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This presentation

+ Overview of guidance in 2006 GL
— Introduction
— Data Collection
— Error Propagation
- Monte-Carlo Method
 Some thoughts on this guidance in practice

* Overview of verification in 2006 GL

& @ IPGC

wmo LNEP INTERGOVERNMENTAL PANEL ON CI]maTE GhanEe




e

— e,
/'Lc}':
= -

all g

| dei

=
% e,
o

Introduction

Approach and Definitions

IDCC
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Uncertainty

“Lack of knowledge of the true range of a variable that
can be described as a probability density function (PDF)
characterising the range and likelihood of possible
values. Uncertainty depends on the analyst's state of
knowledge, which in turn depends on the quality and
quantity of applicable data as well as knowledge of
underlying processes and inference methods.”

IPCC 2006 Guidelines
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Specifying Uncertainty

Uncertainty is quoted as the 2.5 and 97.5 percentile i.e. bounds
around a 95% confidence interval

This can be expressed as

234 £ 23%

26400 (- 50%, + 100%)

2000 (a factor of 2) (i.e. - 50%, + 100%)
10 an order of magnitude (i.e. 1 to 100)
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Lack of Completeness
Model
Lack of data

Data is not representative

Measurement error

Missing data

Mg
ORFRALE
wHMo UNEP

Statistical random sampling error

Misreporting or misclassification

Causes of uncertainty

Bias | Random Comment
Errors

Either no data available or source/sink

§ §
§
§
§
§ §
§
§ §

unrecognised

Models are simplification of reality, can be very
simple (e.g. E=A.F) or more complex

Use proxy or extrapolation/interpolation to

replace missing data may

Data may not cover full situation (e.g. may not

include start-up conditions)

Data are random sample of population
Errors in measurement, recording etc.
Unclear definitions, mistakes. Need QA/QC

Measurements made but no data available e.g. =,

below detection limit J
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‘ Calculation errors

+ Use good QA/QC
to avoid these

* Both checks
during calculation
and review and
comparison of
complete inventory

’ Input data ‘ ‘

» Measured values
have errors

+ Sample and
Census errors

» Random errors
treated analytically

Three ways to deal with uncertainty

Assumptions and
methods

Methods may not
accurately reflect
the emission.
Guidelines aim to
be unbiased and
complete.

Review and expert
input to ensure

; .c“.‘_’:l_
o ks

assumptions
correct.
Guidelines aim to
be unbiased
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o “ipce
TRES INTERGOVERNMENTAL paNEL on ClimaTe change




Generic Uncertainty Analysis

Conceptualisation:
Background Assumptions
and Methodological
Choice
—

Data Collection
N
[ —
a |

Input Uncertainty Emission/Removal
Quantification Estimation

Uncertainties
(Approach 1 or 2)

Uncertainty Estimates  EmiSsion/Removal Estimates
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Uncertainty estimation in 2006 GL
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Inventory Cycle

ipcC
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Data Collection

Data uncertainty
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Sources of data

+ National Statistics Agencies

+ Sectoral experts, stakeholder organisations
+  Other national experts

+ |PCC Emission Factor Database

+  Other international experts

+ International organisations publishing statistics e.g., United Nations, FAO,
the International Energy Agency, OECD and the IMF (which maintains
international activity as well as economic data)

+ Reference libraries (National Libraries)

+ Scientific and technical articles in environmental books, journals and reports.
 Universities

+ \Web search for organisations & specialists

+ National Inventory Reports from Parties to the United Nations Framework
Convention on Climate Change

ipcC
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Expert judgement

+  Expert judgement on methodological choice and choice of input data to use
is ultimately the basis of all inventory development.

+  Experts with suitable backgrounds can be found in government, industrial
trade associations, technical institutes, industry and universities.

+ The goal of expert judgement may be:

- choosing the proper methodology;

the parameter value and uncertainty from ranges provided;

the most appropriate activity data to use;

the most appropriate way to apply a methodology;

or determining the appropriate mix of technologies in use.

+  Expert judgement is always required since one must judge whether the data
are a representative random sample and, if so, what methods to use to
analyze the data.

 This requires both technical and statistical judgement.

+ Formal Expert Elicitation procedures help collect unbiased results

P ipcC
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Combining Uncertainties

Approaches to estimating overall uncertainties

IDCC
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Methods to combine uncertainties

p—— ——y f
Simple - Standard spreadsheet can __ More complex - Use specialised
be used software
A LS -
E s \
= Difficult to deal with comelations — Needs shape of pdf
- L
-—
—_—
/—__\__—T_ﬁ
L Stﬂﬂy {standard desialionimean) < r?olgt_aé’;ﬁw'.‘e’e unceriainties large,
'3 (simple solution provide) ~— ovekt Sslan, complex algarithms,
— Elations exist and uncertaintieg
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\_. vary with fime
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Error Propagation

+ Key Requirements
Need mean and uncertainty
Assumes uncertainties symmetrical

Strictly uncertainties should be approximately <30% but 2006 GL have
method to deal with larger uncertainties.

Difficult to deal with correlations

* Principle
— Uses standard statistical error propagation equations
— Spreadsheet applies this simply in a way that requires little experience

{:‘) fany i D c c
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. .
From 2006 Guidelines: [ pata calcuiated using
.
simple equations
Enter emissions data / /
TABLE 3.2
/ APPROACH 1 UNCERTAINTY CALCULATION
A B d [ E F ® H | ) [ «/ L M
IPCC Gas | Baseyehr | Yeaft Activity Emission | Combined | Contribution | Type A Type B Unfertainty jf trend | Uncertainty in trend | Uncertainty
category emissiofs | emisions or | data factor / uncertainty | to Variance | sensitivity i in flational Amissions | in national emissions | introduced into
or remofals | renfovals uncertainty | estimation by Category i by introduced by activity | the trend in total
parameter in Yeart issiop factor / data uncertainty national
uncertainty stimafion parameter emissions
Inc ty
Input d Inputdata | Inputdata | Input data (GeDY Note B ‘ D ‘ leF JeEeNZ K212
Note A Note A — Note C
(Z D) XC Note D
co, Gg CO.
E\ijglvalev equglvale;l £ & £ R & / % % %
Eg. co, |
LA1
Energy
Industries
Fuel 1
Eg. co,
1AL
Energy
Industries
Fuel 2
Etc... .
Total >C D \ SH M
r;;‘fm agrfwryf”a'"‘y " Trend uncertainty: =M
uncertainties SR
NTERGOVERNMENT new on climate chanee
“Approach L uncertainty calculation
= P [ o [ £ [ 7 ¢ " ' T < T T
IPCC category [Gas Baseyear | Year t emissions |Activity data _|Emission factor / [Combined Contribution o[ Type A [Type B Uncertainty in__[Uncertainty in__|Uncertainty.
emissionsor |orremovals _|upgpsefty [estimation  funcerainty [Verianceby [sensitivity [sensiivity  twend in national [trend in national [introduced into
removals parame o~ Category the trend in total
. uncertainty \ E F rt . t national
Activity Data ~— uncertainties emisions
uncertainties based based on defaults in
on source of data guidelines
Input data Input data Input data [ o E
E+F (sof leF K +12
Gg CO, Gy CO,
equivalent equivalent % % % % % % % %
TAL Energy Industries CH4 355346662 32.9951217 5 % 5 00 320506E-05  D000104%  0.000801264
1.A.2. ing Industries and Ce CH4 570302899 51.8776096/ 5 25 25.5( 0.0] 4.80131E-05) 0.000165011 0.001200328| 0.001166804| 2.80222E
1.A.3. Transport CH4 8117067834 37.1466612 5 25 25.5( 0.0]  -4.94664E-05| 0.000118155 -0.00123666| 0.000835483| 2.22736E-
1.A.4. Other Sectors CH4 1G41.24025 428.554682 5 b3 2551 00| 00077294 0001363136  -0.010323647  000%638B2E  0.0004663
1.A.5. Other CH4 330.338228 97.5658895 5 25 25.5( 0.0 -0.000367351 0.000310335  -0.009183772 0.002194401 8.91571E-0f
1.B.1. Solid Fuels CH4 24867.6834 12364.38] 10 25 26.9: 27 -0.011678579| 0.039328314  -0.291964463] 0556186352 0.394586504
1.B.2. Oil and Natural Gas CH4 2570.348 4022.34735| 10 25 26.9: 03 -0.012988732 0012794183 -0.324718297| 0.180937071 0.13818019
2.B. Chemical Industry . CH4 40.53 37,5018 10 25, 5, 0.0] 3.61373E-05 0.000119285 0.000903433 0.001686942| 3.66196E-(
4.A. Enteric Fermentation. CH4 14054.9863 73 - 15 -0.005462727] 0023368679  -0.163881819 0.495724537| 0.27260006
4.8. Manure Management. CH4 1403.28061 1199.f NOte short ||st 4l 00| -888245E-05| 0003815756  -0.002664735 0080944413  0.00655909
4.C. Rice Cultivation. CH4 522.9 - 0.0] 5.3609E-06| 0.001078092 0.000160827| 0.015246523| 0.00023248:
4.F. Field Buming of Agricutural Residues. ~ CH4 | 64.3314 of source/sinks 0o 124107605 Oo00l1eSes 0000372321  000381elE  LISTSIED
6.A. Solid Waste Disposal on Land. CH4 1959.72 4 04 0.0078708¢| 0011891742 0.236126385| 0.252261939| 0.11939175¢
6.B. Wastewater Handling. CH4 £ 7 00f 0000761896] 0002376612  0.022856865  0.050415547|  0.00306416:
1.A.1. Energy Industries co2 / 5 7.01 112 0.094441853) 0.305249301 0.472209267| 2.158438508| 4.88183837!
1.A.2. ing Industries and C co2 4| 5 5 70 11 002618491 0095945987  0.130024551]  0.678440577|  0.47742285¢
1.A.3. Transport co2 8406.48| 5 5 707 01 ooz2ass20d 026730124 011226647 0189074157 004835279
1.A.4. Other Sectors co2 52 11784.04) 5 5 707 07| -oosaso001s] o037asoass 0269000072 0265040472 0.142607
1.A5. Other co2 (837016  4124.19 5 5 707 00| -000s052200 0013118122 -0.020261045 0092759127  0.00901476
1.B.2. Oil and Natural Gas co2 3408.21 5171.49583| 10 15 18.0: 02| 0.009456387] 0.016449366 0.141845811f 0.232629165| 0.07423656!
2.A. Mineral Products. co2 5744.63 2507.20146/ 10 15 18.0: 00]  -0.003809586| 0.007974844  -0.05714378¢| 0.112781331 0.01598504]
2.B. Chemical Industry . co2 1355.56 171.93456 10 15 18.0: 0.0] -0.002233954) 0.000546885  -0.033509311f 0.007734125| 0.00118269:
2.C. Metal Production. CO2 14932.6799 10507.4715 10 15 18.0: 0.9 0.006887639) 0.033421905 0.103314586| 047265712 0.23407865]
5.A. Changes in Forest and Other Woody Biome CO2 97.19 50 & 9434 00| 000019038 0 00150507 of  ooo0zsas2
5.A. Changes in Forest and Other Woody Biome CO2  |-7810.79 -7721.7341 50 8 92,34 129 0008539362 0024561101 0683148991 1736732107 348293093
5.8. Forest and Grassland Conversion. co2 626 28043888 25 7 9.0 0of ooooe7er7] o0008o2013  0.06sea77ES| 0031537424 0.00534240)
1.A.1. Energy Industries N20 3§8.516902 328.741673] 5 50 50.2¢ 0.0] 0.000248607| 0.001045653 0.012430334 0.007393886| 0.00020918:
1.A.2. ing Industries and Ce N20 112.709781 114.844426| 5 50 50.2¢ 0.0] 0.000134069) 0.000365294 0.006703468| 0.002583021 5.16085E-0f
1.A.3. Transport N20 5713319301 21.6195922 5 50 50,2 00| -4.88495E-08(  6.87671E-05  -0.002442474]  0.000486257|  6.20212E(
1.A.4. Other Sectors N20 194.497577 46.1816455 5 50 50.2 00| 000252117 oo001aeess 001260587 0001038693 000015098
1.A5. Other N20 274386549 135195061 5 50 502 00| 1aeeeos 4s0025E05  -0.000664308 0000304074  5:33886E0]
4.8. Manure Management. N20 3751 198.4] 15 30 3354 00| -0oc0138451| 0000s31066 -0.004153541] 0013386927  0.00019646;
4.D. Agricultural Soils(2). N20 5217.694 9798.17 20 30 36.0¢ 30 -0.020551918) 0.031165777  -0.616557485| 0.881501284| 1.15718764¢
4.F. Field Burning of Agricultural Residues. N20 24.304 21.297 20 30 36.0¢ 0.0] 1.78812E-05 6.7741E-05 0.000536437] 0.001916004| 3.95884E-(
6.B. Wastewater Handling. N20—” 4526 384.4) 15 30 33.54 00f  0.00029417¢ 000122269 0.008825264]  0.025937172  0.00075062:

[Percentage uncertainty in total
entor

5.88074047:
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Monte-Carlo Method

+ Key Requirements
- Not just uncertainties but also probability density function (pdf)
* Mean
+ Width
+ Shape (e.g. Normal, Log-normal, Weibul, Gamma, Uniform, Triangular,
Fractile, ...)

* Principle
- Select random values of input parameters from their pdf and calculate
the corresponding emission. Repeat many times and the distribution of
the results is the pdf of the result, from which mean and uncertainty can
be estimated

ipcC
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Monte-Carlo Method

Emission
Factor

Probability

Value

Select Random
Value from
distribution

Activity Data

Probability

Value

Select Random
Value from
distribution

Emission
Factor

Probability

Value

Select Random
Value from
distribution

Activity Data

Probability

Value

Select Random
Value from
distribution

Repeat
Emission = Emission Emission = Emission
Factor * Activity Data Factor * Activity Data
. Calculate
Total Store in Mean and Mean Finish
database u . Constant?,
ncertainty I D c c
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Some thoughts
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Where emissions and removals
balance...

— EQUATION 3.2, COMBINING UNCERTAINTIES — APPROACH 1 —
ADDITION AND SUBTRACTION

U e x )P (U, e %)t 4+ (U, e, )

total —

U
X, + X, + ot X

If emissions and removals balance

X, + X, + .o+ X | >0

ipcC
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Other Potential Issues

+ Determining the uncertainty of input data

— This should be done as part of the data collection to assess
the activity data and emission factors

- Need for consistency
+ Treatment of correlations
- An area for misunderstandings
- Often not well treated
- Simple guidance needed

& inc
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Other Questions:

o Why?
— Why is this needed? Is it important?
- We need clear justification
+ What?
— What is involved. What do the results mean?
— We should show this is practical for all

— The method chosen should be match resources and expertise, while
giving useful information

o When?

— This should be an integral part of inventory compilation —not an “add on”
at the end!

* How
— We need to ensure the guidance is useable by all ipcc
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Benefits of Uncertainty Analysis

Users of the
inventory need to
know how reliable
the numbers are —
especially if they

are input into policy
or inventory

Inventories are
estimates —
uncertainty analysis
gives a clear
statement on what
we do and do not

(o (Yo [T]1114Y;

know. improvement
actions
-
qc, Uncertainty All scientific
£ analysis is a analysis should
_°=’ requirement of all include an
g_ good practice uncertainty
&: inventories assessment
IDCC
INTERGOVERNMENTAL PANEL on Climate chanee

+ Most important is producing high quality “Good Practice”
emission and removal estimates

+ Effort on uncertainty analysis should be small in comparison to

effort on inventory estimates themselves

+ Data collection activities should consider data uncertainties
— This will ensure the best data is collected & ensures good practice

estimates

— As you collect data you should assess how “good” it is

+ Atits simplest a well planned uncertainty assessment

should only take a few extra hours!
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Outline report - BOG on guidance

+  Why make Uncertainty Estimates?
— Credibility/ Scientific Understanding/ Aid to users/ Required
* Process:
— Anintegral Part of data collection
— Choice of approach
- Resources
+  Specific Issues
- Use of Guidelines Equations / Approach 1
- Correlations (simple definition and step-by-step approach to dealing with them)
— Consistent estimation of Uncertainty Data
— Stratification and combined Approach 1 and 2

— Others...
+ Interpretation of uncertainty assessment .
‘ q; @ + Tier 3 model uncertainty assessment — meeting in August (tbc) IDGC
=¥ INTERGOVERNMENTAL PANEL on Climate chanee
Summary
+ Even simple uncertainty estimates give useful information - If they
are performed well!
+ Assessment of uncertainty in the input parameters should be part
of the standard data collection QA/QC
- careful consideration will improve estimates as well as providing input data
for uncertainty analysis
« If resources limited: amounts spent on uncertainty analysis should
be small compared with total effort.
* Inventory compilers find this a difficult area and will benefit from
additional advice
+ e.g. (For simple estimates):
— Asses uncertainty in activity data as data collected
— Uncertainty in emission factors from guidelines when not readily available
— Aggregate categories/gases to independent groups of sources/sinks
— Use Approach 1 - the spreadsheet requires little statistical knowledie
PCC
i ad T
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Verification in the 2006 Guidelines

A limited discussion in the 2006 Guidelines!

IDCC

ipcC
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Comparisons with other estimates

« Compare with lower tier method if using higher tier
method (e.g. Tier 3)

* Energy emission use reference approach to compare
with national energy balances

+ Comparison with incomplete “bottom-up” (higher tier)
approaches

+ Comparison with independently compiled estimates
- E.g. IEA, CDIAC, EDGAR...

« Comparisons of intensity indicators between countries




Comparisons with atmospheric
measurements

+ 2006 GL: “comparisons with atmospheric measurements
cannot therefore be a standard tool for [inventory] verification”

+ Measurements may be ground based, aircraft or satellite

+ Techniques include:
- Inverse modelling
— Continental Plumes
— Use of Proxy Emission databases
- Global Dynamics Approaches
* Issues include:

- Inclusion of natural fluxes and international transport
— Timescales (measurement and analysis!)

— Need for continuous measurements i cc
{{;:} )] — Complexity and uncertainty ‘ D
wean UNEP INTERGOVERNMENTAL PANEL on Climate change

BOG Report - Verification

« What are the current capabilities and limitations of ambient
measurement systems (e.g. satellite, aircraft, flux towers,
ground based measurements) for inventory verification

« What are the anticipated improvements of these systems over
time in respect of their capabilities to validation/verification of
emission inventories?

+ What analytic methods are available to compare these
measurements with inventory estimates and what are their
limitations?

* Inthe context of specific IPCC categories how can these
systems be used to validate/verify emission estimates?

+ Comparisons with other estimates ipcc
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Thank you - any questions?

IDCC
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