: TOPros 1) TOPrm %) | KO | RBene
Bast Asia- 0.16 247 | -20 DB 0.0017517
Eurppean Unlon | 037 093 | -2.0 -B.56 00017517
North America 14 242 -3.0 -0.93 D.0017817
South Asla . 048 | 428 | =20 | -1.71 00017517
Aversged 4 regions -0.0e | 214 2.0 | -0.87 0.0017517

NOTE1 GWPs for 20-year time horlzons were converted tn AGWP values using the AGWP-20 of £0;. These AGWP-20
values, which are largely invariant over ime for shart-ltved ozone and SO, are assumed to be jdentical to AGWP-1 valugg,
which are talen as average over one year for the radiative efflciency of methane's effect on these pollutants. [Fry, MM, &
al 2012) -

NOTE 2 "We can use the results of Bauer et al (2007} whi caleulated 2 normalized direct R from global anthropogénic
NOx emissions of -2.0 x 1012 W keg.” fColling, W etal 2013] - - -

NOTE3 Calrulated from Table S2 of Fry, et al, 2012; by dividing the calculated AGWP-20 of the NOx methane effect with
the AGWP-20 af methane. [Fry, M.M. et al, 2012 ]

AGWP-20, methane, calculated AGWP-20, = methene K, unftless

using Equation A4, effect, Tabin 52
_Bast Asla 255 . =221 -0.87
Eurojiean Union _ 255 L -l4z - .56
| North Ameriea 2.55 . -236 . 093
| South Asla ] 255 -4.35 -L71
4 regions 255 =2.22 -« -087

Table A.8. ACD: values for calculating longer-term RF effocts from recuced uptake of €0z
related tp Nitrogen oxide emisslons, derived from the Hierature, {Coliing, Wj, et of, 2010}

4

Years After Pulse Emisslon 'uu:m;cu:n;uox] | Yaars After Pulse Emisgion ACD: (kg CO= / kg NOx)
11 _

i

1 843525 11 | 30807
2 | 770475 | 12 | 285.065
[1 696,825 13 | 25408

11



1886
1686
1887
1888
1609
1980
1981
1992
1993
1694
1995
1998
1907
1998
1999
2000
2001
2002
2003
2004
2008
2008
2007
2008
2009
2010
2011
2042
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Years After Pulse Ernission

—

: 4002 (kg 0z / kg NOx) | Years Aft Pulso Emisslon ACD: (kg £0a / kg NOx)
| 4 623475 14 | 242.055
5 550,125 15 | 220,05
6 506115 |18 | 2075825
7 | 462105 17 1956
B | 418.095 18 183.375
|9 - 374.085 19 17115
|10 330,075 | =0 158925 ]

A28 Global radiative forcing changes from other activities

RF changes from non-eniission related activitles are caleulated directly, as follows:

A3l

RF is evaluated in terms of ianh:lz, considering annually and globally averaged Top-of-the-
gtmosphere RF changes consistent with the definitions of this guidance standard. All such

_analyses should be based upon publicly available information that has undergone peer review.

RF evaluated from such activities should be combined with any radiatively active emlssions
associated with these activities using Equation A.1 at the Immediate and long-term tmeframes.

All such activitles, If considered, should undergo a trade-off analysis. -
The effect of such actlvides on reglonal high-risk zones should be considered.

Direct effects on surface reﬂéctivity should be considered (l.e, changes in the albedo resulting
from land use changes, reflectivity of clouds, etc.).

Indirect effects on surface reflectivity should be caleulated or estimated, provided they are
expected to have a material effect on net RF results,

If indirect effects would lead to an increase in RF, they should be calculated, in order to
understand the total net RF change Induced by the activity.

As well as reflectlvity changes resulting In RF, direct and Indirect changes to RF resulting from
increased emittance of lower frequency radiation {le., Earth radiation] should also be
consideréd if they are material. '

The effect on known feedback loops should be considered, and their effect on the induced RF,
should be considered if they have a material effect.

Methods of reporting of RF.

The excess RF compared to the historic baseline can be described and reported in three ways
(Table A.9). The RF, reported in watts per square meter, can also be reported as "Total Heat Level
Increase” based on the excess heat absorbed across the total surface area of the Earth (510 million
square Idlometers), or by an ordinal scale akin to the Safflr-Simpson Hurricane Wind Scale for
hurricanes (i.e, Category 1, 2, 3, 4, and 5).
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-2023

2024 Table A9, Three Approaches to Measuring emd Reporting the Excess RF
2025
Radistive Forcing Total Heat Rate
- mneasured In W/ ma Level Increase
1W/n? 510 trilllon Watts
2W/m? 1,020 trilior Watts
3W/m? 1,530 trilllon Watts
4 W/m?* | 2,040 trillion Watts
5 W/m? 2,550 milllon Watts
5 W/m? 3.060 trillion Watts
7 W/ ms 3.570 trillion Waits
8 W,/m? 4,080 trillion Watts
2026
2027 _
2028 A4  Reglomal high-risk zone impact evaluation
2029

2030  Reglonal high-risk Z0NES are reglons where local chﬁlauc conditions are significantly altered from
2091 pre-industrial condition. Regions are designated as reglonal high-risk zones if distinct regional
2022  climate distuptions reflected in specific midpoints and endpoints are significant. |

2033 .

2034  Examples of altered conditions that-would define regional high-risk zones include regions of the
2035  earth’s surface experiencing:

2035 _ , _
2087  — Significant localized changes in the vertical energy budget, either positive or negative;
2038 . . . -

2038  — Significant locallzed changes in the hydrological cyxle;

2040

2041 = Changes In regional atmospheric circulation patterns;

2043 — Changes Inlocal temperature or temperature gradients;

2044 , S

2045 — Changes in seasonality of temperature and for RF changes;

2046

2047 — High rates of sea level rise;

2048 _ | -

2048  — Signlficant Increases in wildfires induced from climate change;

2050

2051 — Surface dimming; and

2052 L . _ _ .

2053 — Effects on local snowpack, ice cover, or other albedo changes, |

2054

2055 EXAMPLE Brown cloud polluticn in South Asia is tmpllcated as reducing the hydrological cycle and leading
2058 to significant local changes; as a result of the reduction of soler insalation to the surface, [UNEP 2008]
2057

2056 A.4.1 Identification ém_i characterization of regional high-risk zones

2060  The characteristics (e.g. spatial, temporsl, severity) of reglonal high-risk zones should be described
2061  in the summary report. If identified, the following information should be described and reported
2082  regarding the high-risk zone, at 2 minimum:
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2063
2084
2085
2086
2067
2088
2080
2070
2071
2072
2073
2074
2075
2078
2077
2078
2070
2680
2081
2082
2083

2084

2085
2086
"2087
2085
2089
2080
2081
2002
2083
2094
2085
2006
2087
2008
2080
2100
2101
2102
2103
2104
2105
2104
2107
2108
2108
2110

— The cause-effect chain that has led to the regional high-risk zone, This should include a specific
description of the observations and measurements related to the midpoints that characterize
the regional high-risk zone. The main contributors to these midpoints should be ascertained.

— ' The size, duration, seasonality, and perfodicity of the key ri:idpoint(s}'fur the regional high-risk
ZOne.

For a project, government entity, or organization, the effect of emissions and/or activities should be
evaluated to determine if there are any linkages, intended or unintended, and positive or negative,
to reglonal high-risk zones, Linkages involve any climate pollutant emlissions that transport into
known regional high-risk zones and affect thelr magnitude, size, or severity, or activities that have
an influence on the severity of the local regional high-risk zone, directly or Indirectly.

As a default, any project, government entity or organization that contributes positive RF emisslons

(e.g. aerosols, precursor pollutants). in the foliowing regional high-risk zones should be considered

to be linked to these reglonal high-risk zones, ldentified by UNEP as the major brown cloud hot
spots: East Asla, South Asia, Southeast Asla, Indonesia/Malaysia, South America, and Central Africa,
[Ramanrathan, V., et al, 2008] In addition, any activities occurring in the Arctic that could influence
the local Arctic climate in any fashion should Include the effect on the Arctic regional high-risk zone.

Additional identification of linkage to reglonal high-risk zones should be determined on a case-by-
case basis.

A.4.2 Calculating effects on regional high-risk zones (general parameters)

For any project, government entity, or organization. that is directly contributing to climate
disTuptions within a regional high-risk zone:

— the specific factors that are most relevant to the severity of the regional high-risk zone
conditions should be identified. Careful consideraticn of the cavse-effect chaln is required to
identify the underlying causes of the reglonal high-risk zone, which may be linked to regional-
level activities, or to larger climatological patterns ar feedback loops.

— the contribution of the_project. government entity, or organizatlon activifes to the key
conditlons that characterize the reglonal high-risk zone's severity should be calculated.

— the altered reglonal RF level within the regional high-risk zone (Le, the increased top-of-the-
atmosphere RF averaged across the spatial extent of the regional high-risk zane), should be
calculated. - .

A4.3 Calculating effects on reglonal high-risk zones tied to black carbon pollution

Effects of black carbon pollution in several reglonal high-risk zones are well known and understood
(UNEP 2008 Atmospheric Brown Clouds: Reglonal Assessment Report with Focus on Asia,
Published by the United Nations Environment Programme, Nairobi, Kenya) to be relevant for many
government entities, organizations, and projects, These impacts are relevant if unit precesses are
located in reglons in or near these regional high-risk zones, and emit black carbon, nitrogen oxides,



2111
2142
2113
2114
2115
2116
2917
2118
2119

2120
2121

2122

2123
2124
2126
2126

sulfur dioxide, carbon monoxide, volatlle organic 'compuund.s (VOCs],' or other pollutants
contributing to these local regional high-risk zones.

Separate category indicator results are Included for each regional high-risk zone relevant in the
scope. The category Indicator addresses the local emissions of SLCPs contributed to local regional
high-risk zone conditions. . '

The results for the regional high-risk zone impact rategory are calculated in terms of tons of black
carbon equjvalent using Equation A.7.

Equution A.7. Equation for caleulating regional bigh-risk zone impacts tied to brown doud jollution

%) X1 Short-Lived Climate Pollutant Emissions;; x CF,

Reglonal high-risk zone Impacts (tons black carbon equivalent) =

Where:
*  SLCP emissions are tons of emissions, Inchidlag: black carbon, NOx, 30z, and organic carbon eoatributing
to the local reglonal high-risk zone, :
11s the total number of unit processes in the scope .
i represents the total number of Aerosals and aerosol precuraors emitted
CF is the characterization factor

The characterization factor used to cslculate results in' Equation A.7 characterizes the potentlal
release of aerosol and aerosal precursors and the equivalent mags of black carbon formed in the
atmosphere thet results. CFs should be. calculated using regional dispersion and ammospheric
chemistry modeling.
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Annex B

(informative)

Implementing Radiatlve Forcing Management

ISO. 14082 provides & summary of the procedure for determining RF reduction goals and
establishing an RF management roadmap (Clause 5.1.2); This Amnex further expands on the-
some of the concepls referenced in that text. '

0. Glossary of Terms o
In addition to terms deflned in the puidance standard document, these additional terms and
definitions relevant to the contents of this Annex.

0I1 ) -’
global RF stabilization target :
numerical target for global RF levels over a specified time period (e.g, 1.5 W/m2, 1.9 W/m? 2.6

W/m? by 2030)

Note 1to enfry: The global RF stabilization target can additionally he defined in relation to the linkage of
certain RF lavels to other specifically defined endpoints, or to projections of future threshold exreedances.
The use of such thresholds should be accompanied by probabilistic uncertainty analysls and reporting of
confidence intervals. '

0.2 -
regional RF stabilization target _
numerical target for RF levels in reglonal high risk zones (e.g, 1.5 W/m2 by 2030)

0.3 .

representative concentration pathway (RCP)

modeled scenario that includes time serles of emissions and concentrations of the full suite of
greenhouse gases and aerosols and chemically active gases, as well as land use/land cover '

Note 1 to entry: RCPs refer to the peortion of the mhmﬁﬁaﬁnn pathwiy extending up to 2100, RCPs, usually
refer to the portion of the concentration pathway extending up to 2100, for which Integrated Assessment
‘Models produced corresponding emnission seenarios. |

Note 2 to entry: Each RCP reﬁresents only oite of many possible scenarios that 'woulq lead ta the specific

_radiative forcing cheracteristics. [IPCE Fifth Assessment Report Glossary]

[SOURCE: Intergovernmental Panel on Climate Change, IPCG Fifth Assessment Report: Climate Change 2014]
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RF reduction goal .

the amount of RF reduction desired within a specified period of time
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B.1 Determining the RF stabilization target

Establishment of RF reduciion goals and an RF management roadmap (1.e., pian of action) is
contingent upon the AF stabilization target adopted. The RF stabilization target should include
a specific target RF value (i.e, defined in W/m?) for specific target years, including but not limited
to 2030. -

Equation B.1 describes how to caleulate a global RF stabilization target associated with a specific
maximurt global mean temperature {GMT) anomaly target.

Equation B.1. Calculating a global RF reduction targct asseciated with a maximum GMT anomaly faiget.

" [Source: IPCC Fifth Assessment Report]

RF _ Temperature arget
‘TGt Climate Sensitivity

Where: .

o RFypeis the globel RF stablllzation target, in Watts per square meter,
s  Temperatireyrge: |6 the maximwy temperature anomgly target, in °C.
s Climate sensitivity is the equillbriym climate sensitvity, In °C per Wm2

The equilibrium climate sensitivity value used in Equation 1 should be that which Is published by
the TPCC in the latest Assessment Report edition. In the 2018 IPCC SR1S report, 19 W/m? is
identified as the RF anomaly limit to maintain the global mean temperature below 1.5%C. The
equilibrium climate sensitivity which should be used is 0.79°C per W/m?,

Organizations and government entities should have a process to choose which time horizons of RF

reduction are of the highest priority, and therefore which RF reduction -goals should be set. Any
prioritization should be stated and the justification provided.

B2 Calculating RF reduction objectives

The ampunt of RF reduction needed in a given year should be calculated by subtracting the RPourget
in Equation B.1 from the reasonable business-as-usual RF level in each year using Equation B.2.

Equation B.2. Caleulating a global RF reduction objective associated with an RF stebilization carget linked to
meximum GMT anomaly goals. )

ARF(t) = RFpau(t) — RFtargat'
Whers:
¢  tlsthe year.
s ARF(L) 15 the reduction In RF requlred in yeart
@  RFprye I8 the BF stabilizaton target caleulated according to Equation Bi
8  RPun(%) i& the reasonable business-as-usual {“BAU") RF leval in yeart.

The reasonable husiness—as-usual:RF level is based upon p‘eer-reviev.;ed projections from
major climate models (e.g, as notad in AR5).
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NOTE Four RCPs were modeled in the IPCC Fifth Assessnient Report: RCP2.6, RCP4.5, RCP6,0 and RCPS.5.
Under RCP2.6, RF peaks at approximately 3 W/m? before 2100 and then declines to stabilize at about 26
W/m?. RCP4.5 and RCP6.0 were two Intermediate stabilization pathways In which RF is stabilized at
approximately 4.5 W/m? and 6,0 W/m2 untll 2100, Under RCP8.5, RF was preojected to excead 8.5 W/m? by
2100 and continue to rise for some amoint of time. ' T

Table E1. RF reductionms required neing the giobal RF reduction objectives amociated with madmum
temperatura anemaly geals of 0.0°C, 1.5°C, and 2.0°C, RF reductions, compared to RCP8.5. All RF reductons are
calzulated using Equation B1. Souvce: To be irseried '

[ Temperatmre Maxizmonn | 0°C 1.5%€ ) 1.5°C

RF Stabilization Target 0.0 W/m2 15Wma | 1L.9W/m?
(conservatively low (equilibrinm climats
equilibriym cHmate sensttivity of 0.79°C
sentitlvity of 1.0°C per | per W/m?)

W/m? —

Year 51 RF reductisn required RF reduction reiuired RF reduction required

2025 29 _ 14 1.0

2030 33 18 14

2035 36 24 |17

2040 39 , | 24 20

[ 2045 43 28 24
2050’ 4.7 3.2 128

2055 151 6 - ‘3.2

2060 5.4 39 35

2065 5.8 | 43 [ 39

2070 6.2 47 4.3

2075 8.5 50 | 48

2080 69 54 50

2085 173 58 54

2050 1.6 6.1 - | 87

2095 79 6.4 &0 |

2100 8.3 | 68 | 4 |

Figure 1 {llustrates the level of global RF reduction needed by 2030 (and subsequent decades) to

achieve two different GMT stabllization goals relative to the IPCC AR5 RCP8.5 scenario: 1) to
prevent GMT from crossing +1.5°C; and 2) to achieve an even more aggressive goal of lowering
GMT back to the 2012 level of +0.8°C (e.g., that would be required for high-risk zones).
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Figure 1. RF reduciion required to malntain the global meen temperature at +1.5°C {Le. 1.9 W/m2) or below
+0.8°C (L2, 1.0 W/m?). or below +0.8°C (L.e., 1.0 W/m3), when compared to RCP 8.5. While there Is uncertainty
regarding future RF levels included in this figure, the most widely accepbed estimates by the IFCC 1n 1t3 Representatve
Concantraton Pathweys (RCPs) scenarlos prolect a rise to about +3.0 W/m? by 2030 -a rate that, if sustained, would
eventially lead to an increase in average global temperature to over +2,0°C. The framework provides guidance on how
to estimate the level of RF redurtiun required each year in the future compared to what 15 expected, in order to maintain
RF at specific levels, Ae described Ln the [PCC $HLS, malntulniog RF at 19 W/m? will provide a 50% Hkelihaod of
stabilizatlori at about 1.5°C. [Sources: IPCC Fifth Assessoent Report gnd IPCC Special Report on Global Werming of
1.59¢]

B.3 Establishing an RF management roadmap

B.3.1. Global RF management roadmap .
Government entities should, and organizations can, estahlish RF management roadmaps that are:

— Clobal in scope, focusing on the reduction of global RF levels

— Incude a stated RF stabilization target and global RF reduction goals for specific years,
including 2030. '

— Include a set of RF reduction projects sufficient In scale to achieve the stated RF reduction goal
by 2030; -

These roadmaps should:
— Include a tlme_h‘ne for implementation and completion of each RF reduction project;

— Bebased on RF projects demenstrated to have no significant climate or other adverse trade-offs .
that cannot be mitigated, as determined based on procedures provided in this guldance
gtandard;

— Provide transparent milestones for all RF projects;

4
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— In¢lude the available budgey: for iinplementaﬁun of all RF projects;
— Include the estimated cost of implementation of each RF project;

— Be fully documented, including a listing of data, climate models, and assumptions used o
generate the list of RF projects and justification for the RF reductions projected.

~ Be peer reviewed by a panel of indapendent experts and stakeholders.

These roadmaps can be'develaped by a body that is independent from the existing entites within
the organization or government entity (e.g. an independent commission). Personnel with adequate
expertise in climate science, economic analysis, and project Implementation should participate in
this development.

The review process should involve individuals who have no conflict of interest. The peer review
panel expertise should cover all relevant aspects of the proposed RF projects (e.g, climate science,
engineering, economics, environment, and human health),

B.3.2. Regional high-risk zone management roadmap

Government entities and organizations should estshlish specific roadmaps for regions facing
extreme risks from climate change by or before 2030.

NOTE Examples of high-risk zones include: regions at extreme risk of floading fiom rising sea levels, such
ag small island.nations and many coastal cities; regions at risk of temperature spikes and mean temperatures
far in exeess of GMT, such as parts of the western US; reglons at risk of major fpod or water insecurlty due o
drought or other food source Imperilment, such as parts of India and sub-Saharan Africa; and regions subject
to major ecosystem alterations, such as the Arciic,

Regional high-risk zone management roadmaps should:

— Be reglonal in scope, identifying the nature of the particular risk and the means by which this-
risk is monltored;

—. Include quantified goal(s} in each high risk-area (e.g, restoration of regional mean temperature
to 1950 levels, or reduction in extreme heat wave incidence by 50%);

— Include RF profects sufficient in scale and timeliness to prevent regional climate-induced
Impacts by or before 2030;

— Include timelines for implementation and completion of each RF project;

~ Bebased on projects demonstrated to have no significant climate or other trade-offs that cannot
be mitigated, as determined based on procedures provided in this guidance standard;

— Provide transparent milestones for all RF projects;

— Be documented, including a listing of data, climate modals, and assumptions used to generate
the list of RF projects and roadmap; and

— Be peer reviewed by a panel of independent experts and stakehalders.
8
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