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Uncertainty analysis in National Greenhouse Gas Inventories

Typical problems in developing countries

Limited or no technical capacity. Priority is always on GHG accounting
Limited staff with statistical background and experience in uncertainty assessment
Lack of data collection on uncertainty (institutional arrangements for data collection)

Data reported without associated uncertainty

a > o nh =

Use of default uncertainty data from the 2006 IPCC GLs may not represent national

circumstances or level of aggregation
Limited/lack of knowledge of 2006 IPCC GLs, tools/software

o
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2. Uncertainty associated with input data
- Overview of uncertainty analysis in national GHG inventories
- Key concepts and causes of uncertainties associated with input data

3. Approach 1 - Propagation of errors for uncertainty analysis
- Key concepts of the method to combine uncertainties
- Application to different cases

4. Approach 2 - Monte Carlo simulation for uncertainty analysis
- Key concepts of the method to combine uncertainties
- Selection of the probabilistic functions

- Application to different cases




Session 2. Uncertainty associated with input data

By the end of this session, you will:

Know where to find more details

Understand the terminology Learning

objectives

Learn strategies to deal with uncertainty

W o=

Quantify uncertainty based on available data
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Uncertainty overview [1]

., 4 §B8B
2006 IPCC Guidelines for Good Practice Guidance and Uncertainty Management
National Greenhouse Gas Inventories in National Greenhouse Gas Inventories

Guidelines  Energy IPPU AFOLU Waste
Chapter 1 Introduction
l l l l Chapter 2 Energy

Chapter 3 Industrial Processes

Chapter4 Agriculture

Vol. 1 - Ch. 3: uncertainty Chapter 5 Waste
Chapter 6 Quantifying Uncertainties in Practice

Chapter 7 Methodological Choice and Recalculation
Chapter 8 Quality Assurance and Quality Control

Vol. 2-5 — uncertainty sections for each category



https://www.ipcc-nggip.iges.or.jp/public/gp/english/1_Introduction.pdf
https://www.ipcc-nggip.iges.or.jp/public/gp/english/2_Energy.pdf
https://www.ipcc-nggip.iges.or.jp/public/gp/english/3_Industry.pdf
https://www.ipcc-nggip.iges.or.jp/public/gp/english/4_Agriculture.pdf
https://www.ipcc-nggip.iges.or.jp/public/gp/english/5_Waste.pdf
https://www.ipcc-nggip.iges.or.jp/public/gp/english/6_Uncertainty.pdf
https://www.ipcc-nggip.iges.or.jp/public/gp/english/7_Methodological.pdf
https://www.ipcc-nggip.iges.or.jp/public/gp/english/8_QA-QC.pdf

Uncertainty overview [2]

General approach

Uncertainty

Lack of knowledge of the true value of a variable that can be described as a probability density function (PDF).
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.

Uncertainty analysis

An uncertainty analysis should be seen, first and foremost, as a means to help prioritise national efforts to
reduce the uncertainty of inventories in the future, and guide decisions on methodological choice.

Quantitative uncertainty analysis is performed by estimating the 95 percent confidence interval of the emissions
and removals estimates for individual categories and for the total inventory

Uncertainty assessment

The term “ASSESSMENT” is intended to convey an exercise that includes the investigation of quantitative and
qualitative aspects. In the glossary to the Guidelines, “uncertainty analysis” is defined as only a quantitative
exercise.
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Uncertainty overview [3]

General approach

Conceptualisation
Data Collection |, . Background Assumptions
and Methodological Choice

AD - EF - Parameters + e ‘ |
» Input Uncertainty | .-~ Ty Key data identification

Quantification Emissions/Removal

Estimation Contribution to total

0 - E
95% _C;)nfldlence : | uncertainty
Iinterva '
k J i‘ F l
Combination of Uncertainties; Emissions/Removals
(Approach 1 or 2) _] Estimates
Linear Error Monte Carlo Uncertainty
Propagation Simulation Estimates
LEP- _MCS- GHG Emissions
o .
2006 IPCC Guidelines » 95% Confidence
interval
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Uncertainty overview [4]

Key concepts

Confidence interval: range that encloses the true, but unknown value, with a determined
confidence (probability). Typically, a 95 percent confidence interval is used in greenhouse gas

inventories.
Alternative interpretation: Range that may safely be declared to be consistent with observed data or

information

Probability Density Function (PDF): describes the range and relative likelihood of possible
values.

For emission inventory, it is used to describe uncertainty in the estimate of a quantity that is a fixed
constant whose value is not exactly known.

Sensitivity analysis: method to determine which of the input uncertainties to an inventory
contributes most substantially to the overall uncertainty.
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Uncertainty overview [5]

Key concepts

Accuracy: Agreement between the true value and the average of repeated measured observations or
estimates of a variable.

An accurate measurement or prediction lacks bias or, equivalently, systematic error.

Bias / Systematic error: Lack of accuracy. Bias (systematic error), can occur because of failure to capture all
relevant processes involved or because the available data are not representative of all real-world situations, or
because of instrument error.

Precision: Agreement among repeated measurements of the same variable.
Better precision means less random error. Precision is independent of accuracy.

Random errors: Random variation above or below a mean value. Random error is inversely proportional to
precision. Usually, the random error is quantified with respect to a mean value, but the mean could be biased or
unbiased. Thus, random error is a distinct concept compared to systematic error.

Q:@jy GHG Support Unit, Transparency Division
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Uncertainty overview [0]

Key concepts
Lack of knowledge of the true value
How far is the true value from the value used?

Accuracy (systematic errors or bias) vs. Precision (random errors)

(a) maccurate but precise; (b) naccurate and imprecise; (c) accurate but imprecise; and (d) precise and accurate
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(a) (b) (c) (d)
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Uncertainty overview [7]

Key concepts

Accuracy (systematic errors or bias) vs. Precision (random errors)
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Source: Hitachi, 3. Semiconductor - Accuracy and Precision, Fig.3-5
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Uncertainty overview [8]

Key concepts

The quantitative uncertainty analysis tends to deal primarily with random errors
based on the inherent variability of a system and the finite sample size of available
data, random components of measurement error, or inferences regarding the
random component of uncertainty obtained from expert judgment

I PRECISION

It is important to recognize that some uncertainties that are not addressed by
statistical means may exist, including those arising from omissions or double
counting, or other conceptual errors, or from incomplete understanding of the
processes that may lead to inaccuracies in estimates developed from models.

Bias or systematic errors

I ACCURACY
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Uncertainty overview [9]

Terminology

i) Confidence interval: range that encloses the true value with a determined confidence
(probability)

95 % CI >  2.5th[eereeeereeeeenenenn, 197.5 th
Absolute %ﬂ“ Uncertainty
Symmetric: 80 (64-96) 80 + 16 80} 20%] I
--------- —

Large uncertainty:
100 (50-200) 100 -50/+100 100 -50%/+100% 100-+ factor of 2 i (half or double)

Factor of “n” (mean/n) and (mean x n)
(&9 GHG Support Unit, Transparency Division



Uncertainty overview [10]

Terminology
TABLE 2.2
DEFAULT EMISSION FACTORS FOR STATIONARY COMBUSTION IN THE ENERCY INDUSTRIES
(ke of greenhouse gas per TJ on a Net Calorific Basis)
COy CH, N:0
Fuel Defanlt Lower Upper Default Lower Upper Defanlt | Lower | Upper
Emission Emission Emission
Factor Factor Factor

Crude 01l 73 300 71100 75500 r 3 1 10 0.6 02 2
Orinmlsion r 77000 69 300 85400 r 3 1 10 0.6 02 2
Natural Gas Liguads r 64200 58300 70 400 r 3 1 10 06 02 2
Motor Gasoline r 69300 67 300 73 000 r 3 1 10 0.6 02 2

E Aviation Gasoline r 70000 67 500 73 000 r 3 1 10 0.6 02 2

2
;_?-i Jet Gasoline r 70000 67 500 73 000 r 3 1 10 0.6 0.2 2
Jet Kerosene r 71500 69 700 74 400 r 3 1 10 0.6 02 2
Cither Kerosene 71 900 70 800 73 700 r 3 1 10 0.6 0.2 2
Shale Ol 73300 67 800 79 200 r 3 1 10 0.6 0.2 2
Gas/Diesel 01l 74100 72600 74 800 r 3 1 10 0.6 02 2
Fesidual Fuel Oil T7 400 75 500 78 800 r 3 1 10 0.6 0.2 2
755 [77.4--]78.8  77.4(-2.5%: +1.8%) ([ E— )10 3-67% / +233%
Approx. 77.4 = 2% Approx. 3 + factor of 3




Uncertainty overview [11]

Terminology

Emission factor uncertainties

These will be the same as the uncertainties associated with estimation of the litter and dead organic matter stocks
per unit area on the previous land use. Uncertainties need not be estimated where zero carbon density in litter
and dead organic matter pools 1s assumed for Cropland. SWhere thic ig not the case, uncertamties should be
assessed by analysis of local data and should both exceed a|factor of about 2

Uncertainties associated with carbon stocks and other parameter values|are likely to be at least a factor of three
unless country-specific data are available from well designed surveys.

The storage of mamure, typically for a

peried of several menths, m Judgement of IPCC Expert Group

unconfined piles or stacks. Manure is in combination with Amon f al.
Solid storage” able to be stacked due to the presence 0.003 Factor of 2 (2001}, which shows emissions

of a sufficient amevmt of bedding ranging from EI 0027 to 0.01 kg

material or loss of moisture by MN20-I¥ (kg N]

evaporation.

(see Annex 10A.1). Table 10.11 presents the enteric fermentation emission factors for cattle. A ran_ge of

emission factors 1s shown for tvpical regional conditions. As shown in the table, the emuission factors vary by
|D‘L-'E1’ a factor of four on a per head h:lsisl




Uncertainty overview [12]

Terminology

if) Probability Density Function: range and relative likelihood of possible values

Symmetric (normal distribution)

g7 .5t
Fercentile

2 _5t|1
Percentile

Probability Density

0 1 2 3
Example Emission Factor
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Uncertainty overview [13]

Terminology

if) Probability Density Function: range and relative likelihood of possible values

Asymmetric (Skewed)

2 5t 97 Gt
Percentile . Percentile
_%“ E‘ 95% Probability Range >
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Causes of uncertainty [1]

Causes of uncertalnty .Anlmal populatlon’? Age’? Livestock characterization? Diet?

@jy GHG Support Unit, Transparency Division
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Causes of uncertainty [2]

Causes of uncertainty: Land representation? Stand volume? Carbon stock? Below ground biomass?
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Causes of uncertainty [3]

Causes of uncertainty: Pipe length? No. of fittings? Gas composition? Maintenance? Venting?

il
u
SRERII B
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Causes of uncertainty [4]

Causes of uncertainty: Waste generation? Composition? Climate? Treatment? Management type?

-

r
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Causes of uncertainty [5]

Causes of uncertainty

§
1. Lack of completeness Bias = = o o o o o -
2. Model -Bias and Random errors ’
3. Lack of data -Bias and Random errors
4. Representativeness of data .Bijas
_ §
5- Random Sampllng error -Random ITOrS ™ = == == = mm == o= = = - S

6. Measurement errors -Bias and Random errors

-

Misreporting -Bias

8. Data gaps -Bias and Random errors

Precision

Precision oo

Low(bad)

r

High(good)
—r—?

Low(bad)
P

PR——
>

i

Low

O
True value

True value

ﬂ

0O
‘\\\Y<<‘—"/

GHG Support Unit, Transparency Division




Uncertainty associated with activity data [1]

National statistics: census, survey

= Activity data are closely linked to economic activity
= well established price incentives and fiscal requirements for accurate accounting

National statistics

V1 _Ch2. - Annex 2A.2
2006 IPCC Guidelines
General guidance on performing surveys

Censuses

Counting every instance of a particular activity. Counting a portion of a particular activity.
Typically includes both systematic and random errors. Typically includes both systematic and random errors.
Random errors are typically normally Random errors are typically normally
distributed and uncorrelated distributed and uncorrelated

Contact the statistical agencies directly

\&’LC}' GHG Support Unit, Transparency Division



Uncertainty associated with activity data [2]

National statistics: census

National statistics

Censuses

» Check for the size of random errors, look for fluctuations over time, and differential fluctuations in series
that ought to be highly correlated with the data of interest

To check for bias errors, cross-check the data of interest with other, related information. (look up and down
the supply chain for fuels, or highly correlated activities with the data of interest, for instance reported fuel

input vs. electricity output).
Interpretation of statistical differences, within, for instance, national energy data are an example of cross

checking (e.g. reference approach)..

Often ‘precise but inaccurate’

\f@) GHG Support Unit, Transparency Division



Uncertainty associated with activity data [3]

National statistics: census

National statistics

Censuses

Practical exercises
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Uncertainty associated with activity data [4]

National statistics: census

Periodic publications

ENERGY: liquid fuels commercialization. Fuel consumption statistics are published by the Ministry of
Energy every year for gasoil and gasoline. The statistics contains the most updated information for the
current and previous years.

Evaluate consistency and identify fluctuations over time in series to derive the uncertainty of the data

Year Gasoil Gasoline Year Gasoil Gasoline Year Gasoil Gasoline

Source: commercialization tables, 12 July 2021 Source: commercialization tables, 18 June 2022  Source: commercialization tables, 23 June 2023

}} GHG Support Unit, Transparency Division




Uncertainty associated with activity data [4]

National statistics: census
4,5% U=5% 3,7%

Periodic publications

ENERGY: liquid fuels commercialization. Fuel consumption statistics are published by the Ministry of
Energy every year for gasoil and gasoline. The statistics contains the most updated information for the
current and previous years. i '

Evaluate consistency and identify fluctuations over t|me in series to derive the uncertalnty of the data

Year Gasoil Gasoline Year Gasoil Gasoline Year Gasoil Gasoline

Source: commercialization tables, 12 July 2021 Source: commercialization tables, 18 June 2022  Source: commercialization tables, 23 June 2023

}} GHG Support Unit, Transparency Division




Uncertainty associated with activity data [5]

National statistics: census

Highly correlated activities

ENERGY: fuel consumption vs electricity generation. Fuel consumption and electricity generation are
reported every year by the electricity grid administrator.

Evaluate the reported data, calculate the efficiency to identify any inconsistency and assess uncertainty.

42%

NCV: 48 TJ/Gg
Density: 0,714 kg/m?3

efficiency ?

g\@;& GHG Support Unit, Transparency Division



Uncertainty associated with activity data [6]

National statistics: census

Highly correlated activities

ENERGY: fuel consumption vs electricity generation. Fuel consumption and electricity generation are
reported every year by the electricity grid administrator.

Evaluate the reported data, calculate the efficiency to identify any inconsistency and assess uncertainty

0,33 0,29 0,29 0,30 0,30 0,31 0,32 0,29 0,31 0,25
NCV: 48 TJ/Gg
Density: 0,714 kg/m? Monthly efficiency ?

January February March April May July August September October | November December Total

yf\@) GHG Support Unit, Transparency Division




Uncertainty associated with activity data [7]

National statistics: census

Highly correlated activities = 20%

ENERGY: fuel consumption vs electricity generation. Fuel consumption and electricity generation are
reported every year by the electricity grid administrator.

Evaluate the reported data, calculate the efficiency to identify any inconsistency and assess uncertainty

1.570.410 18.017.687

NCV: 48 TJ/Gg
Density: 0,714 kg/m?3

January February March April July August September October November December  Total

1.570.410 18.017.687

32% 35% 36% 37% 37% 35% 36% 35% 34% 33% 36% 34% 35%

g”@) GHG Support Unit, Transparency Division



Uncertainty associated with activity data [8]

National statistics: survey

National statistics

Surveys

« Sample size and inter-individual variability

» Typical cases: consumer surveys, home expenses survey, land use surveys or forest cover surveys

The agency conducting the sample will normally be able to advise on sampling error.

If there is no information available, it may be possible to identify, or infer, the sample and population sizes

and calculate sampling error directly.

precision depends on sample size, accuracy depends on sampling design

\V:\C ;‘é GHG Support Unit, Transparency Division




Uncertainty associated with activity data [9]

National statistics: survey

Heterogeneity (standard deviation) VS. Uncertainty in sample mean (standard error)
_ (1.96 . a) , (1.96 - SE)
Uncertainty = + - 100% Uncertainty = + - 100%
15 SE = ——
0= ;Z('xi — 1)? Jn
\J =1
Variability within the sample Variability of the mean of the sample
Applicable for individual value Applicable for country average

Standard deviation tends to remain constant Standard error falls as sample size grows

Q;@jy GHG Support Unit, Transparency Division



Uncertainty associated with activity data [10]

National statistics: survey

National statistics

Practical exercises
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Uncertainty associated with activity data [11]

National statistics: survey
LULUCEF: Carbon stock in forest from surveys

a) Given a sample with 80 individual values, calculate the mean, standard deviation and
standard error.

b) If the sampling is repeated ten times, calculate the mean for each sample and the
standard deviation of the sampling distribution of the mean and compare with a).

102 99 101 100 97 100 100 101 102 96 101 2.1
18 pil 18 2 20 19 19 20 20 21
2,0 2,4 2,0 2,5 2,3 2,2 2,1 2,2 2,2 2,4

Q:@)y GHG Support Unit, Transparency Division



Uncertainty associated with activity data [12]

National statistics: survey

LULUCEF: Carbon stock in forest from surveys

Calculate the uncertainty of the carbon stock obtained from the sampling to be used in the
GHG inventory. The emissions from land use change will be calculated for the entire
country in the year in which the survey was carried out.

o 1.96 - SE

Sample size: 30 Uncertainty = i( 963 ) 100% SE: 1.9 tC/ha

Average C stock: 93.7 tC/ha o

Standard deviation: 10.2tC/ha  °% = ¥n
O or SE ?

What if the carbon stock is applied to account for emissions in one deforested area?

\Z@j\; GHG Support Unit, Transparency Division



Uncertainty associated with activity data [13]

National statistics: survey

WASTE: Municipal solid waste amount and composition

1) The amount per capita is obtained from a sample that covers venhicles collecting in a wide
range of areas: urban and rural, wealthy and poor, with and without gardens, etc. and
covering several periods throughout the year.

Uncertainty for the entire MSW category? O or SE ?

Uncertainty for the emissions from managed landfills? O or SE ?

2) The composition of the MSW was done through a survey at different landfills. A national
waste composition was calculated based on the results and is used to calculate the
methane emissions in each individual landfill.

Uncertainty for the composition based on amount from each landfill? O or SE ?

@;’y GHG Support Unit, Transparency Division




Uncertainty associated with empirical data [1]

Techniques for quantifying uncertainties

Measurement Publications Statistics

V1_Ch.3-3.2.2.2

Statistical analysis o
2006 IPCC Guidelines

« Approach to quantify uncertainty in inventories, mainly associated to emission
factors and other estimation parameters

» 0 steps approach to apply systematically

\VLC) GHG Support Unit, Transparency Division



Uncertainty associated with empirical data [2]

Techniques for quantifying uncertainties

Statistical analysis

1. Compilation and evaluation of a database

2. Visualisation of data by developing empirical distribution functions

3. Fitting, evaluation, and selection of alternative PDF

4. Characterisation of uncertainty in the mean of the distributions for variability
5. Input to a probabilistic analysis to estimate uncertainty in total emissions

6. Sensitivity analysis

Q;@jy GHG Support Unit, Transparency Division



Uncertainty associated with empirical data [3]

Techniques for quantifying uncertainties

Statistical analysis

1. Compilation and evaluation of a database

2. Visualisation of data by developing empirical distribution functions

Pareto Chart

400;..........!!.# Outliers 200 + ///A/_—. + 100%

200 B} T //./( o

«~| Data series * . Pareto |-
Consistency i

AAAAAA
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Uncertainty associated with empirical data [4]

Techniques for quantifying uncertainties

Statistical analysis

3. Fitting, evaluation, and selection of alternative PDF

Possible Physical ~ Expert
PDF process judgement
PRITT Goodness
Variability of fit test

GHG Support Unit, Transparency Division
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Uncertainty associated with empirical data [9]

Techniques for quantifying uncertainties

Statistical analysis

4. Characterisation of uncertainty in the mean of the distributions for variability
5. Input to a probabilistic analysis to estimate uncertainty in total emissions

6. Sensitivity analysis
O or SE ? 95% ClI — U
Ui — UTotal

UTotaI — X

Q:‘@jy GHG Support Unit, Transparency Division



Uncertainty associated with empirical data [0O]

Statistical analysis

Attention!

Measurements taken for another purpose may not be representative.
For example, methane measurements made for safety reasons at coal mines and landfills
may not necessarily reflect total emissions because they may have been made only when
methane emissions were suspected of being high, as a compliance check.

In such cases, the ratio between the measured data and total emissions should be
estimated for the uncertainty analysis.

Q;@jy GHG Support Unit, Transparency Division



Conclusions

Uncertainty assessment

» |tis a means to help prioritise national efforts to reduce the uncertainty of inventories in
the future

It guides decisions on methodological choice

It helps understand the quality of the information use

» |tis a requirement of GHG Inventories

Assessment of uncertainty in the input parameters |
should be part of the data collection o

\YZ\‘\@}; GHG Support Unit, Transparency Division



United Nations Framework Convention on Climate Change

We need to update our GHG forecast.

Heads, we will reach net zero soon.

End of day 1
Thank you!

Diego M. Ezcurra
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3. Approach 1 - Propagation of errors for uncertainty analysis
- Key concepts of the method to combine uncertainties
- Application to different cases

4. Approach 2 - Monte Carlo simulation for uncertainty analysis
- Key concepts of the method to combine uncertainties

- Selection of the probabilistic functions

- Application to different cases

1 out of 3 ]|




Session 3. Methods to combine uncertainties: Approach 1
Propagation of errors

By the end of this session, you will:

1. Understand the basics and assumptions Learning

objectives

2. Learn how to apply it to several cases

3. ldentify key variables and avoid pitfalls

4. Learn how to deal with asymmetric cases

@j\; GHG Support Unit, Transparency Division




Combining uncertainty: Approach 1 [1]

Linear Error Propagation (LEP) First order Taylor series expansion

f(x)

/

Assumptions:

*Small std. Deviation (~30% from the mean)
Symmetric (not skewed)

*Normal distribution

*Uncorrelated variables

e Equations 3.1 and 3.2
*Multiplication or addition




Combining uncertainty: Approach 1 [2]

Linear Error Propagation (LEP)

Theory behind it — Don’t panic! Bear with me :)

T 5q+2 0 of . f
Taylor 1st order: f = f(a; b)+—f6a+£5b+ =) - f(a b)——fc‘i +%5b ) S5f = —6a+%5b
: : of |* of of of :
Variance of a summation: |o7 = |£| og + |£ 05 + 255 Oap Assumptions:

Casef=axb: of =b*0f +a’of +2ab oy,

Or, in relative terms
22= baa2+(aab)2+2abaab
f ab ab (a b)?

ur = /u§+u,2, )

uf = ug +uj )

1) Small std. Deviation (~30%)

2) Symmetric (not skewed)
Normal distribution

3) Uncorrelated variables

4) Multiplication or addition

Ut =\UZ+U 4.+ U2

Equations 3.1

¢

“Y(é/




Combining uncertainty: Approach 1 [3]

2 2
Linear Error Propagation (LEP) o2 = of o2 + of o2
F =" |da] "* " |ab| "°
Small impact from the input uncertainty Large impact from the input uncertainty Small impact from large input uncertainty
yA
slope =/ "'fa)
point = {a, f{a)) f(x)
y = f'fa)x-a) + fla) ~
L
{f(x} o f(x) _ )
") | Lf(a) -

f(x)

The most important is how the uncertainty |

of the data affects the result. o




Combining uncertainty: Approach 1 [4]

Linear Error Propagation (LEP)

AD x EF

EquaTtion 3.1
COMBINING UNCERTAINTIES — APPROACH 1 — MULTIPLICATION

ro 2 2
Le‘amf_‘u'[”l +DZ +"'+Uﬁ

U;: relative

E1+E2+.

.. + En

EquaTion 3.2

1U.'II(Ul . .Tl)z + (Uz ¢ xz)z oot {Uﬁ y 'T??)z

U total ~
[+, 4,

COMBINING UNCERTAINTIES — APPROACH 1 — ADDITION AND SUBTRACTION

x;: CO,e




Combining uncertainty: Approach 1 [4]

Linear Error Propagation (LEP)

Practical exercises
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Combining uncertainty: Approach 1 [3]

Linear Error Propagation (LEP)

AD x EF
EquaTtion3.1
COMBINING UNCERTAINTIES — APPROACH 1 - MULTIPLICATION
U =\U2 +U2 +..+ U
fotal ~ V1 T2 " U;: relative
(kg of greenhouse gas per TJ on a Net Calorific Basis)
Example: CO, emissions due to fuel consumption Co,
E=C X EF Fuel Default Lower Upper
Emission
Factor
_ _ Gas/Diesel Oil 74 100 72 600 74 800
Gasoil consumption =18 710 GJ
[72 600 - 74 100] [74 800 - 74 100]
t
E=18710 [G]] x 0.0741 [/] = 1386 tCO; 74100 74100

2% 1%

Uncertainty in activity data: 10%

Uncertainty in emission factor: 2% Uncertainty in emissions =/ 10% + 22 = 10.2% ~ 10%
. o

U=+0.12 4+ 0.022 = 0.102 = 10.2% ~ 10%




Combining uncertainty: Approach 1 [0]

Linear Error Propagation (LEP)

AD x EF
EquaTtion3.1
COMBINING UNCERTAINTIES — APPROACH 1 — MULTIPLICATION
[ . .= /Uz + U2 +..+ U2 . (kg of greenhouse gas per TJ on a Net Calorific Basis)
fotal ~ V1 T2 " U;: relative
0,
. . . Fuel Default Lower Upper
Example: CO, emissions due to fuel consumption Emission PP
Factor
E=CX86XNCV XEF
Cras/Dhesel (il 74 100 T2 600 74 800
. i i — 3
C: Gasoil consumption = 500 m 2% 1%
§: Density = 0.87 t/m3 TABLE 1.2 |
DEFAULT NET CALORIFIC VALUES (NCVs) AND LOWER AND UPPER LIMITS OF THE 95% CONFIDENCE INTERVALS
. . e Net calorific
E= 500 %X 0.87 X 43.0 X 0.0741 = 1 386 tCOZ Fuel type English description value (TJ/Gg) Lower Upper
Gas/Diesel Oil 430 414 433
Uncertainty in activity data: 5% [41.4-43.0]  [41.4-43.0]
43.0 43.0
Uncertainty in density: 5% 49, 19,

Uncertainty in NCV: 4%

o N
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Combining uncertainty: Approach 1 [/]

Linear Error Propagation (LEP)

AD x EF EquaTtion 3.1

COMBINING UNCERTAINTIES — APPROACH 1 — MULTIPLICATION

U :/U'Q-FU-E‘F..."'UQ .
fotal ~ V1 T2 " U;: relative

Examples: enteric fermentation, transportation, waste treatment

EF=DE? X EF ) F= DE x DE X EF )
E= DXT]EF =) E=D X EF x SC -)
2 2
i, i,
E=DDOC xe %k  mmp of = ‘a—i ag + % aj o

WOW! It was useful! :)

2 6f2
of = == 0£+‘— of U=\/4u12)E+u125F

da

. _ |9f
ab

U= \/u%)E + u%,E + u,ng l independent?

U =\/u% + Uk + ui,

U= \/ulZ)DOC + (uk X k)Z

(
y

(@)
‘%Y(é/




Combining uncertainty: Approach 1 [8]

Linear Error Propagation (LEP)
E1+E2+...+En

Equartion 3.2
COMBINING UNCERTAINTIES — APPROACH 1 — ADDITION AND SUBTRACTION

\/(U1 . xl)z +(U, o Jr2]2 +..+(U, wﬂ]2

Dta!af =
|.‘i‘1 +.TE ++‘i‘” x_. Coze
It

Example: CO, emissions due to vent and flare

E: E t + Efl
ven are Vv (0.4x7 310)2+(0.1x5 282)2

|12 592|

Uncertainty in emissions =
Eent =7 310 tCO.e

vent —

Epoe = 5 282 tCOLe

= 24%

2 2
Uncertainty in emissions = V(2 924)%+(528)
E=7310+5 282 = 12 592 tCO,e e

Uncertainty in vent emissions: 40% (* 2 924)

Uncertainty in flare emissions: 10% (% 528)

p .
b

@
\



Combining uncertainty: Approach 1 [9]

Linear Error Propagation (LEP)
E1+E2+...+En

Equartion 3.2
COMBINING UNCERTAINTIES — APPROACH 1 — ADDITION AND SUBTRACTION

\/(U1 . xl]z £ (U, » x2]2 ot (U 'xn]z

Uta!af =

|.T1 + X +..+ X, xi: Coze

Example: adding multiple emission sources

E:E1+E2+E3+E4+E5

_ /(0.4x200)%+(0.3x500)%+(0.1x300)2+(0.8x100)2+(0.2x800)2

& |1 900 =137
E;=200tC0Oe £40% . ibution i> 102/0 Contribution . ropagaeduncertany
E, =500tCOe £ 30% to uncertainty = 360/0 to variance aom
- o) => 258
Es 3 3001C0e £ 10% (Ui x Ei)? _ 10/0 (Ui x Ei)? oo
E; =800 tCO,e £ 20% =>41% -
E - 1 900 tCOze ) 0 10 ZOSumHumberSO 40 50

Addition reduces overall uncertainty

(/LL<<‘\\
b

C

\



Combining uncertainty: Approach 1 [10]

Linear Error Propagation (LEP)
E1+E2+...+En

Equartion 3.2
COMBINING UNCERTAINTIES — APPROACH 1 — ADDITION AND SUBTRACTION

\/(U1 . “’1]2 +(U, o Jr2]2 +..+(U, 'ixﬂ]2

Ui‘a!af = |
YN +X o+, x;: CO,e
Example: subtracting
E: El - EZ
E, =500tCO,e + 30% U= V(0.3x500)2+(0.2x100)2 ~ 250,
E, =100 tCO,e = 20% - 1400
E =400 tCO,e
IF
2 2
E, = 500 tCO,e =+ 30% U, = J/(0.3x500)7+(02x400)2 _
E, =400 tCOe + 20% |100|
E = 100 tCO,e Careful if similar values!

Subtraction increases overall uncertainty!

Propagated uncertainty

100% 80% 60% 40% 20% 0%

Difference

1600%
1400%
1200%
1000%
800%
600%
400%
200%
0%

0O
‘\vV(é/

(
{




Combining uncertainty: Approach 1 [11]

Linear Error Propagation (LEP) E1 + E2 E
+ +...+En

AD x EF Foustion 3.1 EquaTioNn 3.2
QUATIONJ. COMBINING UNCERTAINTIES — APPROACH 1 — ADDITION AND SUBTRACTION
COMBINING UNCERTAINTIES — APPROACH 1 - MULTIPLICATION

J(U1 0 5) + (U, 00) 4.+ (U, ox)

; 122 12 Ut =
U .= /L' +Uy +.4U . total
foral =\ Z1 T2 ' U; relative 1+ 0y 4.t 3, x;: CO.e

Example: combining Eq 3.1 and 3.2

" ' : Combined .
Emission Uncertainty Uncertainty . Contribution
Source . : uncertainty i
(tCO4e) inAD inEF Ui tovariance
(Vi x Ei)?
U U V(Unp2+Uge2
AD EF ( AD EF ) (ZEi)z
a 100 3% 5% 5.8% 0.14%
b 5 3% 75% 75.1% 0.06%
C 28 3% 45% 45.1% 0.65%
d 3.2 3% 100% 100.0% 0.04%
e 21 3% 10% 10.4% 0.02%
157.2 0.90%

\

\
\



Combining uncertainty: Approach 1 [12]

Linear Error Propagation (LEP)

Enter Emissions Data

Data Calculated using
simple equations

TABLE 3.2
APPROACH 1 UNCERTAINTY CALCULATION
A B C i E F G H 1 J L M
IPCC Gas Base ye Yeayt Activity Emission Combined Contribution | Type A Type B Uncertainty in trend Uncertainty
category emission emigsions or | data factor / uncertainty to Variance sensitivity sensitivity in national emissions introduced into
or removdls | remgovals uncertainty estimation by Category introduced by activity | the trend in total
parameter in Year ¢ data uncertainty national
uncertainty emissions
I t dat t data I t data I t dat 2 Note B 2 2
nput data nput daf nput da nput data E2+F2 (GOD) ote D JOEO\/E K2 +L
Note A Note A > =
(Z D) >C Note D
Ge €O, Ge €O, % % % % % % % %
equivalent equivalent
E.g., CO,
L.A.1.
Energy
Industries
Fuel 1
E.g., C02
1.A.1.
Energy
Industries
Fuel 2
Etc...
Total >H >M
Percentdge ubgertainty in -
total invigtory: VY H Trend uncertainty: JVIM

«

Enter Uncertainties




Approach 1 uncertainty calculation

A B C D E F G H I J K L M
[iPcC category Gas Base year Year ¢ emissions |Activity data Emission factor / JCombined Contribution to pre A Type B Uncertainty in ~ |Uncertainty in ~ [Uncertainty
emissions or |or removals uncertajnty estimation uncertainty Variance by sensitivity sensitivity trend in national |trend in national |introduced into
removals parameter Category in I the trend in total
. - - 1
uncertainty national
AD uncertainties based EF uncertainties based | [\,
on source of data on data used
Input data Input data Input data Input data \/ﬁ (GeD) Note B ‘L‘
E°+F Eof >cC IeF JeEey2 K2 +12
Gg CO, Gg CO,
equivalent equivalent % % % % % % % %
1.A.1. Energy Industries CH4 5346662 32.9951217 5 25 25.50f 0.0] 3.20506E-05 0.00010495 0.000801264] 0.000742109 1.19275E-0:
1.A.2. Manufacturing Industries and ConstructionCH4 570302899 51.8776096 5 25 25.50) 0.0 4.80131E-05 0.000165011 0.001200328 0.001166804 2.80222E-0
1.A.3. Transport CH4 817067834 37.1466612 5 25 25.50] 0.0]  -4.94664E-05) 0.000118155 -0.00123666 0.000835483) 2.22736E-04
1.A.4. Other Sectors CH4 1041.24025 428.554682 5 25 25.50f 0.0  -0.000772946 0.001363136  -0.019323647 0.009638828 0.0004663 1]
1.A.5. Other CH4 330.338228 97.5658895 5 25 25.50) 0.0)  -0.000367351 0.000310335  -0.009183772 0.002194401 8.91571E-09
1.B.1. Solid Fuels CH4 24867.6834 12364.38 10 25 26.93 2.7 -0.011678579] 0.039328314 -0.291964463| 0.556186352 0.394586505
1.B.2. Oil and Natural Gas CH4 12570.348 4022.34735 10 25 26.93 0.3  -0.012988732 0.012794183  -0.324718297 0.180937071 0.13818019¢
2.B. Chemical Industry . CH4 40.53 37.5018 10 25 26.93 0.0 3.61373E-05 0.000119285 0.000903433 0.001686942 3.66196E-0
4.A. Enteric Fermentation. CH4 14054.9863 7346.85 15 30 33.54] 1.5 -0.005462727 0.023368679 -0.163881819 0.495724537 0.272600067
4.B. Manure Management. CH4 1903.28061 1199.63088 15 30 33.54] 0.0]  -8.88245E-05 0.003815756  -0.002664735 0.080944413 0.006559099
4.C. Rice Cultivation. CH4 522.9 338.94 10 30 31.62 0.0 5.3609E-06| 0.001078092 0.000160827, 0.015246523, 0.000232482
4.F. Field Burning of Agricultural Residues. CH4 64.3314 0] 0.0} -1.24107E-05 0.000119565 -0.000372321 0.003381819 1.15753E-04
6.A. Solid Waste Disposal on Land. CH4 1959.72 37 Llst Of sou rce/sinks 4 0.4 0.00787088]  0.011891742  0.236126385|  0.252261939|  0.11939175§
6.B. Wastewater Handling. CH4 787.08 74 4 0.0]  0.000761896]  0.002376612  0.022856865|  0.050415547|  0.003064164
1.A.1. Energy Industries CcO2 (1 )1 02607.31 9594 7 11.2 0.094441853, 0.305249301 0.472209267 2.158438506 4.88183837§
1.A.2. Manufacturing Industries and ConstructionCO2 (1) [33991.06 301 / 5 7.07 1.1 0.02618491 0.095945987 0.130924551 0.678440577 0.477422859
1.A.3. Transport CO2 (1) R3987.07 48 5 5 7.07 0.1 -0.022453294 0.026739124 -0.11226647, 0.189074157 0.048352797
1.A.4. Other Sectors CcO2 (1) . 11784.04 5 5 7.07 0.2 -0.053800014 0.037482383 -0.269000072 0.265040472 0.14260749
1.A.5. Other CO2 (1) § 8370.16 412419 5 5 7.07 0.0  -0.004052209 0.013118122  -0.020261045 0.092759127 0.00901476¢
1.B.2. Oil and Natural Gas CO2 (1) | 3408.21 5171.49583 10 15 18.03 0.2 0.009456387 0.016449366 0.141845811 0.232629165 0.074236563)
2.A. Mineral Products. C02 (1) 5744.63 2507.20146 10 15 18.03 0.0} -0.003809586] 0.007974844 -0.057143788 0.112781331 0.015985041]
2.B. Chemical Industry . CO2 (1)} 1355.56 171.93456 10 15 18.03 0.0  -0.002233954 0.000546885  -0.033509311 0.007734125 0.001182691
2.C. Metal Production. CO2 (112932.6799 10507.4715 10 15 18.03 0.9 0.006887639 0.033421905 0.103314586 0.47265712 0.234078657
5.A. Changes in Forest and Other Woody Bioma&(8ddky. 97.19 50 80 94.34) 0.0  -0.000199385) 0 -0.015950798| 0] 0.000254428
5.A. Changes in Forest and Other Woody Bioma$3(Btdeé 6.79 -7721.7341 50 80 94.34] 129  -0.008539362 0.024561101  -0.683148991 1.736732102 3.482930934
5.B. Forest and Grassland Conversion. CO2 (1) 6.26 280.43888 25 75 79.06f 0.0 0.00087917| 0.000892013 0.065937785 0.031537424 0.005342401
1.A.1. Energy Industries N20O 388.516902 328.741673 5 50 50.25 0.0} 0.000248607 0.001045653 0.012430334 0.007393886 0.000209183
1.A.2. Manufacturing Industries and ConstructionN20 112.709781 114.844426 5 50 50.25 0.0 0.000134069 0.000365294 0.006703468 0.002583021 5.16085E-09
1.A.3. Transport N20O 5713319301 21.6195922 5 50 50.25 0.0  -4.88495E-05 6.87671E-05  -0.002442474 0.000486257 6.20212E-0
1.A.4. Other Sectors N20 194.497577 46.1816455 5 50 50.25 0.0} -0.000252117 0.000146893 -0.01260587 0.001038693, 0.000159987
1.A.5. Other N20 274386549 13.5195061 5 50 50.25 0.0 -1.3288E-05) 4.30025E-05  -0.000664398| 0.000304074 5.33886E-07
4.B. Manure Management. N20 3751 198.4 15 30 33.54] 0.0  -0.000138451 0.000631066  -0.004153541 0.013386927 0.000196462
4.D. Agricultural SOlIS(Z) N20 217.694 9798.17 20 30 36.06f 3.0] -0.020551916 0.031165777 -0.616557485) 0.881501284 1.157187644
4.F. Field Burning of Agricultural Residues. N20 24.304 21.297 20 30 36.06f 0.0 1.78812E-05 6.7741E-05 0.000536437 0.001916004 3.95884E-04
6.B. Wastewater Handling. N20 452.6 384.4 15 30 33.54] 0.0 0.000294175 0.00122269 0.008825264 0.025937172 0.000750622
|Keep Blank! 0
Total [ 314388.7626] 2027711719 >H 34.6 >M 11.4670044
Percentage uncertainty in total Trend
inventory: 5.880740472f uncertainty: 3.386296561




Combining uncertainty: Approach 1 [14]

Linear Error Propagation (LEP) E1 + E2 E
+ +...+En

AD x EF Foustion 3.1 EquaTioNn 3.2
QUATIONJ. COMBINING UNCERTAINTIES — APPROACH 1 — ADDITION AND SUBTRACTION
COMBINING UNCERTAINTIES — APPROACH 1 - MULTIPLICATION

J(UI . xl]l +(U, x2)2 +-..+(Uﬁ .y )2

L n

. 22 12 Uil =
U .= /L' +Uy +.4U . total
foral =\ Z1 T2 ' U; relative 1+ 0y 4.t 3, x;: CO.e

Bonus track!: one way of dealing with asymmetric uncertainties

.. . . . Combined Combined Contribution Contribution
Emission Uncertainty Uncertainty Uncertainty

Source (tCOse) in AD in EF (-) in EF (+) unce.rtainty unce.rtainty tovariance(-) tovariance (+)
Ui (-) Ui (+)
2 . 2 (Ui x Ei)?
Unp Ugr V(Unp +Uee) (SEi)?
a 100 3% -5% 5% 6% 6% 0.1% 0.1%
b 5 3% -50% 100% 50% 100% 0.0% 0.1%
C 28 3% -30% 60% 30% 60% 0.3% 1.1%
d 3.2 3% -100% 900% 100% 900% 0.0% 3.4%
e 21 3% -10% 10% 10% 10% 0.0% 0.0%
157.2 0.5% 4.8%

p
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United Nations Framework Convention on Climate Change

End of day 2
Thank you!

Diego M. Ezcurra
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GHG Support Unit, Transparency Division



4. Approach 2 - Monte Carlo simulation for uncertainty analysis
- Key concepts of the method to combine uncertainties
- Selection of the probabilistic functions

2 outof 3 I

- Application to different cases




Session 4. Methods to combine uncertainties: Approach 2
Monte Carlo simulation

By the end of this session, you will:

Learning

Understand the basics of the simulation =
objectives

Learn how to select probability density functions

|dentify typical problems and avoid misinterpretation

W =

Understand how to deal with correlation

@j\; GHG Support Unit, Transparency Division




Combining uncertainty: Approach 2 [1]

Monte Carlo Simulation (MCS)

Numerical simulation method, nondeterministic, which simulates the behavior of a random
static system where input parameters are defined by a known Probability Density Function.

Random processes >
Random

output

Deterministic processes >

(O
‘\
\



Combining uncertainty: Approach 2 [2]

Monte Carlo Simulation (MCS)

| 42,35 47,79

| * Applicable even if:
25
Inventory g cLarge std. dev.
calculation g A
system g s *Skewed distributions
o StdDev  1417,9241
> 10 Values 1000

*Correlated variables

\/ T v og o§ o2 9 Complex equations
Values in Thousa...

K=
wn

o
=)

41
42
43
4.
4
50
51




Combining uncertainty: Approach 2 [3]

Monte Carlo Simulation (MCS)
|||
@R’!K @

Steps

1.Build the calculation model in which uncertainty needs to be evaluated

2.ldentify relevant key variables > Sensitivity

3.Establish the Probability Distribution Functions for each of the inputs identified and obtain the

Betap... Discr...
10,00

Unifor... Triang Logr
18,50 1158 1842 1089 19,11 460

parameters to define them

4 .Run the simulation

5.0btain the PDF of the result and determine uncertainty as the 95% CI.

Mean =100
Standard deviation = 15 Uncertainty = 30%
Cl=[70;130]




Combining uncertainty: Approach 2 [4]

Monte Carlo Simulation (MCS)

X a Excel 'Illl

Example @RISK
S —
o s |
lL-/ Haome Insert Page Layout Formulas Data Review View Acrobat @RISK
. i
== ¥ cut - Sl || . = . ) "o L
Calibri 11 -A AT = =8| | SfWrap Text Accounting - }ﬂ' -
;—:]E;En,@p, - A = i ' n .00 Cd'fle t_CII IIjrt Delet
- || EEE - - - = = =|| 2= 2= - - 0
avs ¢ # Format Painter | - ” = || &. — | |= = =| e t"_l E‘EMHQE&CEMH | § - i ” e -:-.n| Foorr:naltll:?nnga' as?';rglae' S-t]flis* r'lsve eve :
Clipboard LF] Font LF] Alignment LF] Mumber L] Styles Cells
DS - (» fe | =RiskLognorm(0,01;0,006;RiskStatic(0,01))
A B C D E F G H | ] K

1 Direct N20 emissions from managed soils
2 |Pagina11.12 - Guia IPCC 2006 Vol. 4

3

4 Factor Unit Dafault Range

5 EFy kg NZO-N kg N 0,003 - 0,03
6 EF3cne KgN2O-N/KgN 0,007 - 0,06
7

¢ Indirect N20 emissions from soils (volatilization and leachate
9 |Pagina 11 26-Guia IPCC 2006 Vol. 4

10
11 Factor Unit Dafault Range

(ke NH3—N + NOx—N) / (ke N
12 e e EP“CEdD, - ufus ) 0,3

@
\

¢
(\



Combining uncertainty: Approach 2 [3]

Monte Carlo Simulation (MCS)

| II
|
< — 4

X a Excel
@RISK

Example

s |
t—-/l Home Insert Page Layout Farmulas Data Review View Acrobat @RISK

% @ fJ.: .3' | ﬁ i r | 23 Tterations 1000 - | G e r |i’—'l:|Summar1r @ | !
[ [ ] i
st i == simulations 1 - L ‘ W Define Filters ’
Define Add Insert Define Distribution Distribution | Model Start Advanced || Browse |[—— - =T Excel Swap
Distributions Cutput Function = Correlations Fitting = Artist Window |£ @ E' i.d f @l Simulation Analyses = || Results |_" |£I |E] |ﬁrj” Reports Functions | !
Maodel Simulation Results Tools

| D5 v (» J | =RiskLognorm(0,01;0,006;RiskStatic(0,01))

A B C ] E F G H | J K

1 Direct N20 emissions from managed soils

2 |Pagina11.12 - Guia IPCC 2006 Vol. 4

= J L
Dafault Range

4 Factor Unit

5 EFy kg N2O-N kg N 0,003 - 0,03
B EF3pap KgMN20-N /K N 0,007 - 0,06
7

g Indirect N20 emissions from soils (volatilization and leachate

9 |Pégina 11.26- Guia IPCC 2006 Val. 4

10
11 Factor Unit Dafault Range

[kg NH3-N + NOx-N) / (kg N
12 e e EP“EEC‘DJ - 0J03 _ 0:3

p

@
\
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Combining uncertainty: Approach 2 [0]

Monte Carlo Simulation (MCS)

X a Excel !\'Illl

Example

L
:—j Home Insert Page Layout Formulas Data Review View Acrobat @RISK

5 gl 4 28 Iterations 1000 - & % yJ ¥ Summary
E % jx B | A E" == Simulations 1 | L ‘ 'l—'é‘| ‘f' Define Filters

Define Add Insert Define Distribution Distribution | Model Start Advanced |||Browse = Swap
Distributions Cutput Function ~ Correlations Fitting - Artist Window |£ @ E E i @l Simulation Analyses = | |Results | s Functions | !
Model Simulation Results Tools
| D5 ~ (- f« | =RiskLognorm({0,01;0,006;RiskStatic(0,01))

- H B
A B C D E iill, @RISK - Simulated Input: DS E

1 Direct N20 emissions from managed soils

Pagina 11.12 - Guia IPCC 2006 Vol. 4 Cell D5

2 |Pegina1112-Guia o Comparisonwith Lognorm(0,01;0,006)

3

4 Factor Unit Dafault Range X 05, 0% X . Curve 51

3 EFy kg N20-N kg N 0,014 0,003 -0,03 x 33,0% x Vi 0.00152

6 EF3eae KgN2O-N /KgN 0,007 - 0,06 Masimum 00851
2an 3
Sid Dev  0,00538
Vahezs 1000

7

. . . . agn . . m— Theoretical

s Indirect N20 emissions from soils (volatilization and 3 - e s

9 |Pagina 11.26 - Guia IPCC 2006 Vol 4 - \ Maimum o
M=an 0,0100

10 Gl T Std Dev  0,00600

11 Factor Unit Dafault Range Values in Thousandths

NH3-N+ NOx—N) / (kg M &l il = -1l g elllE T
o Freces et o e - 003-03 || @] = [uh s ] VI RIS <@y

p

@
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Combining uncertainty: Approach 2 [/

Monte Carlo Simulation (MCS)

Example

108 1911

Womnosio
o

Betzp. S o
Inventory .
H 3Alaii / CH4
calculation e
- S Minimum  41475,0691
oo system x Maximum 50226,0509
o g Mean 450094076
o 3
© StdDev  1417,9241
> Values 1000

) < 1 ©o N o
<+ < <+ <+ <+ <+

Values in Thousa...

41

42
49
50
51

i15:0)
[
Hen 15000
Su0er 10000




Combining uncertainty: Approach 2 [8]

Monte Carlo Simulation (MCS)

GOOD PRACTICE GUIDANCE FOR SELECTING PROBABILITY DENSITY FUNCTIONS

V1 _Ch3. 3.2.24
2006 IPCC Guidelines

Recommendations for different cases and commonly applied criteria to follow

i@} GHG Support Unit, Transparency Division



Combining uncertainty: Approach 2 [9]

Monte Carlo Simulation (MCS)

Domain (+, -, «© Range (narrow or broad)
Shape (symmetry) Underlying process (+, x)
Others

.(\

GHG Support Unit, Transparency Division

(¢
Sl

(S
©
\



Combining uncertainty: Approach 2 [10]

Selecting PDF

Most used PDF

Q:‘@jy GHG Support Unit, Transparency Division



Combining uncertainty: Approach 2 [11]

Selecting PDF

Uniform

All values with same probability

Parameters: Uniform (min, max)

Application to inventories: large uncertainty and lack of information

g@?\; GHG Support Unit, Transparency Division



Combining uncertainty: Approach 2 [12]

Selecting PDF

Triangular

Intuitive and flexible.

Parameters: Triang (min, mean, max)

Application to inventories: expert judgment, knowledge from experience.
Limited information.

(<\\
\

(\

GHG Support Unit, Transparency Division
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Combining uncertainty: Approach 2 [13]

Selecting PDF

Normal

Distribution around a most likely central value.

Parameters: Normal (mean [u4], std. Dev. [o])

Application to inventories: most of situations (central limit). Additive processes.

The interval +/- 2*0 (1.96) accounts for approx. 95% of the values.
0 may be estimated as: (max - mean) / 2

GHG Support Unit, Transparency Division
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Combining uncertainty: Approach 2 [14]

Selecting PDF

Log-normal

The natural logarithm of the variable adjusts to a Normal distribution

Parameters: Lognormal (mean [u], std. Dev. [o])

Application to inventories: Generally good representation for skewed non-
negative values (emission factors for N,O). Multiplicative processes.

\\@;’y GHG Support Unit, Transparency Division



Combining uncertainty: Approach 2 [15]

k=
k=
k=
k=
k=
02
01 f
‘\‘\
0
0 2 4 6 8 10 12 14 16 18 20

Similar to lognormal but with not so heavy tails

Selecting PDF

Parameters: Gamma (shape [k], scale [0])

Application to inventories: Good representation for skewed values. Very flexible
depending on its parameters. Mean value: k.0

\f@j\; GHG Support Unit, Transparency Division



Combining uncertainty: Approach 2 [16]

Selecting PDF

Beta pert

Version of the Beta using PERT (Program Evaluation and Review Technique).

Parameters: BetaPert (min, mean, max)

Application to inventories: similar to triangular but with lower standard deviation.

(<\\
\

(\

GHG Support Unit, Transparency Division
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Combining uncertainty: Approach 2 [17]

Selecting PDF - Good practice guidance

« The minimum number of probability functions are used
* These probability functions are well known and well based (theoretical or empirical)

* Where empirical data are available, the first choice should be to assume a normal

distribution

« If the variable must be non-negative and a normal distribution is assumed, the standard

deviation should not exceed 30%

 Truncation of the negative tail of the normal distribution should be avoided (use instead

lognormal, Weibull, or Gamma).

\V:\C ;‘é GHG Support Unit, Transparency Division



Combining uncertainty: Approach 2 [18]

Selecting PDF - Good practice guidance

* Where expert judgment is used, the distribution function adopted might be normal or

lognormal, supplemented by uniform or triangular distributions

« If only the interval is known (upper and a lower value), assume that the probability
density function is uniform and that the range corresponds to the 95% confidence

interval

« If the distribution observed based on data does not seem correct, the data may be the

problem (not representative, not random, small sample size, different timing, etc.)

\V:\C ;‘é GHG Support Unit, Transparency Division



Combining uncertainty: Approach 2 [19]

Selecting PDF - Good practice guidance

« When selecting the PDF from Goodness-of-Fit test, several functions will fit the data

satisfactorily within a given probability limit

« Different functions can have radically different distributions at the extremes (few or
no data to constrain them), and the choice of one function over another can

systematically change the outcome of an uncertainty analysis.

‘It must be knowledge of the underlying physical processes
that governs the choice of a probability function”
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Combining uncertainty: Approach 2 [20]

DEPENDENCE AND CORRELATION AMONG INPUTS

Dependence / Correlation

Relationship between two variables that make them not independent

One variable is determined (partially or totally) by another one
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Combining uncertainty: Approach 2 [21]

DEPENDENCE AND CORRELATION AMONG INPUTS

Dependence / Correlation

Negative Positive
Reduces uncertainty range Increases uncertainty range
when included when included
If not included: If not included:
overestimation of uncertainty underestimation of uncertainty
\i@}' GHG Support Unit, Transparency Division



Combining uncertainty: Approach 2 [22]

DEPENDENCE AND CORRELATION AMONG INPUTS

Perfect High Low Low High Perfect
Posttive Positive Positive No Negative Negative Negative
Correlation Correlation Correlation Correlation Correlation Correlation Correlation
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Combining uncertainty: Approach 2 [23]

DEPENDENCE AND CORRELATION AMONG INPUTS
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Combining uncertainty: Approach 2 [24]

DEPENDENCE AND CORRELATION AMONG INPUTS

FC (GJ) Are FC (GJ) and EF independent?
A

E ='FC x NCV x EF

FC: Fuel consumption (tonnes)
NCV: Net calorific value (GJ/t)
EF: Emission factor (tCO,/GJ)

o %C a4
~NCeV 12

Are NCV and EF independent?
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Combining uncertainty: Approach 2 [25]

DEPENDENCE AND CORRELATION AMONG INPUTS

Dependencies / Correlations

Are always important
to uncertainty assessment?

Degree: strong or weak correlation (i.e. 0.8 or 0.2)

Sensitivity: impact to the overall uncertainty

GHG Support Unit, Transparency Division
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Combining uncertainty: Approach 2 [20]

DEPENDENCE AND CORRELATION AMONG INPUTS

Exists between 2 variables to which Exists between 2 variables to which
uncertainty is NOT sensitive to uncertainty is sensitive to

and and

dependency is strong dependency is strong

Exists between 2 variables to which Exists between 2 variables to which
uncertainty is NOT sensitive to uncertainty is sensitive to

and and

dependency is weak dependency is weak
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Combining uncertainty: Approach 2 [27]

DEPENDENCE AND CORRELATION AMONG INPUTS

Dependence / Correlation

« Define the model so that the inputs are as statistically independent as possible

Strategies

« Stratify or aggregate the category to minimise the dependency effect
 Model dependency explicitly

» Use sensitivity cases (independent, fully positive and fully negative correlated)
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swas  The End|




United Nations Framework Convention on Climate Change

Thank you!

Diego M. Ezcurra

GHG Support Unit, Transparency Division
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