
Experiences in quantifying the uncertainty of the Experiences in quantifying the uncertainty of the 
estimates of Canada's National Forest Carbon estimates of Canada's National Forest Carbon 
Monitoring, Accounting, and Reporting System,  Monitoring, Accounting, and Reporting System,  
NFCMARS NFCMARS 

Juha M. Metsaranta
Natural Resources Canada
Canadian Forest Service 

IPCC Expert Meeting on 
Uncertainty and Validation of Emission Inventoriesy

Utrecht, Netherlands  
March, 2010

Overview

• Canada’s National Forest Carbon 
Monitoring, Accounting, and ReportingMonitoring, Accounting, and Reporting 
System,  NFCMARS 
– Brief Overview

• Quantifying Uncertainty
– Why we did it

– How we did it 

– The results 



Canada’s 
National 
Forest 
Carbon 
Monitoring, 
Accounting and 
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Carbon Budget Model of the Canadian Forest 
Sector (CBM-CFS3)

• Stand to Landscape-scale model of 
forest ecosystem C dynamics 
developed to assess the past, present 
and future role of Canada’s forests in 
the global C cycle. 

• http://carbon.cfs.nrcan.gc.ca
• Uses empirical data from forest 

management planning

National Data Synthesis and Integration

Forest inventory and growth & yield data

Land-use change data

Forest inventory and growth & yield data

Natural disturbance monitoring data

Forest management activity data 

Land use change data

Ecological modelling parameters

CBM-CFS3
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Context for Uncertainty Assessment

• Assessment of uncertainty in 
GHG inventories is required

• Uncertainty should be 
reduced “as far as is 
practicable”

• Not meant to judge validity of 
estimates

• Meant to provide guidance 
on where to direct effortson where to direct efforts 
towards reducing uncertainty



No mention of model input data

Components of Uncertainty

Precision

Accuracy 
or Bias

“Truth”



Components of Uncertainty
• Attempting to quantify 

precision
• Accuracy is improved by 

model and datamodel and data 
improvements (we think) 

• Very difficult to quantify 
because a “true” reference 
value will never exist

• Increased accuracy may 
have no effect on precision

• Model intercomparison
– Canadian Carbon Program p

• (Vice versa is also true)
– North American Carbon 
Program

– Others
• Model validation

– Comparison to measurements 
at Canadian National Forest 
Inventory plots

Sensitivity Analysis

Model is most sensitive to:
• The base decay rate of the slowly decomposing soil C pools 
• How much of the very quickly decaying soil C pools is released 

directly to the atmosphere
• Model initialization assumptions
Data and sensitivity interact:
• Some parameters more important in some landscapes than others
• The most important parameters change over time



Sources of Uncertainty in CBM-CFS3

Model inputs:
• Forest Inventory and Growth Data *
• Activity Data *

Model parameters:
• Litterfall, decay, and transfer *
• Biomass estimation *
• Disturbance Impacts

Model Structure:Model Structure: 
• Incorrectly specified or excluded processes 
• Model algorithms

Human Error

Analysis

Monte Carlo Simulation
– 100 simulations of all of Canada
– 20 CBM-CFS3 projects
– ~ 1 month, ~10 PC’s, ~1 TB of results 

Varied disturbance data:
– fire (+/- 10%), 
– harvest (+/- 10%), 
– insects (+/- 25%) andinsects (+/ 25%), and 
– deforestation (+/- 38%)

Varied biomass increment
– +/- 50%



Analysis

Varied some litterfall, decay and C transfer 
parameters

Analysis

• Assumed triangular distribution for uncertain 
variables

• Most variables were assumed to be 
independent



Managed Forest Ecosystem Production

Litterfall = 681 Mt 
C yr-1

Net Growth 
=127 Mt C yr-1

Rh = 738

NEP = 71 
Mt C yr-1

D = 68 Mt

NBP = 2 
Mt C yr-1

NPP = 
809 Mt C 

yr-1

GPP

Ra D Transfers 97Rh  738 
Mt C yr-1

D  68 Mt 
C yr-1

Ra

Growth and Inventory Data
Model Parameters
Activity Data and Impacts Values are averages 1990-2008 Period

(Stinson et al., in prep)

D Transfers 97 
= Mt C yr-1

Ecosystem Production with Uncertainty
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(A.2) Net Growth
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(B) Heterotrophic Respiration (Rh)
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(C) Net Ecosystem Production (NEP)
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(E) Net Biome Production (NBP)
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(D) Disturbance Emissions 
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(D.1) Disturbance Transfers
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• Typically, 95% CI is 
~+/- 14 Mt C

Sink
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Source • Equivalent to LFL 
total CO2 reporting 
valueSource

Sink

value
• +/- 53 Mt when 

expressed as CO2e 
(p=0.05) 

• ~7% of total GHG 
emissions in Canada 
(2007)

Reporting Value 2008 Estimate Uncertainty

I) FLFL Total - CO2 -23861 ± 50107

I.1) FLFL Annual Processes - CO2 -201986 ± 45336

I 2) FLFL I di t i i f t l di t b 43003 9236

Uncertainty for reporting values

I.2) FLFL Immediate emissions from natural disturbances -
CO2

43003 ± 9236

I.3) FLFL Immediate emissions from harvesting - CO2 135301 ± 2536

II) FLFL Total - CH4 3870 ± 777

II.1) FLFL Immediate emissions from natural disturbances 
- CH4

3317 ± 712

II.2) FLFL Immediate emissions from harvesting - CH4 553 ± 148

III) FLFL Total- N2O 2400 ± 480III) FLFL Total N2O 2400 480

III.1) FLFL Immediate emissions from natural disturbances 
- N2O

2060 ± 443

III.2) FLFL Immediate emissions from harvesting - N2O 340 ± 103

IV) LFL Total - CO2 -837 na1

Etc.



Issues in Interpretation

• Probability distributions used in the MC 
simulations are uncertainsimulations are uncertain

• Some variable parameters may be correlated, or 
differently correlated that what we assumed

• Some model parameters were held constant
– Disturbance impacts
– Soil Carbon initialization– Soil Carbon initialization

Uncertainty estimates area also uncertain

Conclusions

• Only brief guidance provided for uncertainty 
estimates based on modelsestimates based on models
– No specific mention of uncertainty due to errors in input 

data
• Uncertainty due to model structure (~bias) is 

difficult to quantify
– Can be approached by model intercomparision and 

validation
• Uncertainty due to model parameters (~precision) 

can be quantified with MC simulation
– Computationally intensive



Uncertainty is a property of our minds, not of nature

Our minds interpret probability-based statements very badly

Issues in Interpretation

• Probability distributions used in the MC 
simulations are uncertainsimulations are uncertain

• Some variable parameters may be correlated, or 
differently correlated that what we assumed

• Some model parameters were held constant
– Disturbance impacts
– Soil Carbon initialization– Soil Carbon initialization

Uncertainty estimates area also uncertain





Biases
• Optimism bias

– Over-estimate likelihood of 
positive events, under-estimate p ,
the likelihood of negative events

• The overconfidence effect

– Answers rated as “95% certain” 
are true only about 50% of the 
time (both experts and non-
experts)experts)

• Confidence heuristic

– People are more likely to believe 
confident estimates, over those 
that turn out to be accurate

CFS Carbon Accounting Team

Werner Kurz, Graham Stinson, Greg Rampley, 
Eric Neilson, Carolyn Smyth, Mark Hafer, Gary 
Zhang, Michael Magnan, Cindy Shaw, Stephen 

Kull, Scott Morken
Pacific Forestry Centre (Victoria, BC)

Northern Forestry Centre (Edmonton, AB)

Caren Dymond, Qinlin Li
BC Ministry of Forests and Range (Victoria, BC)



http://carbon.cfs.nrcan.gc.ca

Contact Information:

Juha Metsaranta: jmetsara@nrcan.gc.ca

Biomass Estimation Uncertainty

Merchantable Volume

Growth and yield 
models (province)

Merchantable Volume 
(m3/ha) yield curves

Above-ground biomass byAbove ground biomass by 
component

Below-ground biomass by 
component

Li et al



Forest Inventory Uncertainty

• Error is up to 60% for some attributes and is not 
compensatory (Thompson et al. 2007)

• Low correspondence between inventory and 
d i i i (Pi l 200 )ground species composition (Pinto et al. 2007)

Forest Inventory Cover Polygons CBM-CFS3Attributes

Spatial Units

Spatially 
referenced

Canada Carbon Program

• Scaling up flux-tower measurements to the 
landscape

• Model intercomparisons• Model intercomparisons
– CBM-CFS3
– ECOSYS (Z.Wang & R.Grant – U of Alberta)
– Can-IBIS (D.Price – CFS)
– InTEC (A.Govind & J.Chen – U of Toronto)

32

– C-Class (A.Arain – McMaster U)
– 3PG (R.Hember & N.Coops – UBC)

• Focus on 2 Fluxnet-Canada Research Network sites
– Chibougamau (Quebec, Boreal Shield)
– Oyster River (British Columbia, Pacific Maritime)



Canada Carbon Program

• Oyster River study
– First phase of research now in press                            

(Trofymow et al Forest Ecology & Management)(Trofymow et al., Forest Ecology & Management)
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Comparisons with flux tower estimates

• Oyster River study
– First phase of research now in press (Trofymow et al., Forest Ecology & 

Management)
• Chibougamou study• Chibougamou study
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• Inventory-based modelling (CBM-CFS3)
• Process-based modelling (BEPS/InTEC)

National-scale comparisons

• Inversion modelling (NOAA Carbon Tracker)
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