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Summary

While the transport sector is a key contributor to development and economic growth, it also causes
significant GHG emissions. Timainobjective of thisReferenceddmeaitteto introducefirstly, the

basic concepts Measurement, Reporting and VénfRsfiai GHG mitigation actions in the

transport sectosecondlythe data needs for MRV, ahddly,institutional and process teth

details for establishing an MRV sysfémcomplete system encompasses MRV activities and the
institutionakation and coordation of these activities applied to

1 Reporting of transport emissions (as paatd® inventoriek
1 Trackinghelevel of achievement wational regional or citglelmitigationgoals
1 Accounting okffectsof NAMAS;

Tracking any mitigation action in the transport sector is challenging given the lack of information
collection systems in maguntriesand the multitude of smdikpersedource emittersehicles.
Welldesigned MRV can increase the transparency of igfpadigation efforts. It enhances and
improves transport planning and implementatiopraviles data and information for the répor

ing requirements under the UNFCCC. Reerence Docgivestadvice ogood MRV practices

and addresses especially policy malkagseaioping courig's ad developers dflational Appropir

ate Mitigation Actia@(NAMAS) in transport systemagth a focus on land transport in developing
countriesThis is very relewt fortheimplementation dfintended) Nationally Determined Contr
butions((INDCs/NDCs) thatcountries submitted in the context of Bagis Agreenieridecenber

2015.

After defining the scope and objective in the introdustmtignl), section?2 explainsthe ap-

proaches and kearameterfor transport sectaelatedMRYV. It starts with explainirgkey co-

cept for transport sectMRYV thatis théinthed0 AS | F éwork. /AGIFs t and tfi o t§, 6
0 mo ghea r gehiddnd e n s i Fughb. abBmediquaded on the amount of people or freight
that is actually travelling, hamd how fathey are traVi@g, the fuel use per passeskyeror kWh

per tonkm, and the amount of GHGs released per unit of energy conkuwustinues to discuss
boundars, emission factor databases anthiésteairtransportssector indicators. The section also
explains key principles for data collection and MRV such@&ltensiveness, relevance; co
sistency, transparency, accuracy, accessibiktsgndeffectiveess This is complemésd by an
overview of methods for data collection. Furthermgoedity assurance and quality control

(QA/QC) areimportant elemeasto strengtheronfidencemongdecision makers and stakdhol
ers.Section2 finallyhighlights the tevance of institutions in collecting, processing and reporting
relevant data, since relevantrimfation is often widely dispersed and collected by a large number of
public and private institutiodsgood MRV system requires harimmahand consisterttefinitions

and methodologies for data agit set by institutions to ensure good planning and robust design
of surveys

SectiorB focuses on impact assessment of mitigation action by commgaratgal dateesulting

from mitigation actioto a hypothgcal situation without the action, call&lugesasusualBAU)
senario.Assessing the impact of a respective mitigation action, edhtex ex expost, needs to

take into accourhe particularities of the mitigation actions, as they can seaieirranging from
project/progranmes (e.g. investments in specific urban development improvements), policies (e.qg.
regulation of car fleet efficiency), sector strategies or targets (drgnshifad freight transport to
railway)After defning the sope of the mitigation actiamcausal chain could be mapped to identify



all positive, netjve, direct and indirect changes in GHG emissions in the transport sector resulting
from theaction Thesectioralsoincludes the concept of an assessment bgumdach should

encompass aklevaneffectsof the mitigatioraction It also discusses the level of aggregation

the assessmeggpecially when measuredaralledand individual effects are difficult to assess.
Sibsequently, baseline dousinesssusual (BAU) scenario is defined, which is needed to set the
refaence level against which the impacts of the mitigation action are assessed. A good BAU scenario
also enables estimating the reference level-@HGnindicators in order to estimate otbestai-

able development benefits. A BAU can be static (fibeededxor dynamic (estimated using-info

mation measured during implementation cARN); it is based on past trends ibatso should

take into account current and anticipated davelus.

Sectiort provides fouspecific examples of MRV of transport mitigation actibich illustrate
practice, challenges and solutiliigoks at switching freight from road to short sq@psig in
Brazil, increasing interban rail in India, fuel effemcy standards in the US and transinted
development in Colombia.

Finally sectiorb proposes a framework for establishing a comprehensive MRVIsgstsribes
how institutions could use an iterative praoessierto strengthen their colleatiand managy
mentof data Such a process involeesthe one handhe prioritizion and selection of key data
and improving data quality over temelit recommendson the otheusinga clearing house to
organise institutionalisation of data manageif@nhext section thentlines how to develop
NAMA MRV systems. It recommends including all relevant stakehgpldiefigibg clear respans
bilities. Further, itlaboratethree phases anthe steps towards NAMA MRV:

Phase 1: Define scope and boundaries
Step 1: Identify main effects of mitigation action (see section 3.2 and 3.3)
Step 2: Assess data availability/gaps (see section 2.1)
Step 3: Define boundaries for analysis (see section 3.4 and 3.5)
Phase 2Scenarios and modelling
Step 4: Develop baseliscenario (and-exte mitigation scenario) (see section 3.6)
Step 5: Seatp model to calculate emissions (see section 2.1, 2.2 and 3.7)
Step 6: Develop data collection plan (and methods such as surveys)
Phase 3ata managemeand monitoring
Step 7: Ctdct data (measure)
Step 8: Calculate emission reductions
Step 9: Report and verify (see sectign 3.9

This procesapplies tdoth,exante assessments angest NAMA moniteing plans. Ideally, €x
ante modelling during NAMA development is consistentheittxpost manitoring approach and
uses synergiegy. in data collection and modellkighe same tim8&HG inventories and a general
understanding of emissions in the transport sector can be improwkedisd and processiata
and correspaling kssons learnt



Definition of terms

Term Definition

ASIF frare- Activity (trips in km per mode), Structure (modal share), Intensity (energy intensity

work mode in MJ/km), Fuel (carbon intensity of the fuel in kg CO2/MJ) are the fourrdiffe
entcomponents hat determine the tr ansflameworks
helps to capture the characteristics of the current transport system.

BAU scenario Businessas-usual describes a scenario that would have happened in the absence
strategy, policy, prgranme or project to mitgate GHG emissions

BUR Biennial update report is a national report submitted every two years to UNAECC
reportsthe country's GHG emissions, mitigation actions taken by country and thei
impacts on GHG emissions reduction, etc

Cobenefits Cobenefits are intended or unintended positive sieléects of a mitigation measure.
These are typically synergies with other objectives, such as air quality, productivit
road safety etc. associated witthe reduction ofgreenhouse gasmaissiors.

Exante An exante approach establishes a future BAU scenario and estimates the expect
future effects from transport mitigation actions in a variety of scenarios.
Expost An expost MRV approach uses measured information to estimate ang teeifred-

ised GHG emissions changes during and/or after the mitigation action.
Greenhouse The GHG data reported by Parties of the UNFCCC contain estimates for direet gr
gases (GHG) house gases, such as: Carbon dioxide;Q@ethane (CHi, nitrous oxié (NO), Pe-
fluorocarbons (PFCs), Hydrofluorocarbons (HFCs), (Sulphur hexafluorige HSF
various GHGs have a specific global warming potential expressed in carbon dioxi
equialents (CG@e).

ICA International consultation and analysis (ICi&)a form of review currently being neg
tiated and designed in the UNFCCC intergovernmental process.

Indicator Transport relevant variable used as a representation of an associated factor on-qu
tity e.g. fuel sold and emission factors to determine,@Missims.

NDC (Intendedl Nationally Determined Contributions (INDCs) refer to the contributions t

tackle climate change submitted by countries to UNFCCC in pursuance of decisio
taken at Warsaw COP in context of negotiation on a neweageat that will be ap-
plicable post 2020. INDCs should include mitigation contributions of countries-in &
cordance with common but differentiated responsibility and equity. Countries may
include adaptation measures in the INDCs.

Inventory An emission inventory is defined ascomprehensive listing by sources of greenhou
gas and air pollutantemissions in a geographic area (community, city, distrietjan,
and world) during a specific time period.

Mitigation A measure or package of measures (e.g. strategies, ipsliprograrmes or projects)
action that helpsto reduce or slomdownthe growthof greenhousgas emissions.
Measuring Process where data and informatiane collected and compressed into key trends
which describe the state of the system and support decisiong@equired actions.
MRV GMeagdri GReportingdg and GVerifyingg ¢

MRV System Entirety of MRV activities at the national level, including the institutiosetiion and
in transport ~ coordination of these activities for setup oé(g.) a national GHG inventory, domesti

sector or supported NAMAs, national transport policies or national mitigation goals in the
transport sector.
NAMA Nationally Appropriate Mitigation Action. NAMASs are voluntary mitigation measure

taken by developing coumgs that are reported by national governments to the Unit
Nations Framework Convention on Climate ChangeGQC).

National Parties to the UNFCCC must submit national reports on implementation of thenzo

reporting tion to the Conference of the Pags (COP). Furthermore, it is a formal requirement
report on planned, current and implemented NAMASs within biennial update report
(BURS).




1.Introduction

A key element of the international framewaork for climate change mitigation is the concept of Mea
urement, Reporting, and Verification (MRV) Beeel) . lts objective ns to in
cy of mitigation efforts made by developing countries as well as to build mutual confidence among

all countriesd ( WMSSESOEnt enBubed midmum quality\are is ia méaes to

create trust and a common understanding within the United Nations Framework Convention on

Climate Change (UNFCCC). In this context MRV is also a key requisite for mitigation actions to be
attractive foforeign climate financing. MRV also will be a central element of implementation of

Intended Nationally Determined ContributiddBCs), as part of the negreement for pe&020

period.

Definition ofMRV

I Measurement: Collect relevant information orogress and impact of mitigation action.
I Reporting: Present the measured information in a transparent and steddaadiner.

1 Verification: Assess the completeness, consistency and reliability of the reported information
through an independent process.

Box 1: Three elements of MRV according to UNFCCC, UNEP, UNDP (2013).

The transport sector contributes substantially to GHG emissions, both, in developed as well as in
developing countries. But as transport policies typicadlyfaiilitatingtrade oratergblingaccess

to jobs, existing evaluation systems usually do not take GHG emissions into account. Even though
transport statistics and impact assessments of transport policies form a good basis fora&sHG mitig
tion MRV, there are sanfeatures of the transport sector that make it more challenging to MRV

than other sectors.

One challenge to evaluating transport sector emissions is the nature of millions of small mobile
sources, i.e. vehicles that move independently and cannot assifjnbd to a specific location. In
addition, vehicles are driven by a variety of fuels (electricity, gasoline, diesel, kerosenea; CNG, biof
els, etc.) and operated by a huge number of individuals or enterprises. As a result, it is difficult to (a)
collectdata and (b) accurately identify the boundaries of the assessment. Advanced, transport related
MRV-systems able to overcome such challenges often do not exist in developing countries yet.

Because of such challenges, many developing countries anairateongdinizations see the r
guirement of MRV as a key barrier to engaging i

1Although the original UNFCCC terminology reads oOmeasur.
monitoringeporting and verification. In fact, monitoring may be the mor&daitabsince many importeffectscannot

be directly measured in a strict sense of the word.dodinieentve nevertheless stick to the official terminology sf mea

urement.



tion Actionsd (NAMAs). But at the same time, de
systems: Transport enables esooaevelopment through facilitating trade and creates sogial ben

fits such as access to jobs, shopping or leisure facilities. While especially road transport often has
negative environmental impacts such as air pollution, land consumption or norsesgood t

policies consider this and try to misenthe negative impacts as far as possible. Such policies often

also reduce GHG emissions.

As a consequence, GHG e mi sbsenoenf irtedd uocft i goonosd etarsa n
Enabling developg countries to see such benefits through MRV can trigger additional sustainable
development and foster more transport related mitigation actions. This Reference Document on
MRV-Systems in the Transport Sector airpsovidngthe necessary backgroundrinfation and

concepts to establish successful MRV systems for the transport sector.

1.1.Reasons for measuring transport

Transportation activity typically increases with economic activity, but at the same time ldrives deve
opment and economic growth. Over tieeery region has experienced the same evolution of

transport activity as income levels have grown, resulting in increases in trip distances and people
shifting to shared motierl transport and ultimately to private cars. Accordiragigport planers

have to understand effectiveness of options and decide on appropriate measures. Theyface a mult
tude of challenges to deliver the right kind of transport at the right place and time, at affordable pri

es and with mini mum da nafetyandtheentirdnmentpEnppancingand on 6 s
improving data enable them to provide-aigdiity sustainable transport and meet the natesnal d

velopment objectives.

UNFCCC reporting requirements related to GHG emissions and 4G ef mitigation actions
have concurrentlyncreased with developing country mitigation responditelitgrting is impk
mented in bannual update reports. MRV systems provide data anchitido for reporting under
the UNFCCQe.g GHG inventoriesandcatalysinternational sygort for enhancedcion (see
Figurel).

Reporting

total transport sector
GHG emissions

Deciding Understanding
on appropriate GHG effectiveness
measures of measures
ex-ante ex-post

Figurel: Purposes of MRV in the transport sector

The purposes of understanding, deciding and reporting involve a temporal dimension, too. MRV
systemsire about understanding current emission &di®w emissions developed in the past.



With respect to measures the interest is rather on changes in emission levels than current levels, so
this involves both an @ost perspective (What has been acligaad an eante otiook (What is
likely to be achiev@d

Further need comes from the current situation in developing countries, where éitda\datiale

that would allow for consistently and systematically linking transport activities tseDagaion

collected and published in most developing countries does not establish links between transport
demand, fuel consumption and the impact of policies and investments. This is a critical link which is
often missing in the conventional planning proEesthermore, not all externalities of transport
(congestion, noise etc.) are related to fuel consumption but are still linked to transport demand.
Transport data and indicators should address multiple dimensions and time horizons.

1.2.0Objectives

Countrieshiat measure, report and verify emission reductions aim at a reliable and robust assessment
of greenhouse gas (GHG) emissions and mitigation action performance. This document aims at
helping governments and transport sector experts in developing couthéietop comprehensive

national level systems for measuring developments of transport related emissions and impacts of
transport NAMAs. With the new peX20 agreement, such a system will also helpgrami

cowntries are meeting the contributiontedisn theiNDC. Case studies and examples are provided

to illustrate real world implementation of MRV procedures to meet different needs.

The three specific objectives of the Reference Document are to:

4 Understand the data needs and tools to collepraress data for comprehensive GHGrinve
tories and monitoringffectsof mitigation actionséctior?);

1 Explain how these parameters and tools can be used for reporting on Nationally Appropriate
Mitigation ActionssectiorB);

4 Qutline processes required to organise sound measurement (data collection and processing),
reporting and verification of GHG emissi@gec{iorb).

1.3.Scope of document

This document is about 0 tismagerenly agteedMd&iMtiorstiyes t e ms 0 .
term usually describes a sectoral part of a national system for measuring, reporting and verifying
GHG emissions:

A Transport MRV System should enable to (a) understand total GHG emissions in the
transport sector andb) the effectsof mitigation actions.

The term émeasurement, report i npmpstpenspectiveer i fi cat.i
looking back at what has been achieved. BaigGHG assessments usually also involve-an ex

ante perspectiveg.iscenarios for possible future mitigation actions and the sector as a whole. Such
exante assessments are important (a) to identify the meyeftiosnt mitigation actions and

facilitate selection of policies, progremnor projects and (b) to eséte the emission reduction

potential of a specific NAMA during the proposal development. Such future development scenarios

are also common practice in transport planning e.g. evaluating the impacts of large infrastructure
projects such as subways or aigpan traffic in a city. Eante assessments are also part of any



NAMA proposal (to NAMA funders) and the mitigation action part in biennial update reports (see
below) to the UNFCCC and therefore an integral part of MRV systems.

The key concepts linkealthe UNFCCC for which MRYV is relevant are the following:

4 Biennial Update Reports (BUR) ad National Communications (NC):
BURs and NCs will include national GHG inventory and the mitigation efforts of country, i
cluding NAMAs. Current BUR guidelines Haen decided at the United National Framework
Convention for Climate Changeds (UNFCCC) 17th
(s. decision 2.CP17). The inventory section usually follows the Intergovernmental Ranel on ClI
mat e Change tnesfaf GHEOEeNtorigs(IPECe200i7) but there is hardly any
guidance for the section on mitigation actieven though this is also subject to scrutiny in the
international consultation and analysis (ICA)

4 Nationally Appropriate Mitigation Action (NAMA) p roposals and reporting
As defined in the Cancun agreement in 2010 (Decision 1/CP.16), all NAMAs will be measured,
reported and verified domestically. Internationally supported NAMAs will also be sobject to i
ternational MRV. While some data from invéegaran be used for NAMA MRV, it is rsece
sary to analyse the specific impacts of the NAMA measures, in most cases against a supposed
baseline or BAU scenario. The outcomes and impacts of implemented NAMAs as well as i
formation on planned NAMAs will be ogfed in the BURs.

1 Low Emission Development Strategies (LEDS) andintended) Nationally Determined
Contributions (NDC s):
LEDS are a weaker concept than NAMAs.-The 201
carbon development strategy is indispensablete t ai nabl e devel opmentd (
Para. 6), but there is no UNFCCC definition of LEDS. The OECD has loosely described LEDS
as 0 f-loakimgahatidnal development plans or strategies that encompassskion
and/or climateesilient economgr owt hé. Whil e LEDS wusually are
sectoalway, there are also specific transport sector climate strategies based on scenario studies.
Such documents are often developed by transport authorities in order to understasid the emi
sion redution potential and opportuigs in the sector. LaterGDP 19n Warsavecountries
where asked to subrfiiitended Nationally Determined ContributiomsIDCs) describing
their commitments to the Paris Climate Change Agreement in November 2015. Rigally LE
lead toNDCs butthe connection might still be missing instasbthereporting folNDC
implematation has not been decided yet.

The scope of thi Rerf ep @mtdsen iespataystendsid feveldpinge d 06
countries and pactlarly land transportation, for both passenger and freight. Thereby the document
focuses on:

4 MRV of greenhouse gas emissions:
While the main focus is on measuring of GHG emissions and mitigation benefits, parameters
for measurement of né€BHG relatedbe e f i t s or oOsustainable develo
discussed, including e.g. improved safety, enhanced mobility, air quality, noise or @conomic be
efits. The assessment of sustainable development benefits is also touched in this document, since
this isa key driver for developing countries to take actions in the transport sector.

I MRV of NAMAs:
Inventories are the basis for understanding (transport sector) emissions but are not sufficient to
assess impacts of specific/single mitigation actions. Tliie sp¢are of MRV depends on
whether countries commit to economy wide or sedtier mitigation targets or NAMAs. While
an economyvide (or sectoral) mitigation target requires a full inventory of all emissiens occu



ring (sesectior?2.3and5.1), commitment to a specific (sadxtor) NAMA asks for an impact
assessment of the measure taken within its specific boundaries and againshausugihess
scenariodectiorn3 and5.2).

The Reference Document builds on existing knowledge of a group of experts covering a wide range
of institutions and backgrounds. It is part of a larger effort under the monitoring and MRV work
stream in the TRANSfergject that includes

i The devel opBeoepof ndoBIBVor ONAMA Met hoidol ogi es
cies or programes (Expert Group on MR@ystems in the Transport Sector)

1+ Direct support of countries in developing their Miygtem for the transp@ector (TRAN-
fer Transport NAMA Handbook)

More
General et
2 Specific \
Guidance Guidance
NAMA ;
7 — Blueprint
1. Policy Identification T ]
\. > -
'S =2 —
o MRV
2. MRV (1] Process
\ o ||
- o - Country Roadmap to NAMA Readiness
Climate /
3. Finance P Finance
L Process

Figure2: Overview of MRV system and respective components.

The Reference Document builgon to the TRANSfer Handbodlavigating Transp@xihhAs?

and provides an-tepth analysisofo pi ¢ s of sdetmmoHWRE dnd puts i i the
context of actual case study experiefbesReference Document also relates to the WRI GHG
Protocol Policy and Action Standard and its Transport Sector Guidance andenaikes e
some of & approaches and conceptasigessirifpe mitigation impact of AMAs (WRI 2014b).

2 http://transport-namas.org/resources/handbook/



2. Transport sector data

The reporianalyses hotransport sector data can be used in setting up MRV syitema. con-
siderable amount tfansport relatedata aralreagl available and collected in transport itistis
Suchdataarethekey to build consistent and eefficient MRV systems. With respect to such
transport sector data there are three cosianse what do we (need to) measure, report and verify
(sectbn 2.1), how do we process the daectior2.2 and who does is¢ctior2.3?The answers to
these questions depend on the objectives of the MR, systanational circumstances and r
sources available. However, there are some common characteristics ahelsajpyitagaply to the
setup of all transport sector MRV systems.sEaisorprovides an overview on key datacatdrs

and parameters aslivées the institutional arrangements needed for their collection gsid.anal

2.1.Approaches and key parameters for transport MRV

This section focuses on the question what approaches for data MRV exist and what parameters to
measuregeport and verify. In geral transport carbon emissions can be quantified based on two
independentsetsofd&@a ener gy used6 and 0t r adownlappepoachand i t yo,
bottomrup approach respectively. Jagwn accounting provides a snapshot of GHG emissions

during a specified time period based on statistical data aggregated at a certain geographical level (e.g.
the total energy consumption or total fossil fuels sold in a year) -Bottatoulations are applied

to estimate emissions in more detail and allwentification of the causes of the emissions. The

following sections discuss these two approaches in more detail, describing thardetguinatl

for different levels of accuracy.

2.1.1Topdown approach vdottom up (ASIF)

In the transport sector thep-down approach is based on the calculation of GHG emissions based

on the amount of 6fuel combustedd or &6sol dd (in
types (ink gCeq/litre). It requires fuel consumption data, e.g. in a countrgl(sales) or for a

specific vehicle fleet (e.g. all lorries of a logistic compatvigl below shows typical conversion

factors, in this case provided defaults from the IPCC.

Tablel: Direct CO2 conversionctars (tankto-wheel) provided by the IPCC

Energy type Density (kg/l) Conversion factor Result (kgCO/l)
(kgCQ/kg)

Gasoline 0.74 2.98 2.21

Diesel 0.86 3.16 2.72

Liquefied natural gas 0.45 3.06 1.38




The topdown approach is needed for national GH@ntories as most of diesel and gasoline fuels

are used in the transport sector. The fact that fuel sales are monitored in most countrigs for tax pu
poses makes this a seemingly simple and easy way to design an energy balance. Countries also report
their overall energy balance sheets to the International Energy Agency (IEA). Top down approaches,
especially if based on internationally consistent datasets, also allow for comparison between cou

tries. However, there are a number of limitations to the approach:

1 Diverse use of fuelSeparating transport sector effects can be difficult, as transport fels esp
cially diesel and to some extent LPG are also used by industrial, household, agricidtural and st
tionary equipment. For example diesel may be sold in Audcge construction company
which thereafter uses the fuel for trucks (transport), stationary equipment, cement production,
process energy etc. The assignment of diesel to the transport sector is based in many countries
using percentage assumptions basedpert judgements. Results can change signifieantly b
tween years due to change of assumptions.

1+ Distortions from crossborder activities For some countries the official statistics on fuel sold
within the country provide limited information on theadatse within the country. This can be
for various reasons. One is cHosglersaleswhere for example differences in taxation encou
age citizens of neighbouring countries buy their fuel across the border. The other gs fuel smu
gling, where fuel usedtire country is not reflected in official statistics. In both cases the fuel
sale numbers do not reflect transport activity in the country.

1+ Limited information value: Collecting data on fuel consumption alone does not provide any
insights to the specifickthe transport system or the policy being implemented. The fuel sold
can be consumed by any kind of nis@mMmode of transport and isolating the impact of mode,
policy or investment is impossible. For example, fuel consumption data published by the Inte
national Energy Agency or by individual countries through energy balance sheets only include
four types of modes (road, railways, waterways and aviation). All modes mix passenger transport
and freight.

1 Coverage The focus on fuels does not cover trangparbn electricity. In the IPCC metho
ology, electricity usage in transport is attributed to the energy industries sector. However urban
as well as interban rail uses electricity. The approach therefore presents an incomplete picture
of the sector. Stiegies such as NAMAs to electrify transport will increase the electricity usage
of transport and enhance this effect. If not reflected adequately within the MRV system, the top
down approach can show decreasing trends which are not reality as thay afaedswitch
towards electricity.

4 Applicability to greenhouse gasesThe topdown approach works, with the stated limitations,
well for CQ emissions, which are the most important source of emissions in the seetor. Ho
ever, the approach is not apprajgrifor CH and NO emissions, which depend more strongly
on the vehicle technology, fuel and operatiagacteristics (IPCC, 2006).

This is also why tegpown GHG inventories often are complemented with betimimventory

models (see belavgxamples aTREMOD?3 in Germanyr COPERFin southern Eurogan
countriesSuchadvanced bottomap models have often been developed in order to quantifi air po
lutant emissions and only later have been used for GHG emissions as well. But these models also
enable counies to reduce uncertainties and develop more detailed analysis.

3TREMOD - Transport Emisen Modelhttps://www.ifeu.org/english/index.php?bereich=ver&seite=projekt_tremod
4 COPERT 4.Mhttp://emisia.com/copert/
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Usually, such advanced models, but also other models like the Mobility ModelS@1@MdO)
International Energy Agency (IEA)simplerspreadsheet modelgen include an eante perspe

tive and allow to nuel different scenarios for future developments under certain conditions such as
fleet compasion and average mileages. Feareg modelling, tepown datareusually of limited

use, as not details regarding e.g. vehicles usefilifarther lanelise in future can berdered.
However, bottorup models need to be calibrated withdiown data, so it is hot a question

whether to use one or the other but any boetiprimveitory model needs tegiown data

Distinguishing tojlown orbottom-up is also reflected in the International Panel of Climate Change

(IPCC) Guidelines for National Greenhouse Gas Inventdrige [IPCC 2006], which specify

procedures for the energy sector, of which transport is part. The IPCC guidelinestiesistbfe

GHG emi ssion quantification appr oaedaoewpéd Tai er 1
proaches while Tier 3 met hoduop 6o ga pepsr ocaocnhpel se. meTnht e
differentiated by the source of the conversion factangjevifL using IPCC default values and tier 2

using countrgpecific data. Tier 3 methodologies then reduce uncertainties in fuel sales data. The
approach chosen and specific procedures and data sources are usually further defined in national
level guidaie s or oOoqual ity systemsd for emission repo

i Tier 1represents the default method, which normally uses high ledelvtopata together
with default conversion factors (sometimes also called emission Tdeagergy consumed
is converted with ¢ult conversion factors for carbon content inte. GOr other GHG ensk
sions (e.g. CHNO) fuetbased default conversion factors are also used although these factors
depend on the combustion technologies and operating conditions (and not on thercarbon ¢
tent of the fuels). Therefore, the tier 1 approach has large uncertainties regardir@Che non
greenhouse gas emissions.

I Thetier 2 approach also describes inventories based on fuel sales energy balances, but applies
country specific conversion facttinat consider the locally specific nature of fuels (density,
NCV, etc.). Due to the use of country specific conversion factors the uncertainties are much
lower. For CHand NO emissions additional bottam indicators for tier 2 on distance/tra
elled anaémissions in the wayap phase are required with different levels of detail.

i Tier 3 represents the most detailed mettwod goes beyond fuel sale statistics. However, the
IPCC does not provide a tier 3 methodology. The IPCC instead encourages fuaver impr
ments in determining fuel sales data. There are different levels of detail to such calculations from
very rough (average vehicle kilometres travelled (VKT) multiplied by the number of vehicles and
the average emission factors in gkift) to very detail® emission models such as COPERT
Such data shall be complemented with calculations of energy consumption of vehicles based on
activity data. Tier 3 approaches also apply country specific conversion factors. This approach
provides the best estimates prilp&wr norCO, greenhouse gas emissions.

Box2: The IPCC tiers for national areenhouse gas inventories

The topdown approach is hardly applicable for tracking of specific mitigation actions. Only few
mitigation actions allowpoting changes based on energy statistics ememteremely aggrdga

ed. Only in cases when fuel consumption per vehicle or a clearly defined fleet can be tracked the
approach is helpful to monitor mitigation actions. This is e.g. the case for resigvalithin

5|EA MOMO http://www.iea.org/etp/etpmodel/transport/
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transport bus fleets. Operators usually collect fuel consumption data, sometimes even for each single
vehicle. This enables them to use the data also for reporting emission reductions. However, for any
exante assessments of the potential emissioictions, it is still necessary to consider thge envi

aged changes in fleet, mileage and fuel consumption in order to estimate emission reductions. It is
also important to consider such botigpndata, if the operations are beyond the assessmafht boun
aiesandtheydént know where emi ssions occur .

The bottomup approach provides a mechanism to quantify emissions in much more detail. It allows
monitoringcarbon emissions from different policies, progwsnand projects. The ASIF

framework $chipper etl2000Q establishes a connection between mitigation actions and G4G emi
sions. It was developed to provide an easily understandable framework farbotéthodad-

gies in the transport sector &rid also discussed in the TramspAMA Handbook (G1Z,2014).

The O0ASIF6 framework is an acronym for oOactivit
and ofuel (or GHG conversion factor)o.

GHG = A*S* | *F

Activity and structure (A and Sdescribe how much and how people and freight is airtadly

ling. They are measured in terms of vehicle kilometre (VKT), passenger kilometre (pkra) or ton ki
ometre (tkm) and disaggregated by mode type, includinptmised transport. Passenger kism

tre (or tonkilometrg are calculated using number biales, number of trips, distances travelled

and @cupancy (or loading) of vehicles.

Fuel intensity (1) of a mode is generally measured in energy units per unit of activity, for example
litresof fuel per vehicle kilometre (or pkm) or kWh per tkm. Reelsity depends on mararia-
blesincluding amongst others occupancy, drivéhgviourengine technology, weigigrodynamic
design and rolling resistancéyoés andongestion on the road.

GHG conversion factor by fuel (Fis the amount of GHGs relsed per unit of energy consumed

(in grams of carbon or pollutant pige of fuel consumed) and basically the same values as used in
top-down approaches. A separate analysis should be conducted for emissions from biofuel since they
imply a carbon uptakeéhile growing and are treated separately e.g. in UNFCCC reporting- For ele
tricity used in the transport sector, e.g. for rail or metro systems, the electricity mix in the grid is a
crucial information (taken from energy sector statistics)

Bottomup approahes are not per se more detailed thaddem. But they can range from rough
calculations of average or default data to very detailed modelling. An example for a rough modelling
would be to multiply the total number of cars in a country by average ofiteaig and a default

fuel consumption of cars. In contrast, advanced bafpomodels can e.g. guanthe impacts of
congestions and heavy stémgtgo traffic with plenty of acceleration and degtieleron emissions

in one specific street corridoowevermore detailechodellingequires more differentiated data
Consequently, when analysing impacts of policies and measures it depends largely on the type of
expected impacts which level of detail in bottiprmodelling is needed. Modelling the inspafct
motoristion may allow using a rough approach but analysing the impacts of reduced congestion
requires more advanced modelling and more detailed data. In stirardisgdvantages oftbo

tom-up approdueesare as follows

4 Rough bottorrup calculatiomclude high uncertainties;

1 Detailed bottorrup calculations require an extensive amount of data collection and handling.
Data needs to be collected from various data sources and careful quality assurance to avoid low
quality data sets;
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4 Models typically uséar bottomup calculation usually need to be adapted to the local context
and require a relatively high capacity of experts involved,;

1 Datasets can be inconsistent and be collected with different categories (e.g. different definitions
of vehicle categorjesnd different boundaries (e.g. only for city centre or administratiste boun
ary; see next section).

2.1.2Types of boundaries for MRV

Setting boundaries is a crucial task in developing an MRV appediadig accurate boundaries is
necessary for inventoriegldhe assessment of mitigation acfidrestermd b o u n tefersto e s 6

the scope of an analysis or assessment. A key parameter here is the geographic area which in most
casess defined byhe admirgtrative borders of a country (esp. for national insegjoHowever

there are further dimensions of boundaries. For a summary of the different elements that need to be
defined to set the boundary the followinggeaies are relevant:

4 Territorial boundariessuch as geographic scope for which emission femeftect$ are
assessed: A common issue for territorial boundaries is, whether fuels are burned in the same area
where they are sold. Such effects usually occur due to price differences, which could cause grey
imports (in vehicles when driver tanloabrseeBox 3) or even fuel smugglipgce diffe-
ences are an incentive for people to fuel their vehicles in places with cheap fuel3bee figure
low).

I Sectoral boundariesuch as transport modes and activities covered: A common éxample
sectoral boundary issues is that sales of diesel cannopletetypfimked to transport,dagise
it could be used for nenmad machinery (e.g. construction machines, agricultural vehieles or i
dustrial use). This leads to the question whethermissioas are included in the transpart se
tor or other sectors such as buildings or agriciliinen assessing mitigation actionspthe i
clusion or exclusion of (other) policies and measures in the assessed system is very relevant to. It
is important toeoid double counting.

1 Temporal boundariesdescribe the question for which yeffiectsare assessed. While imve
tories usually describe emissions in one specific year, temporal boundaries arenespecially i
portant for assessment of mitigation actionsy@cts may occur only on long term and are
potentially excluded through limiting the assessment to a shorter time period.

Another important dimension of boundary setting includes what effects are analysed. This includes
two dimensions:

4 GHGs included, i.e.whether it is only carbon dioxide (z&e main greenhouse gas, or other
GHGs such as methane (§Hitrous oxide (PO) and other fluorinated gases covered under
the Kyoto Protocolf@ases) . This so cal |,€CH, NOaawdlaet of Ky
F-gases) are usually converted inteeg@ivalents (C€q) through applying the IPCC global
figures of the different 6gl obal warming pote
ther elements that need to be considered especiallytfansipert sector, e.g. there is avgro
ing discussion about black carbon and otherlshaaticlimate pollutants as an important co
tributor to climate change). Another tapaspecially in NAMA assessnieist whether p-
stream (e.g. in fuel refinery @sges) or downstream emissions (e.g. in vehicle scrapping) need
to be considered (see sec8d@for details)

1 Sustainability effectscan be considered in assessment of mitigation actions. Benefits to be
considered in the @sment need to be defined.
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The figure below shows the development of the net import or export caused-lbyrdeyfisd-

ling for Switzerland. Since gasoline is cheaper thanadj#oentountries foreign vehicle owner
living near the border use Ssvfilling stations. There is a net export of gasoline caused by fo
eigners filling up their cars in Switzerland. For diesel this is only thetmagears 2005 to 2010.
Before and after that period diesel prices were higher in Switzerland thaofith@ostighbour
countries (e.g. Germany, Austria, and France) leading to a net import of diesel.

6.0

4.0 m Gasoline m Diesel

2.0

0.0

i

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

A~
o o

Fuel tourism in PJ/a
(positive = net import; negative = net export)

Figure3: Cross border import/export of gasoline and diesel for Switzerland 22008 in PJ/a

Box3: Consgquencef greyfuel imports to the GHG inventory of Switzerland

A rather simple example for boundary issues is the use of different conversion factorsnicarbon co
tent of fuel in kg Céenergy unit). It is important to understand the sectoral bourafaaiestig-

tion action, when comparing it with others or reporting changes in emissions doeeetiargle,
inventories for the transport sector that following IPCC guidelines do not include electricity usage
and emissions but account those to theggrsector. The rational is to avoid double counting but it
leads to the fact that transport GHG emissions in national communications are exclusive of electric
ty based transport emissions. If not considering this characteristic the electrificaspof{@an

rail) might show up as decreasingdmpn) emissions whiddrom a strict sector perspective

GHG emission may develop differently. If electricity production is carbon intensive emission even
could go up.

Due to the above described boundgmgstions, as well as other issues with data quality, the results

of the topdown and bottorup inventories usually do not match. Even different batfoamalysis

of one specific mitigation action may vary considerably because boundaries are ndtdhe same
bottomup calculations that use different sources of data, it means that the boundaries for each set of
data can be different. As a consequence, each data source nes@ddysedather carefully. This

is usually called a quality system. Suchlitygystem ensures that differences can be ¢learly a

tributed to sector boundary issues or explained througiesonimmic processes, the differences

can be handled systematically through correction factors.
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In order to develop MRV systems over tinteenable learning and improvements, the IPGC su

gested a tiered approach Bee2). Starting in a simpler way with default data generates data basics
that can be improved over time. In the transport sector, this matinsemalso iralve a change

of boundaries (e.g. fuel sold in one area, may be actually used somewhere else). Transparency about
such changes in methodologies is the key for gpodireg and verification.

2.1.3Emission factor databases

As described above, there are diffestata needs related to-th@vn and bottorup approaches.

While topdown can be rather reliable, arate perspective to emission reductions is more closely

to conventional transport planning and important for decrsag&mng: What will likely to besth

expected effects of an intervention? This perspective almost always takes the ASIF factors (see se
tion 2.1.1above) into account: Thelicy or measumedther have agffecton 6t r avel acti vit
terms of avoid and shifir on the vehicles and fuels used (improve and fuepg)stanalysis of

specific mitigation actions may consider fuel consumption data from a specific fleet (eog. from a |
gistics company) so top down calculationsatieast sometimefeasibleBut in most cases

boundaries are indistinct and also fguast accounting bottom up analysis of transporadata

needed. Consequently, data on travel distances, modes arddtabts heart of transport MRV.

This also means that bottam evaluatins allow more easily the evaluation of sustainablegdevelo
ment benefits (often calledltoenefits).

However, bottom up emission quantifications needs additional information about emission factors.
Emission factors can be described as the amount ofareemnfases (or other pollutants) per unit

of distance. Usually an emission factor describes the average specific emissislifoC

given fleet composition. Such emission factors can vary considerably and subsequently lead to bad
results. As theyegend on fleet composition, fuel type, fuel quality, and maintenance of the vehicles,
it is hardly possible to generate default values without endangering the validity of results: As a cons
quence, countries usually strive to have a standard set of datiks®tailored to the local aitu

tion. Many developed countries have developed their own emission inventohydiodht the

same tim@ is the official database for emission factors. In an ideal case, such emissioa-factor dat
bases also containission factors for air pollutant emissions.

Detailed emission factor databases that are differentiated by vehicle types and sizes, road and driving
conditions (e.g. road gradients, ambient conditions or share of stop and go traffic) allow for detailed
anaysis but also require similarly detailed activity data.B@nN other air pollutants the number

of coldstarts of vehicles is needed, because catalytic converters cannot filter air pollution emissions

in the warrrup phaseand emissions are considerhlgier until the engine is warm. Obviously the
accurate quantification of emissions depends on both the availability of detailed travel activity data
and the availability and accuracy of corresponding detailed emission factors.

The only available compegisive sources of such detailed emission factors are:

4 the European emission factor database Handbook of Emission Factors for Road Transport
(HBEFA, see www.hbefa.net); and

1 the USAmerican Motor Vehicle Emission Simulator (MOVES) which is the succéssor of
bile 6. (sebttp:// www.epa.gov/otag/models/moves/).

Other emission factor databases are either derived from those (e.g. COPERT on HBEFA or IVE on
MOVES) or considerably less detailed. HBEFA and MOVES are basedsualangeasurement
programmes delaped over many years and at high costs.ddaission factor databases/jg®
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detailed emission factors (by vehicle segment, age andfitioc, etc.) and allow aggagng those
for different areas and purposes Beed).

Overthe last 30 years harmonised emission models and emission factors databases hbve been esta
lished in Europe. As the table below shows most countries in Europe use the emission model
COPERT (COmputerProgramme to calculaimissions fronRoadTransport) fothe quantifia-

tion of GHG emissions and air pollutants of road transport. Some countries have developed own
models (e.gTREMOD - TransportEmissionModel in Germany). Independent of the emission

model used the underlying emission factor database afmissibn models is thkandook of
EmissionFactors for Road TranspoHBEFA).

HBEFA was the answay the European member states' needs for reliable emission factors for road
transport based on a harrismd methodology and regularly updated databagke Adegining

HBEFA was developed on behalf of the German, Swiss and Austrian environmental agencies. In the
meantime the development is financed additionally by Sweden, Norway and France as well as the
Joint Research Centre of the European Union. HBEBAd@veloped in such a way that it could be

used directly on project (e.g. for environmental impact assessments), city (e.g. for impact assessment
of measures) or national levels (e.g. monitoring and scenario analyses). Since the data requirements
for usirg HBEFA on national levels are comprehensive, most countries calculate their emission with
the COPERT model which includes a simplified approach based on HBEFA datatzdisel (so
average speed approach). Courdtiels afustria, Germany, Norway, Swedeiswitzerland are

using directly the HBEFA database without simplificationthe@roject and local level HBEFA is

used directly without simplifications. These European examples show that the emissioa-factor dat
bases are harmeal fromthelocal tothe national level for a comparison of the results.

Box4: Emission models used in Europe

As said, such databases only provide reliable data for the region and countries éhelppesie d

for. In order to apply these emission fadéiabases in other countries, it is recommended to adapt
them to local conditions. For an example see GIZ 2014. Otherwiseigpttatoulations will not

provide sufficient data quality and the analysis needs to deal with high uncertainties. When adaptin
emission factors it is most important to:

4 Understand the specific fleet composition in the given territory (boundary). This involves vehicle
size, vehicle age, engine size andfguige treatment (emission concept such asTeia).

1 Understanaperding conditionsof thefleet (ambient conditions, speed, road types etc.)

2.1.40verview of transport sector indicators

Based on the classification introduced above and using the ASIF framework, we can derive a set of
main indicators for the analysis of GHG siois and GH@ffecs of transport measures. Of

course, for the assessment of broader development impacts of actions, further indicators are required
(e.g. cost factors, noise emission facliab)e? lists key indicators that usualy applied and also

options for further differentiation. An extensive list of indicatgrarametersts definition and

unit can be found iAnnex1.
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Table2: Key indicators for transport MR

Category of General Indicators Options for further
data differentiation
Energy use Fuelssold/  AAmount of various fuels A by region
- consumed sold/used (In litre or MJ A by vehicle types/dasses
% Emission Carbon ANet Calorific Value of A Correction factors for
'g_ Factors for content fuel (kgCQMJ) for indirect emissions (base
2 fuels (F) each fuel type on lifecycle assessment)
AGrid emission factors fc A Fuel quality e.g. sulphur
electricity content
Activity (A) Fleet ANumber of vehicles by A by vehicle classes / engi
and composition vehicle type (car, truck, size
Modal Shift motorcycle etc.) A by vehicle age / techmsl
(S) gy
Distances A Vehicle kilometre by A by mode
travelled vehicle type (in VKT) A by vehicle classes / engi
APassenger kilometre size
(pkm) A by vehicle age / techrel
ATon kilometre (tkm) ay
Trips ANumber of trips A by mode
ATons transported A by trip purposes
ATrip length (e.g. work, leisure etc.)
S Load factor AOccupancy A by mode
g (in persons/vehicle) A by vehicle classes / engi
o ALoadof goods vehicles size
@ (in percat)
Intensity(l) Fuel ca- Afuel consumption A by vehicle classes (size
sumption (in litre or kwh/km) usually related to weight

by vehicle type

Aby vehicle age engine
technology (e.g. Euro
standards)

ASpeed and/orangestion
on the road (level ofrse
vice)

ABYy load (for trucks)

ABYy gradient (for trucks

AAerodynamic design anc
rolling resistance of tires

Further useful stati Population
tics

(e.g. used as norini

ising factors)

ANumber of inhabitants
A(Average) householdsi

A by urban vs. rural
A Working population
A by age

A with driver licence

Economic
development

AGDP (or GDP per cap
ta)
A(Household) income

A by (sub)sector

Network

ALength or roads, rails
etc.

A by road type
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In addition to benchmark emissions from differenttci@s or cities, other statistics, such ag-soci

economic parameters (GDP/Capita and population) could be used as normalizing factors for the
indicators. GHG emissions can be linked with transport activity inputs to emphasize the efficiency

and performanacef the measures and investments. Such indicators as GHG emissionsper passe
gerkmortonk m ar e often referred to as ©6mod a-l car bon
formance of transport plans according to indicators are descBlo&d.in

Goals defined in transport plans often dictate the type of indicators to collect.

For example, the Philippines development-20a22016 haghe following targets for urban
transport in Metro Manila:

1. Decreased travel time from 2.17 mintom..57 min/km in 2016
2. Increase in travel speed from 27.79Km/hour to 38.2 km/hour by 2016

3. Increased occupancy due to reduction of city busesonditioned from 40 to 65, naiir-
conditioned from 37 to 45. (increased occupancy results in lowensm&si@assenger/km)

4. Decrease in pedestrian vehicle conflict ( 302 in 2010 to 10 in 2016)

Travel speed, travel time, bus occupancy, number of buses and pedestrian fatalities are the main
indicators proposed for evaluation of the transport plan.

In contras Singapore considers following targets in Land Transport Mast@0R&n

1. 8inl0households living within a-frinute walk from a train station

2. 85%of public transport journeys (less than 20km) completed within 60 minutes
3. 75 %of all journeys in pedloursundertaken on public transport

Density of train stations and households, number of trips, public transport travel time and travel
speed, average trip length, mode share during peak hours are the main indicators used for evaluating
the performance afie Land Transport &&ter plan.

Efficient transport sector monitoring, should start with and incorporate already existing efforts, such
as provided by strategies and plans at national, regional or city level. Data like thesd; which are a
ready collectedac be used along with a few additional indicators to also determifectbe

carbon emissions.

Box5: Evaluating Performance of Transport Plans

Transport data as presented in the table above can be collected in regidaairegtdyprocedures

and on a project badtsxamples for the latter amarveys conducted by international organisations

at a specific occasion (e.g. the planning of a national railway system). The distinction is important, as
it implies different institional structures and related legislative requirements and impaocts the pr
cesses used and the comparability of data. Some characteristics that differentiate the different data
sets are summarizedliable3.
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Table3: Differencesetweeninstitutionalsed and project oriented data

Institutionali sed data Project oriented data

Responsibility Collected by public institutions Often collected by universities, rese:
institutes or consultancies on behalf
public institutions

Frequency Regularly (in most cases annually) Ideally regularly, but with varyingrint
vals, depending on availability of fun

etc.
Methods Standardal methodologies, datafo Ideally with standaedd methodingies
mats, etc. to allav time series development
Liability Based on legal requirements Based on demand and funding from

public institutions

Sources From all data sources covered by thi From voluntary participants
legal framework

The monitoring ofransport emissisitan becomplex, timeonsuming and costly, especially if the

data shall be consistent and of high quality. Policy makers in developing countries often find it diff
cult to justify building a costly inventory from measurements and models onlyemassess
savings;however, thegire more attracted iféde dataareused to improve decisiomaking. Thex-

fore, it is important to be aware that many of the above listed data that are required for emission
quantifications are also required for the monitoring pdlaitant emissions, costien, travel time

and vehicle activity, i.e. the overall effectiveness of transport systems. The more institutionalised data
collection is, the better this is for building inventories and evaluating measures. While selecting ind
cators, it is important to acknowledge the importance of toolstiamstitand funding support for

long term measurement and monitoring of transport investments. This aspect is discussed in detail in
subsequerdgectios.

2.2.Principles and approaches ofwad transport sector
monitoring sgtems

This section provides an overview of how to monitor the indicators and data as defined above. This
includes key principles for good practice monitoring, elements for the general setup of monitoring
systems and an eoview of methods in data collection.

2.2.1Key principles for monitoring of transport systems

Monitoring is a process where data and informetioollected and compressed into key trends

which describe the state of the system and the dir¢gkensn ordeto support decisions oa-r

quired actions. Indicators are the most important elements for monitoring and measuring progress
towards a defined goal. A simple indicator used for monitoring can accommodate a large volume of
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information. In an ideal monitoriagd accounting system, the quality of data should match the

principleSpresented iMable4.

Table4: Differences institutionaded and project oriented data

Principle Description Exampl e -lompetrrsawe |
Comprehensiveness !  Data ar&omplete and +* Complete time series without gaps
available for all relevant 1 Data for all relevant vehicle types
indicators
Relevance i Data matches ther 1 Distribution of advity over the year
qguirements from the may be relevant for transportrpla
monitoring system and ning purposes, but not for GHG
the indicators emission calculations
Consistency 4 Methodologies and 1 Sane emission factors as in nation
standards are applied ir inventories are used
the same manner inthe . Boundaries of different datats
MRV system match or are adjusted through-co
4 Data from various rection factors
sources is consistentar . Data from public service providers
comparable matches results from survey data
Transparency 1 Assumptions are expiici ! Meta data about vehicle actidiya
ly explainednd choices areavailable (who acquired data
are substantiated if no when how and how often)
confidentiality restrictior 1 Assumptions about assumedsemi
apply sion factors are substantiated (e.g
referenced to IPCC Gilglines)
Accuracy 4 Aggregation, precision ! E.g. if required locdhta aravailable
and uncertainty of data on disaggregated level (e.g. differe
matches the requiremer ated into consumption by vehicle
from the MRVsystem types and technology).
1 Uncerténties should be alwaysi-est
mated (if possible quantitatively)
Accessibility I Requirediata araccs- ! E.g. through shared data platform:

sible by all stakeholders
involved

publication of statistics, agreemen
on confidentiality

Cost effectiveness

J

Expendiure (economita
ly, human resources,
time) for acquisition of
data should match itd-re .
evance

Prioritization of relevant data can
reduce costs for data collection, e.
when costly surveying is required
Data can sometimes be gathered
together with data #his alreadyeh
ing collected, e.g. by adding aduliti
al questions to surveys

Frequency

Some data requiresieo
tinuous elicitation while
other can be acquired-o :
ly once

Regular data collection is prerequi
for trend estimations

Emission factors of fuetiend to vary
only little and does not have to be
measured continuously

6 For a detailed discussion on the monitoring principles see for exd@hpa€l4),Litman, T. (20095chipper, L., & Ng,

W-S. (2006 Embarq, & CAlAsia. (2006).
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Two issues are of major importance and need to be highlighted: relevance and consistency: With the
large number of individual sources, and given the variety of information tegui@iple of

cost effectiveness provides a limitation to some of the other principles, especially comprehensiv
ness, accuracy and frequency. Monitoring systems need to find the right balance, using relevance as a
guideline (see secti®i.4. Furthermore systems usually evolve from a less detailed system with

fewer indicators to a more comprehensive system (seeGeglidthe same time, different levels

of detail and comprehensiveness ciah adifferent levels. Individual cities or municipalities can
develop more elaborate systems to address specific transport challenges or to monitor individual
actions, while information at the national level remains at a lower level of detaily Espeachall

cases, it is important to consider the need for consistency, as national systemsdatalaecand
aggregated at higher levels. Here good coordination is required as discusseskfticth@ran

Furthermore,ransparency in data collection and of data itself is vital for quality assurande and qual

ty control procedures, which not only reflects
the need for good data. Quality assurance and quality contr@dg/an important element to

enhance confidence of decision makers and stakeholders. There are a number of different ways to

use the terms, depending on the context. For the MRV of transport NAMAs the followag distin

tions can be helpful:

4 Quality control focuses on the quality of the end product, in this case the quality of data. It is
usually a set of routine technical activities, performed by the personnel compiling the data.

4 Quality assuranceis a planned review process conducted by personnel ¢t iivelved in
the data collection and processing (Winiwarter, Mangino, Ajavon, & McCulloch, 2066). The a
tivities are normally carried out within the group of institutions responsible for data collection,
by staff members not directly involved, othpadments or related agencies.

1 Verification is normally carried out by independent external entities to enhance confidence that
data areelevant, complete, accurate, consistent and transparent (WREdzlldxamples
for verification arauditing proadures for companies listed at the stock market. Theseaeorpor
tions publish sustainability reports which are verified by external auditors.

Many bottoraup indicators in the transport sector are difficult to measure and therefore need to be
derived using aaviety of sampling, extrapolation and modelling techniques. To ensure robust data,
QA/QC procedures are extremely important. They need to go beyond technical checksmen data co
sistency and need to critically review sampling procedures, locations, sethetts This isuus

ally described in data management guidelines or systems but could be a challenge for institutions in
developing countries. Also tdpwn data from energy balances might be useful to check and ba

ance mistakes in botteup inventory moels.

2.2.20verview of methods in data collection

Once we have defined what we want to monitor and on what level, the ipestida collect the
required data with appropriate quality. The collection of high resmhalibmitom up datés esp-

cially chadingingor developing countries whemited resources are spent on collection of periodic
data and data management is often not fullyfiostélised. Quality and availability of data available
in the majority of low and middle income developingriesiis suspect (see IDB 2011; ADB 2009;
CAl-Asia 2012; UNECE 2012, World Bank 2010).

In general it isecommendedsinginstitutionalised data. Data available at different administrative
levels can be used to generate meaningful transport sector datdudésdata available from
vehicle registration offices, tax authorities and accident databases. Some of the sources directly deli
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er required data, such as registration numbers, others deliver samples or even indirect information
that can be used tatiesate required data, such as accident databases supporting the estimation of
occupancy levels. In an optimal case this involves systematic data reporting. To achieve a broader
basis and eliminate errors that can occur in extrapolating sample datstematcsapproaches

require specific target groups to report data on a regular basis. This is usually used by statistics offices
and needs to be underpinned by corresponding legislation. The method can work for companies,

such as freight carriers and pubdirvice providers, as far as they are working legally.

A lot of travel activity data can be observed, measured, or collected i Giveaythe fact that

data for transport monitoring cover a wide range of activities in personal, public and freight
transport that is carried out by large parts of the population, it is in most cases impossible to actually
measure individual indicators. A direct measurement of trip lengths and overall km travelled for each
individual vehicle would require all vehiclég tequipped with corresponding meters, together with

an infrastructure and legal basis to collect the data. While this may be technically possible, it is not
likely a coseffective solution, especially for developing countries. Surveys collect dasarinpia

of the target group/population and statistical methods are used to estimate the data for the whole

group.

Household travel and/or origdestination surveys, occupancy surveys and commodity flow surveys
are essential in determining transport derfta passengers and freight. These sufu@ysvhich
vehicleand passenger kilometitavelledby modes are estimatede interviews to identify travel

paterns and trip lengthisiterviews can be conducted in different ways, personally, by plipne, ma
online or in a combination. In this contieaveldemandmodels used by transport agencies for

planning and policy assessment are a great source of data for emission quantification. E.g. for prior
to its introduation the traffic effects of the Stockinacongestion charging system was model in

about 100 different scenarios. This also allowed to easily estimate the emissioeffedsiction

using the oftial emission factors database of Sweden (Handbook for Emission FaBlox$®)see

Observation supplies real, measured data for a sample, which can then be used to extrapolate data
for the targeted area. In general, observation is often used to determine traffic characteristics, such as
speed and vehicle occupancy.mibst important example is data from traffic counts, whici-now

dayds often collected through sensors in roads and usually is used to analyse VKT in a given street
corridor or areaBut also manual observations surveys deliver useful data: Obsecteiseaddita

at a prescribed location/area and moment(s) in time. Some advanced cities and countries even co
duct traffic counts through video recording and automated licence place recognition. In this way, and
linking such data to vehicle registratioaliees, it is possible to determine the exact fleet compos

tion or analyse occupancy rates.

Mileage surveys usually use a combined methodology of traffic counts and household interviews in
order to achieve more accurate results through triangulationeln@mtries such as China GPS
devices are used to monitor mileage of vehicles.

The method for determining emission factors is usually dynardwssetédrive cycle tests to-si

ulate typical driving conditiofiisalsocaninvolve fuel consumption surveysl measurements with
Portable Emission Measurement Systems (PEMS). For more details on such methodologies, see an
introduction in GIZ 2014 and technical descriptions of HBEFA and MOVES (see above).

7 Economic Commission for Europe of the United Nations (UNECE), "Glossary of Terms on Statistical Data Editing",
Conference of European Statisticians Methodologicalalm&eneva, 2000.

8 This includes, for example, the roadside windshield observation method and the carousel observational methods (Gan et.
al.,2008)
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A good example for data collection and monitoringtainal level in Asia is the Japan Statistical
YearbookThe Japan Statistical Year§qukblished by the Statistics Bureau, Ministry of Internal
Affairs and Communications, Japan is a gold standard in annual comprehensive data collation in
Asia.The tranport sectioncontains statistics on the traffic volume by type of transport and facilities
related to transportation. The table below suisendiata collection method by mode of transport.

Table5: Summary of Japanese transporttdaollection (Source: MLIT)

Mode Vehicles Activity

Fuel Use Data Collection
Method

Cars Number of Km/car by fuel and Fuel Random sapiing;
cars by fuel | type; passenger km by| use/km by | Survey method
type: private | car type fuel and enumerator survey
conventional car type (partially by mail)
cars, taxis,
mini cars

Buses Transit Buses| Vehicle kilometres and| Fuel use
intercity buseg passengekilometres by type

Rail Intercity Rail; | Freight by type; cargo | Fuel cam- | Survey of passenge
urban and transport volume by sumption | traffic receipt; suey
commuter rail| operatonal mode and b of freight volume

vehicle type (trafmsort
tonnage/tonskm), pa-
senger transport volum
by operational mode ar
by vehicle type (numbe
of passe-
gers/passengekm),
transport frequency, an
distance

Domestic | Number of Weight; capacity; mi Fuel com- | Complete enumar

Air units handled | ber of passengers;mu | sumption | tion using survey
for transport | ber of passengers tean method by mail or
and operating| ported; weight of a on-line application
hours of at sengers transported; (selfentry)
craft. number of flight ge

vices; cargo weight
utilization of capacity;
transport torkilometres

Domestic | Number and | Passengeink Fuel Use/ | Survey on Ports an(

Maritime | gross tonnage, Number of passengers| passenger| Harbour Land h-

d coastal, | of incoming | marine incoming and | km coming and O

ferries, vessels outgoing freight; land going Freight Surve

rivers incoming and outgoing by using enumerato
freight survey (sentry)

Box6: Example for data collection: Japan Statistical Yearbook

9 http://www.stat.go.jp/english/data/nenkan/index.htm
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2.3.Institutional setting for monitoring

This section provides an overview of who should monitor the indicators and data as skefined in
tion 2.1 This includes thdiscussion of responsible institutions as well as the institutiomal set

As highlighted in the previosiction data needs are complex and vary depending on measures and
boundaries. The ability and cost to provide required data accurately anertiginsiiadepend,

amongst other factors, on the availability of expertise and resources in instiltiedsn the

process. Institutions play a central role in collecting, processing and reporting relevant data, and in
designing and evaluating tramspystems and measures. We need to clearly distinguish these two
different roles:

4 Provision of information: data gathering, data aggregation, data processing, data analysis
4 User of information: planning and evaluating transport systems and measures

Goodcommunication between institutions in these different roles is essential to ensure efficient

MRYV systems. The roles also exist within individual institutions, between different departments or
subagencies. Communication needs to ensure that only rdd¢@amieollected andreavailable

at a level of detail required for the purpose. This can be especially challenging for measures at a local
level, where available data at a national or regional level will not deliver sufficient information.
Transparencgbout boundaries, collection methods and uncertainties is necessary within such co
munication processes.

2.3.1lnstitutions and institutional setup

Relevant information is often widely dispersed and collected by a large number of public and private
institutionsBringing together all relevant data for evaluating individual transport measures in a co
sistent way is a challenge.

Frequent starting points for MRV of transport measures are existing institutions that collect and
process data in the transport sectombst cases, existihgta ar@ot collected to assess GHG

effecs of measures, but for other purposes. However, some of this data will be usefs} for the a
sessment of GH®ffecs of transport actions and the institutions involved in collectingoand pr
cesing the data often have the necessary expertise and experience to enhance data collection.

Table6 provides an overview of institutions normally involved in effective transport data collection,
processing and reporting. It describesesof their respective roles and responsibilities, as well as

the type of data and indicators typically provided or processed by the institutions and eelated stak
holders involved. Of course, many institutions have multiple roles and responsilghtrebeind

involved in data generation, aggregation and use. The table provides some of the typical examples of
roles institutions can take in the overall setup.

The same data can also be collected, processed and used by different institutions, aftgn generati
inefficiencies and inconsistency between datasets. Creating an overview of involved institutions in a
country can help identify such situations and provide a basis for developing a more efficient system.
The case studiesBox 7 andBox 8 illustrate the institutional setup of involved institutio @ -

many and Thailand.
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Table6: Differences institutionaed and project oriented data

Institution

Level

Data consumption

Responsibilities

Type of data

Legislative body National / Provision of the legal basis for data collection and rep@sting r
provincial guirements for operating entities; transpaldted legislation

Ministry of National / Spatial planng; investment in national infrastructure; regulatio

Transport / provincial public and private transport; initiating transpelgted legislation

Infrastructure and data requirements

Local adnmi- Municipal / | Spatial planning; investment in local infrastructure; regulation

istrations city local public transport

Data aggregation and analysis

Institutionale data

Statistics © National / Gathering and aggieeg | Aggregated statistical data at nationi
fice(s) provincial tion of data at national 0 provincial but also loceity level
provincial level
Various Mirs- | National / Gathering and aggeeg | Various data collected for nron
tries provincial tion of data at national @ transport planning purposes, e.g. rel
provincial level to taxes, working conditions o
merce, energy use, etc.
Trarnsport Au- National / Regulation, planning an{ Mode specific data: vehicleisegtion;
thorities provincial / | research on specific freight data; passengers transported
local (mode | transport related areas, | transport infrastructure
specific) usually speciaéd, e.g.

road transport, rail irdr
structure, vehicle regestr
tion, etc.

Project oriented data

Environmental
Protection
Agency

Nation-
al/provincial

Research on environme
tal aspects of transport,
e.g. air pollution, noise
emissions

Safety, air pollutionther nonGHG
environmental impacts

Universities /

International

Development of mat

Household mobility patterns, pnefe

Research Inist | / national / | odologies and tools, dat ences

tutes / Consl+ | provincial / | collection through su

tancies local veys

Industly assae | National Data collection andga | Technical data on vehicle performan

ations

gregation from members

expected trends, industry specific da

Original data sources

Railway oper | National /
tor(s) provincial /
local
Public transport Provincial /
operator(s) local
Freight opea- | National /
tors provincial /
local
Vehicle man- National
facturers
Energy coma- | National /
nies provincial /
local

Delivery of data based ¢
legal rquirements or
voluntary

Infrastructure, passengers carried,
freight carried, cost/prices

Infrastructure, passengers carried,
cost/prices

Freight carried, st/prices

Vehicle sales, technical specification

Fuel sales

Households

Voluntary delivery of dai

Mobility patterns, cost/prices
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Transport data management in Gerntsehiyers a wide range of relevant sector indicbiguse

4 illustrates the different data products @rednvolved institutionsBoth, he Federal and State
Statistical Offices, supported by several spetiahrsport sector institutions, as well as thke Fe

eral Hidiway Research Institute, collgettistical data. Modata arevailable on an annual basis,
some at shorter intervals. The legal basis for data collection are the Federal andtiegate Stati
Acts andspecific transport related laws for statistics (VerkStatG), freight (GUKG), road transport
(StVG) among others (Federal Statistics Office &wynData aremostly collected at the ind

vidual state level by the respective transport institutions, arghemghle/ the Federal $tats

Office.

Specialized

transport data Transpon in Clearing House
- Figures of Transport
P (Annual Data
publication) DIw (Database) DLR
Aggregated Destatis | Statistical Energy En:{‘;iei
data database offices Balances o
Studies on
BBR/ demand
BESR BAG KBA BAFA
German
Federal Highway Mobility in Mobilit
‘Fahrleistungs- GEEEISILENMNCE Germany Infas, obility University
erhebung’ Consultant, DLR DLR Panel Karlsruhe
5 . Motor
Traffic census At Bl Mobility in Traffic in
- (automated + Research Institute Cities Research
manual) Siemens, Germany Group
Consultant
Industr

N
| | I | associations

J

Freight Public Railway Airline- i ( Freight ]

Data sources carriers transport me‘anto;v airport Households e

>3.5¢ providers " " L operators J - -

STATISTICAL DATA SPECIALIZED DATA

Figure4: Transport data management in Germany

To supplement the statistical data, a humber of studies are regularly commissioned. At the federal
level, the Ministry of Transport commissidhree major surveys: the German Mobility Panel

(MOP), Mobility in Germany (MiD) and the Motor Traffic in Germany (KiD). The latter aims to
supplement the statistical data on freight, which only covers larger carriers above 3.5t, with additional
informatbn on smalkcale freight transport. It was conducted in 2002 and 2010 (Wermut, 2012).

The first two surveys both target houseaehol d mol
sical crossectional survey, which collects data from a broatibsetédouseholds at a given date

(Foll mer et al ., 2008) . The 6Ger man Mobility P
selection of households, but for a period (one week up to 8 weeks), surveying the same households
over three years (Stret al., 2013urther studiemay becommissioned on demand.

All results from these surveys are publicly available through the Clearing House of Transport Data
which is hosted by the fBgan Aerospace Center (DLRdditionallydata from the Germame-

gy kalancess collated annually by the German Institute for Economic Research in thgopublic
6Transport i n Hhegxampeeshdwsh@ awomplgxGrandport informaten sy

tem can be structured. An important element in the setugamthegreement on definitions and
methods, to ensure compatibility of different datdsetsis waythe available information can be
tailored to serve different objectives, both for transport planning and GHG emissiting.repor

Box7: Transport data management in Germany
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In Thailand a variety afata arecollected systematically, e.g. vehicle registration, fuel gonsum

tion, highway traffic. The following organisations are involved in respective transport data gathe

ing:

4 Ministry of Transport: national transport and traffic statistics (for highways), road infrastructure,
vehicle registration, freight movements. Various departments publish these data annually.

Transport modelling (national and for Bangkok) is often outsoarcedsultancies, with the
Ministry publishing and using the results, also for GHG projections.

4 Ministry of Energy: Fuel sales and fuel economy of vehicles (the latter is also collected by the
Thai Automotive Institute but not necessarily shared)

4 National $tistics Office: the general census is carried out every 10 years, and intermediate
household surveys with-800,000 random surveys are carried out every 5 years however there
are no transpogpecific questions in there; every 5 years a bus survepdsdngvement
survey is done

1 Bangkok Metropolitan Authority: traffic statistics

In addition various other local transport agencies gather public transport ridership data, &lowever

lot of other important data, e.g. modal shares, occupancy rates dttwadriaual mileage, vehicle
speeds, emission factets, is, if at all, collected on a project basis in &ystematic manner and

often without clear quality control. Such studies, carried out e.g. by consultancies, universities and
international o@nisations (Asian Transportation Research Society), are however very important to
complement the official statistics. With the need to monitor and report GHG emissions, there are
discussions starting on how different organisations can work togethantdits to institutio-

dise data management.

Box8: Data management and reporting in Thailand

The examples above provide evidence on the responsibilities of individual institutions, but they do
not yet provide any insights regaydire interaction of these different stakeholders. The individual
interaction between data collectors, sources and aggregation and analysis depend strongly on the
national circumstances, information needs and resources available, which are disdadised in the
ing section

2.3.20rganizing and institutionalizing cooperation

Experiences from GHG inventory (seetiorb) and National Communication development have
proven the importance of cooperation between a multitude of invsiitedions and stakolders.
While developing robust GHG inventories is already a challenging task, the MRV of mitigation
measures in the transport sector requires more data at a much higher resolution, wittytbe majo
transport data users expecfingcomparability of data (Badrow, Follmer, Kunert, & Liel3ke, 2002).

Due to the large number of stakeholders involved in transport system design, managenkent and eva
uation poses a challenge for cooperation. Information needs vary depending on tliatsfses of
sectior?.]). Local mitigation actions require different levels of data compared to national or state
level endeavours. Limited availability of resources, both financial and technical, requires close coo
dination anadtooperation to maxiseefficiency of the system.
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A sound monitoring system requires the cooperation of a wide range of actors and coordination
between processes. According to Moncel, Damassa, Tawney, & Stasio (2011) key elerrents of mon
toring systemihat requie coordination and cooperation include:

1+ Data collection (see alssectiorn2.2.2:

I Indicator definitions should be harrisan to ensure that collectddta areomparable and
can be aggregated;

I Methodologies for cottdon, for example for travel surveys, should be steamddodan-
sure data quality, comparability and representativeness;

I Data formats need to be compatible;

i Timing for annual data collection aligned; and

I Quality control mechanisms can benefit froomb@ization and exchange (Bex9).
1 Reporting:

I Tools and software coordination can enhance efficiency of the system, decreask cost and a
low for better sharing of information;

I Aggregation methods should be well described;

T Quality assance coordination can increase efficiency and ensure comparability of data at
different levels;

I Internal and external reporting requirements at different levels should be align@ist min
resource needs and enhance overall quality.

4 Planning and design systems need to ensure that the right kind of information at the required
level of detail is delivered at the appropriate time for planning, design and evaluatian of mitig
tion actions at the different levels of administration. This means takingoumo lagéslative
cycles, budgetary timelines and planning cycles at national and local level when planning the fr
quency and timing of MRV activities.

4 Funding and capacity Where the implementation of transport mitigation measures and MRV
efforts are sugpted from international sources, additional coordination may be reguired. F
nancial flows, capacity building activities and MRV requirements derived from this sdapport be
efit from coordination. Reporting requirements of funders are often similar effidigns to
coordinate data collection, processing and reporting related to such requirements.

The need for cooperation between different players and between different levels (national to local)
will increase with more complex MRV approaches. Integpgiedches can create synergies, e
hance efficiency and provide the basis for enhanced action.

Someecommendatiorfer better cooperatioftlsayed, 2013; UNFCCC, 2013):

4 Assigning a central coordinating institution for transport sector monitoring

i+ Defininga technical coordinator or coordination team

4 Harmonsel indicator definitions, data collection and processing procedures, etc.
4 Technical and institutional capacity building

4 Clear processes for sharing data across institutions and governance levels

i AgreedQC/QA standards
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Cooperation is particularly relevant if data sets from different geographic levels or regions need to be
harmonseal. The case studyBox9 describes how data from such different aggregation levels could
be geared to eaother.

The system of transp data provision in Germang outlined ilBox 7, answerso different data

needs for planning and mmanyoramd @Molpiokiesy 1Mo
good examplef the cooperation process to enhance data dbitityatWhile the one data set looks

at national level and state level data, the other looks at citeegceusd The macHevel data from

the national survey do not provide sufficient detail for ptamimdividual cities, while the city

specific data does not provide more mkswve infemation, for example regarding developments in

adjoining regions. It therefore seemed useful to ensure colitypafdhe two data sets (Badrow et

al., 2002).

The process to enhance comparability of the two surveys started with a workshop in March 2002.
The transport ministry then formed a working group, comprised of all involved public and research
institutions. Additionallyt commissioned a research projectltwted at the compatibility of the

two surveys (Badrow et al., 2002). Key elements were partly or fullysehmatuiding the survey
methods and the spread of survey dates over the week and over the year. Additionally-the two su
veyswereconducted iparallel since 2008 to enhance comparability.

Box9: Example of enhanced cooperation for national and city level data in Germany

Sincealso developing countries made available a considerable astatait wbuld be good to
estdlish or empower a data cleatingseg(see?.3.2, i.e. structure that collects, stores, checks and
disseminates information and data. Such a cleawiseg function most likely is integrated in other
institutions and usuallyguided by statistical bureaus. In GermariyLiRas fulfilling this role and
the German Institute for Economic Research (DIW) plibéi this daf@ook and data sheeitsa
comprehensive summary caflefi r a n s p o r tVerkehr inrfZahfefihe chtas compileds
presented in aoherent manner.

When developing NAMA MRVissingofficialinformation ouldbefirst cdlected on a project
basisand then béstitutionalised over timehereforeit is important to develop pratures and
coordination metings and events. This could result in an iterative process to collect, check and i
prove data through developing standards overAioiearing house could help to foster institutio
alising dataCountries mathereforedevelop roadmaps twow to achiew instititionalisation and
establish a clearing haudewever, for NAMA MRV there will always be a need for some project
type data collectioButthe availability of institutidmsed data could reduce this to a minimum and
also cut MRV costs signifidgnt
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3.Concepts for MRV of mitigation actions

The concepts and parameters discussedtior? are the basis to monitor transport sector anitig

tion activities in general. Thectiorprovides further information on how data @arameters are

used to adequately measure the outcosféeotof NAMAS!O, Effects of mitigation actions are
usually measured by comparing owith mitfigation
tion actioné -adusud,sbit BAUesceoario).@hedollowiegiims describe

concepts and terms that are needed to medfaae of a mitigation action (déigures for an

overview). To give practical insights, those concepts are thratetdlustectiord with practical

examples from the transport sector.

Scope of
mitigation
action

Reporting:
Level of
aggregation

Boundaries

Ex-post vs.

Mapping the

ex-ante causal chain

for analysis

Figure5: Cross border import/export of gasoline and diesel for Switzerland 22008 in PJ/a

In thecontext of the TRANSfer projeatnumber oMRV B | u e pfor iranspast 8l AMAdave

been developett is envisaged to use this approach to collect a number of detailed oggdisodol
for transport NAMA MRV. This allovagscribinghe approaches in releviavel of detail and will
significantly contribute to international learning. For further information we refer to thecMRV se
tion of the TRANSfer project website:

http://transport namas.org/measuriageportingand verification mr+expertgroup/

Annex 2 of this report includes an exemplary outline for an MRV methodology report to a transport
NAMA. The annotated outline refers to the sections in which specdepts are described.

Further detailed step by step guidance for calculation oe@etB from mitigation actions is also
given by a variety of guidelines and methodologies such as by GEF (2015) or in approved CDM
methodologies (UNFCCC, 2015a). Furtkee also the GHG emission methodologies and tools
compiled by the Partnership for Sustdénlatw Carbon Mobility (SLoCaT):

http://lwww.slocat.net/news/1452

10We use the term NAMA to encompass a wide rdmgigigation actions, including (CBIMe) individual investment
projects, broader policies and even sector strategies or targets.
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http://transport-namas.org/measuring-reporting-and-verification-mrv-expert-group/

3.1.Expost vs. exante

From a conceptual perspective the term MRV of a NAMA referreghdstaxonioring and po-
gress reporting. But in NAMA selection and in NAMA proposals, especially when international
funding should be attracted, it is also important to estimate the peffexctiall an intervention
before its implementatidrigure6 illustrates the different occasions during NAMA development
and implementation, when quantification of impacts becomes relevant. ldeathyassessments
would use the same methodology gmskevaluations; in reality, howevegne estintens are
often based on much rougher, simplified approaches thastemonitoring and necessarily build
much more on assumptions of likely future developments insteadvofickdhta. In other words,
the amount of measured data and the level dfafetaiission quantifications increases frem ex
ante to continuous g0st assessment.

ex-ante ex-post

[ NAMA selection J [ NAMA proposal } ( NAMA implementation ]

Assumptions / default values
Collected data

Monitoring

report \

Transport Ex-ante

sector impact as-
scenario sessment
study part of NAMA

Develop
MRV approach

- MRV plan

Figure6: Occasions of emission quantification during NAMA development and implementation

In ex-ante assessments the expected future efféetasport mitigation actions aseaminedusi-

ally under a variety of scenarios. It can provide a basis for policy makers, penject@rgbr

potential donors to make decisions or comparisons with other projects (e.gitthkeffetss

from vaious NAMAS). The concept of anaxe assessment for GHG emissionatemiuis to

anticipate theffecs of mitigation actions and to compare them to a future BAU scenario. However,
it lies in the nature of the-arte analysis that both the mitigatmenario and the BAktenario are
projections. In epost analysis the mitigation scenario is actually measubseygaamwhereas the
BAU-scenario is based on certain counterfactual projections. In general, exsargatassey

also include estimat®to other sustainable development benefits.
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Requirements for an exante assessment:

1 Reliable transport data on the present system and its history to delineate robust tpend assum
tions for BAU and mitigation action scenarios

1 Comprehensive historilata about macro sogconomic trends that could impact the mitig
tion action and the BABcenario (e.g. GDP and population growth)

1 Anticipation and consideration mlitical/economic decisions and measures that might inte
fere with theeffectof the miigation action in the considered time frame

Methodological issues to consider:

1 Choose realistic and conservative assumptions about future davielufpkey parameters,
since exante approaches tend to overestimatefteetsfrom mitigation projects. Fthorough
data collection approachesssdion?

1 Use data and experiences from similar previgusservaluations to inform conception and
assumptions of future-axte assessments

1 Use the same boundaries and methodofogiesante and epost evaluations

1 For a comparison between-post and eante approaches and further examples in the
transport sector also refer to the GIZ transport NAMA handbook (G1Z, 2014)

Box10: Requirements for and issues tonsider in exante assessments

3.2.Scope of mitigation actions

In the context of this document we use the term NAMA to encompass a wide range of mitigation
actionsFigure7 gives a schematic overview of the types of mitigatiorsaatidioverlaps with

concepts like the Clean Development Mechanism (CDM) or sectoral Low Emission Development
Strategies (LEDS).

large impact

Infrastructure or
Technology Policies
Investment
Programmes (esp. regulation |

taxes/charges o
or subsidy A
£y
“ - -
,

(Infrastructure/Technology)
Projects

Scale

small impact

—— - ———

v

short-term long-term

Figure7: Types of NAMAs in comparison to CDM Projectd &
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NAMAs in the transport sector camge from a local road traffic regulation project, an urlman pla

ning strategy to foster public transport in a city to a national fuel efficiency standard policy. In order
to monitor these actions, a measurement methodology needs to be developedrittahtakest

the scope and key characteristics of mitigation action under consideration. Examples ofcsome chara
teristics for classifying mitigation actions are listebla7 below.

Table7: Characteristics omitigation actions (not exhaustive)

Type Examples

Type of mitigation Sector strategy, national policy, natiomal pr
action gramme, project or a mix of them;

Approach Pricing (e.g. tax or subsidy), investment (ia-in

structure, vehicles), regulatiog.(aules, limits,
standards), voluntary commitment

Targeted means of freight or passenger transport on road, water

transport rail
Duration short, mid or long term oriented
Geographic scale e.g. a single road, a city/region or entire cour

Mitigaion actions in passenger and freight transport either reduce emissions per kilometre travelled
(improve/fuel) or lead to less vehicle kilometre travediguecially for the polluting modes. They

can also be categml into four types of NAMAS: (1) serdl strategies, (2) national levétigs,

(3) investment programmes anddidscale projects (s€able8). Please note that the ecairies

may overlap and that other categorizations may also be used. In most cases, idreaatiditat

are mentioned this refers to NAMAs. A NAMA could also include a combination of stratiegies, pol
cies, programmes and policies of different types and categories.

Table8: Categories of mitigation actions

Categories Description Examples
National i Strategies impacting e.g. t/  Regional strategy to systematicall
transport cli- technology standard of a shift road freight transport to railwi
mate strategy SpeCiﬁed transport (S")b 1 Long term p|anning of urban
(sectoral) sector transport infrastructure through
1 Targets for specific Transit Oriented Development
transport suisectors e.g. 1 National GHGemission reduction
freight transport targets for road freight vehicles
(National lev- ' Governmental regulations *  Regulation of car fleet efficiency
el) transport and planning 1 Biofuel quota
policies ! Taxes, financial incentive 1 Taxation of fossil fuel imports or ¢
schemes, standards inefficient vehicles
! Usually on natio 1 Green tire certification for trucks

al/aggregated scale
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Table8 (cantinued) Categories of mitigation actions

Categories Description Examples

National Infra- ¢ Promote anncrease in 1 Programme to incentivise purchas

structure or projects with cdunding of clean busses

technology *Incentives ambined with  *  Modernization of national freight

Investment standards (e.g. certain®m  vehicle fleet by providing scrappir

programmes sion limits or auts re- bonus for the substitution of old-v
quired) hicles

1 Usually on natie
al/aggregated scale

Infrastructure ¢ Onlocal to regional scale ' Investments in specific urban dev
or technology :  Often technology or irdr opment improvements (plid
projects structure investment o transport, transit, pedestrian aafr
bined with some (regional ~ structure)
or local) policies 4 Installation of a BRT in a city
1 Project may be partly f 1 Investments for switching freight
nanced by the private sec from road to short sea shipping (€
! Similar to CDM projects terminals etc.)

Many NAMAs may be assigned to one or several of the above action types. Té¢ssstiidenim

for example fronTable9 that provides a selection of the NAMAs being developed in the transport
sector by developing countriésr further, more comprehensive information see the TRANSfer
ProjectNAMA Monitor at:http://www.transportnamadatabase.org/tdatabase/

Table9: Examples of mitigation action categories in NAMAs

NAMA title Country Category  Scope of Desaiption
name of action action

E-mobility readi-

ness plan Chile Strategy National Nati'orrwide introductiqn of E
vehicles through creation of ipol
cy/regulation, appropriate iafr
structure and incentives

zr:g?g;;r;?iii?r:cy i Chile Straegy National _National wide programefor EE

Programme improvements through better

the transport sector

in Chile training, fleet management and

design of trucks

Santiago Transpo-

tation Green Zone Chile Project Sub City wide programefor use of

national zero or low carbon mobilitype
tions through creation of iafr
structure, introduction of tee
nology and incentives schemes

Electric vehicles

NAMA Colombia Strategy National Promotion of evehicles in all

Policy categories through pol
cy/regulations/incentives
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Table 9 (continued): Exates of mitigation action categories in NAMAs

NAMA title

Country Category
name of action

Scope of Description

action

National plan for
freight transport:
NAMA pilot study

Colombia Strategy
Policy

National Improvements of freight
transport, no details

Transit-oriented
development

Colombia Strategy
Policy

Sub

national

Using TOD approach to motby

planningin cities

Sustainable Urban
Transport Initiative

Indonesia Programme

National

National and city level supportir

framework for low carbon moibil
ty plars and actions

Elfll\%zt transport Mexico  Programme National Improvement in EE of cargo
vehicles through replacement,
establishing standards etc.

i'l;]r?or:asrﬂort NAMA Peru Strategy National Increase the use of public

Programme transport and Nn-Motorisal
Project Transport (NMT) in urban areas
S [FREEE B Mexico  Programme National Development and implementati

the Federal Mass
Transit Program

of sustainable mobility plans

Public transport
development in
Lebanon

Lebanon Programme City

Increase puld transport, scrap
old vehicles and intercity rasy

tem in Beirut

The MRV approach is likely to differ for each mitigation action and cannot be related to the above
mentioned categories otlyo we v e r
methodology developed under the CDM may be used. But for policies, programmes and sector

strategiemore elaborated approaches for MRV are required. As a consequence, for every NAMA,
therelationof cause (mitigation action) affibct(emission redtion, other benefits) must be-d

termined carefully.

for

3.3.Mapping the causal chain

A transport mitigation action can cause a variety of direct (primary) and indirect (seiteciliary)
in the shor mid or longterm and occur inside or outside of the implémem g

S ome

0i

nvesmaennt

ries. Furthermore its effects may overlap with impacts from other mitigationEftdictssan
occuron various levels (local, regional, nationaipfinencemultiple scopes at the same time (e.qg.
traffic density and air pollutjorin order to set up a comprehensive MRV methodologmit is i
portant to consider potential direct and indirect effects of mitigation actions and identify the relevant
indicators for measuring the effect.

35

sysdemds

projec

bou



Direct effects from mitigation actions

Any enviaged mitigation action in the transport sector (cause) aims at a particular effects (impacts)
such as reducing GHG emissions, influencing driving behaviour or road capacity improvement. This
targeted impact from a transpuooticy or measuie defined heras primary effect. Objective of the

policy or measuiis a starting point for identifying primary effects. For mitigation actions, GHG is
always one of the primary effects. As NAMAs are implemented in context of sustaingtle develo
ment, a NAMA could aldmave one or morgustainable developmeiffects. For example, a natig

tion action to replace old car fleet in urbarsareald also enabtérectreduction ifocalair polu-

tion.

Indirect effects from mitigation actions

Aside from their direct effecizroject mitigation actions often have further (sometimes unintended)
impacts, so called indirect or seconeffiegcs. They may occasionally cause negéfidatsof sig-

nificance that may even eeempensate the desired direct effect and need cdimidéndirect

effects may be positive or negative. An example of an indirect effect is that a new BRT system might
lead to a loss of car lanes which may reduce private car use or reduce average speed / level of service
of these lanes.

A special type of direct effect is the rebound effect (WRI and GHG Protocol, 2014). Rebound
effects may be seen in an increase of private vehicle travel due to reductions in costs and widespread
availability of energy efficiency technologies. As another example, thentatfwieroéa new high

capacity and fast urban rail system may lead to more people relocating to the suburbstand commu
ing longer distances in the comfort of the new urban rail. Such rebounds in demand may reduce the
mitigationeffectof the action.

Leakagenay be seen as another particular type of rebound effect. It occurs when mitigation actions
have areffectoutside the system boundary in such a way that it undermines the intended positive
effect of the mitigation action. For example, after evalualiciggfor subsigdhg the purchase of

new efficient trucks, vehicle owners sometimes prefer to sell their vehicles outside the assessment
boundary (instead of scrapping). This can reduce local emissions but the pollutant vehicles would
still be used anday increase emissions elsewhere.

Box11 Direct and indirect effects from mitigation actions

For a better understanding of the relevant consequences of a mitigation action, the causeept of
akchains assessment is a helpful ar@lidol (WRI 2014). The assessment begins by identifying
and mapping all relevant causesffeds related to a specific mitigation action (Step 1 and Step 2).
This helps to draw the system boundaries and to define which sources and effects shalild be in
ed and which not (Step 3). From this, relevant parameters for MRV (Step 4) are identified:

1 Step 1ldentify theeffects that are relevant to be observatiérmontextof the mitigation &
tion

i Direct GHGeffecs
T Indirect GHGeffeck
I Direct sustainablievelopmengffecs (e.g.better transport infrastructure, safety)

i Indirect sustainable development (e.g. local air pollution/health)
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I Step 2 Map causal chain from the mitigation action tefteet
I Determine direatffect of the mitigation action

I Foreacheffectidentified, consider then the potential downstream inelifects in the
causal chain. E.qg. less driving kilometres lead to a reduction of GHG emissiond-and air po
lutants, as well as to an increase in productive time due to lesser ¢idnneadel.

1 Step 3 Determine relevanceeffecs

T Specify likelihood for eaeffect(e.g. categisebetween "very unlikely, kaly, likely and
very likely").

I Specify magnitude effecte.g. choose between "minor, moderate and major" or consider
amplying a materialitiiresholé

1 Step 4 Determine parameters to measureffeet

i According to the likelihood and relevance, identify branches of causal chains that need to
undergo MRV because of their relevant positive or negjtdinte (e.g. signitmt GHG
emission or traffic congestions reduction)

1 Determine indicators or parameteriglentifyrelevaneffecs that can be measured, répor
ed and verified

i When selecting data sources for the indicators to be measured, it is crucial to strive for co
sigency with national level GHG inventories (e.g. use same GHG conversion factors).

The following mapping example illustrates how the anflymscausal chagould be conducted
for the operational phase of the planned Bus Rapid Transport systerm(g&®édiallit can be
assumed that the chaireffiecsis as follows

Thelntroduction of BRT improves the public transport system, this:

1 reduces the use of private vehicles, and increases share of public transport system, this:
4 increases the occupancye &tthe public transport system, this:

4 reduces the total fuel required for passenger transport, this:

4 reduces the GHG emissions.

The introduction of a BRT system also has sustainable development benefits, since it:

4 reduces local air pollution due to cetiiotal fuel use, which leads to fewer health problems
and reduces expenditure on health.

4 reduces travel time, leaving more time for productive/leisure activities.

TheFigure8is an example of the analytical decomposition of airddndirect effects according to
the ASIF model and respective relevance/parameter evaluation.

110ne criterion for this might be to determine if the impact of a specific process may lead to material changes in the est
maed mitigation outcome (e.g. changes the estimated emission rbgusticemthan [20%]). Also the Policy antioA
Sandard by WRI and GHG protocol (2014) provide further guidance on assessing the relative magnitude (table 7.2).

37



Figure8: Analytical decomposition of direct and indirect effects from the installation of a BRT according
to the ASIF model

Some migation actions even have effect on upstream or downstream emissions. Upstream means
emissions occurring during production of vehicles, fuel or infrastructure, downstream refer to end
of-life emissions such as scrapping or dismantlirfgidaesd). Usually, the highest effect of any
transport mitigation action is related to the operation of vehicles. If the analysis includes vehicles
with different fuels, esp. biofuels and electricity, it is important to include upstream emissions of
fuels in the analysis (carbon content). Otherwise, comparison of modes of vehicle categories may
have major errors. In contrast to that, any upstream or downstream emissions related - vehicle pr
duction or scrapping should be only considered if majai@misf the mitigation action axe e

pected (e.g. truck scrapping schdmfedstructure construction may have considerable upstream
emissions for projects and programfaas construction of a subway system). However, compared

to 3040 years of operaticuch emissions still are minor.

As a consequence, it is recommended to use (in most cases) default values for the analysis and do
not spend efforts to collect detailed data. For instance the emission can be estimated in an initial ex
ante assessment oot monitored in detail. A good example for this approach is the Indian Inter
Urban Rail NAMA irsectiond.2 where upstream and downstream as well as lealsgmsraie

not in the boundaries of the assessment but tleesedsion in the NAMA proposal to quantify

them in the beginning.
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