ﬁ CORE Metadata, citation and similar papers at core.ac.uk

Provided by International Institute for Applied Systems Analysis (IIASA)

’ ﬁ International Institute for
- Applied Systems Analysis

[1TASA wwwiiasa.ac.at

The Role of Russia's Terrestrial
Biosphere in Bottom-up/Top-down
Emissions Accounting

Barrett, K.

IIASA Interim Report
July 2006



https://core.ac.uk/display/33899542?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Barrett, K. (2006) The Role of Russia's Terrestrial Biosphere in Bottom-up/Top-down Emissions Accounting. IIASA Interim
Report. Copyright © 2006 by the author(s). http://pure.iiasa.ac.at/8073/

Interim Report on work of the International Institute for Applied Systems Analysis receive only limited review. Views or
opinions expressed herein do not necessarily represent those of the Institute, its National Member Organizations, or other
organizations supporting the work. All rights reserved. Permission to make digital or hard copies of all or part of this work
for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial
advantage. All copies must bear this notice and the full citation on the first page. For other purposes, to republish, to post on
servers or to redistribute to lists, permission must be sought by contacting repository @iiasa.ac.at


mailto:repository@iiasa.ac.at

g International Institute for Tel: +43 2236 807 342

Applied Systems Analysis Fax: +43 2236 71313

" Schlossplatz 1 E-mail: publications@iiasa.ac.at

[1ASA A-2361 Laxenburg, Austria Web: www.iiasa.ac.at
Interim Report IR-06-024

The Role of Russia’s Terrestrial Biosphere in
Bottom-Up/Top-Down Emissions Accounting

Kirsten Barrett (123kika@gmail.com)

Approved by

Sten Nilsson
Deputy Director and Leader, Forestry Program

24 July 2006

Interim Reports on work of the International Institute for Applied Systems Analysis receive only
limited review. Views or opinions expressed herein do not necessarily represent those of the
Institute, its National Member Organizations, or other organizations supporting the work.






Contents

aa b W N -

FOREWORD

INTRODUCTION

UNCERTAINTY AND SIGNAL DETECTION
FULL CARBON ACCOUNTING

SIBERIA-II
5.1 NPP
5.2 Heterotrophic Respiration

5.3 Disturbance
5.3.1 Fire
5.3.2 Biotic Disturbances
5.3.3 Abiotic Disturbances
5.3.4 Human Consumption

5.4 Lateral Fluxes

RUSSIAN FULL CARBON ACCOUNTING
6.1 NPP
6.2 Heterotrophic Respiration

6.3 Disturbance
6.3.1 Fire
6.3.2 Biotic Disturbance
6.3.3 Abiotic Disturbance
6.3.4 Human Consumption
6.3.5 Wetlands, Grasslands, and Shrubs

6.4 Lateral Fluxes

COMPARISON OF SIBERIA-II/RUSSIAN FCA DATA

7.1 Net Primary Productivity

7.1.1 Comparison of FCA and Russian Long-term SIBERIA-II NPP

7.2 Heterotrophic Soil Respiration

7.2.1  Comparison of FCA and Russian Long-term SIBERIA-II HR

7.3 Net Ecosystem Productivity

COMPARISON WITH ATMOSPHERIC INVERSION MODELS

CONCLUSIONS

REFERENCES

COoowow®m oo T A N 1 1

=
o

o
& 5

L
AAAMBRRW

=
a1

H
= Ol
o

17

18
19
21
22

16

17



Abstract

International accords such as the Kyoto &tot that seek to regulate greenhouse gas
emissions on a global scale necessitat¢hous sufficiently robust to account for
uncertainties in emissions tda Any detection of changes in carbon emissions must
account for such uncertainties to concluivdetermine when emissions reductions
have occurred. When used in combioatiground-based (bottoop) assessments of
carbon emissions and atmospheric inversradels (top-down) are powerful tools for
reducing uncertainties and verifying fluxtiezates. Because top-down methods cannot
differentiate between different ecologicptocesses or human-induced fluxes, it is
important that emissions accounting consider carbon fluxésto to properly verify

flux estimates. This study compares two such comprehensive bottom-up evaldations
the Russian Full Carbon Accounting (FCA) and SIBERIA-II full greenhouse gas
accounting projects. Carbomufl estimates from the terrestribiosphere are compared

in terms of mean values and uncertainties. The Russian FCA and SIBERIA-II estimates
are found to be internallyoasistent, with a few exceptions. Top-down data may be
used to further reduce uncertainties and verify flux estimates.



Acknowledgments

The author would like to thank the IIASA Forestry Program, especially Matthias Jonas,
Anatoly Shvidenko, lan McCallum and DarmeKnorr. Mykola Gusti was especially
helpful with draft revisions and data checking. Special thanks to Sam Ratick for
checking the statistical calculations. Finally, thanks to the YSSP program organizers
and the American National Member Orgati@a (US NMO) who sponsored the author
during her stay at IIASA.



About the Author

This report is the result of the authoparticipation in IAS\’'s 2005 Young Scientist
Summer Program. The author was supexvisy Matthias Jonas, Anatoly Shvidenko,
and lan McCallum of th€orestry Program.

Kirsten Barrett graduated from Simon's Rock College of Bard with a BA in
Environmental Studies in 1998, and earnedMah in Geography and certificate of
Remote Sensing and Spatial Analysis from the State University of New York at Albany
in 2003. She is currently a doctoral studenthi@ Clark University Graduate School of
Geography. The title of her thesis isffiécts of Land-Cover Ginge on Terrestrial
Carbon Uptake and Stge in the SouthwesteBrazilian Amazon”.

Vi



The Role of Russia’s Te rrestrial Biosphere in
Bottom-Up/Top-Down Emissions Accounting

Kirsten Barrett

1 Foreword

This report addresses the need for cmnlg bottom-up and top-down data in
greenhouse gas emissions accounting, spetyficatbon. Currently, the need to ‘close

the gap’ between bottom-up and top-down flux estimates is gaining the increasing
support of the scientific comumity, if not yet recognized by policy-makers. The need
for bottom-up/top-down accounting will undeese the importance of full greenhouse
gas accounting in the next few years (&r2005). While the relevance of a bottom-
up/top-down, or ‘dual constnrat,” approach to verification is gaining acceptance,
obstacles remain that prevent the use of bottom-up and top-down data together within
the framework formalized in the Kyoto Protbc The guidelines of the Kyoto Protocol
have yet to require the full greenhougms accounting that is necessary for
implementation of the dual camngint approach. By dividing the biosphere into those
parts that will be accounted for in termsgreenhouse gas fluxes and those that will
not, the Protocol allows for partial greenheugas accounting that cannot be verified
using top-down data.

This study of uncertainties in carbon acdmg for Russia provides an important link
with other projects housed at IIASA incladi the Greenhouse Gas Initiative (GGI). To
date, the GGI activity has focused primaly scenarios of greenhouse gas fluxes and
their uncertainties over the long term. On a shorter time scale, factors such as
compliance with international emissions reductions accords gain importance and
accounted emissions replace ssimns projected under mediuto-long-term scenarios.

This activity seeks to outline the uncertaiatessociated with emissions accounting in
the short-term.

2 Introduction

Understanding regional carbon budgets (pools and fluxes) is fundamental to
implementation of policie such as the Kyoto Protocol that seek to manage the amount
of carbon steadily accumulaginn the atmosphere. The reliability of a regional carbon
accounting framework depends on many facteuch as data quality, appropriate
methodology, and reliable model§uncertainty. This stydoutlines how uncertainty is
manifest in two regional carbon accting schemes, and indicates how such
uncertainties may be reduced in combination with additional datasets. The purpose here
is to provide a preliminary assessmentuatertainties inherent in the two accounting
frameworks, not to definitively quantify these uncertaintiesiovo as a static property

of the accounts.

The first of the two carbon accounting schene be evaluated is a flux-based full
carbon accounting (FCA) framework for RussRussian forests account for 23% of the



global growing stock (Shvidenko and Nilss@903), nearly 95% of which are boreal
(Shvidenkoet al., 1996). As such, these forests apasidered a significant factor in
global carbon cycling, and estimation of fluxestween the terresf biosphere and the
atmosphere is an important goal for botfiggemakers and the global change scientific
community. The accounting of the FCA is bottom-up in nature, meaning that they are
based on observations or statistical survey®wéstrial processes such as net primary
productivity, disturbance and teeotrophic respiration. Uncertainty has been included
as part of the FCA as a caéil component of signal detean in emission changes. The
ability to detect changes in emissions is central to policies seeking to enforce emission
reductions (Guptat al., 2003; Jonas and Nilsson, 2004).

The second carbon accounting framework is that of the SIBERIA-II project, a
collaborative effort still ongoing at the time of writing this report to fully quantify
greenhouse gas emissions ¢(CQO, CH, N;O, and NQ) for the region of Siberia.

This project uses both a flux-based approach as well as an ecosystem model, though the
former is the focus of this evaluationygn its commensurability with the Russian FCA
approach. The SIBERIA-II project usesmi-empirical observation data as well as
some remote sensing data to quantify the amount of carbon emitted to and sequestered
from the atmosphere by the terrestrial biosphere.

The combination of these two bottom-up flux-based approaches yields an initial
estimate of the uncertainties contained therein. Top-down data from atmospheric
inversions are another independent source of information that will aid in uncertainty
reduction by providing an adobnal constraint. Althouglthe two approaches address
similar fluxes to estimate the carbon budgetsthfluxes were calculated using different
methodologies as well as different datasets. The two bottom-up accounting approaches
plus top-down models providaree valuable (although nftlly independent) methods

for the estimation of carbon fluxes between the terrestrial biosphere and the atmosphere
and the uncertainty inherent in each approach.

3 Uncertainty and Signal Detection

As initiatives such as the Intergovernmental Panel on Climate Change (IPCC) focus on
stabilizing greenhouse gas emissions over libng term, shortand medium-term
strategies will provide the intermediate steps towards “safe” levels. Uncertainty
assessment is a necessary component of short-term measures such as accounting for
Kyoto Protocol-type emissions reductions peogs. The uncertainties that such short-

term accounting entail are different in natén@m those present in any projection. The

first are amplified over the long term and contribute to increasing overall uncertainties

at longer time scales. Constraining shomtrteuncertainty, therefore, is important in

terms of implementing long-term goals and constraining long-term uncertainties.

In order to definitively ascertain a chanigecarbon emissions, it is necessary for the
difference to outstrip the uncertainty (whichn, in a first-order approach, be safely
assumed to be equivalent to that of the baseline year). In this context, statistical
significance is not synonymous with detectability of emission changes. The
detectability of the signal depends on the signal-to-uncertainty ratio, rather than the



statistical statement that emissions measured or estimated at the outset and target year
have changed (Jonas and Nilsson, 2004). Thibecause the statistical approach
measures the significance of the diffece between the two measurements, while a
signal-to-uncertainty ratio reflects thdynamics in the uncertainties underlying
emissions estimates.

Signal detection in emissions changes takes three forms: preparatory, midway, and
retrospective (Jonagt al., 2004). In the preparatory phase, the emissions of a country
are calculated and a target for emissions reduction some time in the future is specified.
At this point, the critical relative uncertainty (Figure 1) is calculated to determine the
critical target, or the point at which a retion in emissions outstrips the uncertainty of
emissions estimates. It is generally assumed in preparatory signal detection that the
path between the baseline and target years is a straight line and the path of historical
emissions is not takento consideration.

+Net Emissions
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Figure 1: lllustration of the Dettion Time (DT) concept (from Jonastal., 2004):
The absolute change in emissions outstrips uncertainty at a) £ Draffter
the assessment to establish compliance under international agreement; b) DT
= tp, or at the exact time of the assessment; and c) R« before the time
of the assessment.

Midway signal detection is an attempt to incorporate, in addition to uncertainty,
information on the path of emissions betwaée baseline and target year. In this
process, the dynamical moments of the curve are considered, which indicate whether or
not it is possible for the system to achieve target specified from preparatory signal



detection. Midway signal detection magalincorporate information from emissions
prior to the accounting period to determine more accurately the context of emissions
changes.

Retrospective signal detemti will become more important when countries seek to
determine their achievements in emissions reductions as per international agreements.
Before accounting for changes in carbon,is first necessary to determine the
detectability of changes or their statistical significance. If the change in emissions does
not meet the requirement that it exceeds the uncertainty associated with measurement, a
country cannot be considered to havenpbed with its commitment. Part of the
measured emissions reduction will be allocated to satisfying this first requirement.
Once the uncertainty has been accountedtfa,necessary to determine that a country

has reduced emissions by the target amogAntisk factor that the country has not met

its target must be agreed upon, and then the amount by which a country must have
reduced its emissions is recalculated (Gillenwett@f., 2004). Countries will therefore

have to undershoot their target emissitmachieve the reduction commitment both to
meet the detectability requirement and to ensure that emissions have indeed decreased
by the target amount given the uncertainofythe measurements in the baseline and
target years.

It is clear from the above discussion tkaecifying uncertainties in carbon accounting

Is central to implementation of emissions reduction policies, and will only increase in
importance as such policies come into effect. Uncertainty reduction will directly reflect
upon the extra emissions reduction that a couwtliyhave to achieve to comply with

its commitments based on the need for undershooting.

4 Full Carbon Accounting

If we seek to assess carbon budgets in tehibeir uncertainty, we must be able to
verify flux calculations. Bottom-up flux estimates can be verified using top-down data
from atmospheric inversions, provided thmith procedures are measuring the same
thing. Top-down flux estimation begins witheasurements of carbon concentrations in

the atmosphere and combines these observations with atmospheric transport models to
determine the source of the observed dkix This end-of-the-line approach for
evaluating carbon fluxes necessarily includes both anthropogenic and natural sources,
and cannot distinguish between differenblegical processes that generate carbon
fluxes to the atmosphere. Therefore, idesrto be commensurabléth top-down data,
bottom-up measurements must account focatbon fluxes, regardless of the source.
Only full carbon accounting estimates aradidates for verification using top-down

data (Jonas and Nilsson, 2004).

Current Kyoto Protocol guidelines do noguére full carbon accounting. The biosphere
is hence divided into Kyoto (the portion okthiosphere to which the Protocol pertains)
and non-Kyoto portions (Jonas and Niss 2004). The partial carbon accounting
permitted under current guidedis cannot be verified using top-down methods because
of data incommensurability. Rel carbon accounting may serveuvaidate models of
carbon cycling, buterification can only be accomplished with two directly comparable,



independent quantitatvestimates of carbon fluxes as in full carbon accounting. Only
in the context of a verified account can ertainty be a known quantity. Validation
serves to confirm uncertainties that have been identified from the data variability,
without comparing them to an independernineate. In this sense, only verification can
provide an estimate of the ‘real’ uncertéés. Moreover, the potential effect of
disregarding uncertainty under the Kyoto Bomt is that ultimately two countries may
report the same rediien of carbon emissions, and though one may have markedly
greater uncertainty, both are considermpliant under current Kyoto guidelines
(Guptaet al., 2003).

It is likely that as time progresses towards the point where emissions changes must be
accounted for, the importance of full greenfogas accounting will be recognized by
policy-makers. The reason is that the esndn resulting from different uncertainties

will make compliance with emissions reductions commitments unclear. At present an
incentive exists to have greater emissions uncertainty, which make it more likely that
the reduction requirement il fall within the uncertainty bounds of calculated
emissions changes. Uncertainty will only be penalized if an independent review panel
finds the reporting data problematic. Uneerty must be incorporated in a more
systematic way to ensure that emissions reductions commitments are indeed met.

Both of the datasets reviewed below represent spatially explicit, bottom-up flux-based
full carbon accounts. The first is a full greenhouse gas accounting framework for the
Siberia region. The second expands the gmwdc focus to all of Russia, but is
restricted to carbon accounting. These datametparticularly impdant in light of the

large carbon sink believed to exist in thethern extratropical regions of Eurasia and
North America (see Figure 2 for sj@ extent of botldatasets).

5 SIBERIA-II

The SIBERIA-II project is a multi-sens@pproach to full greenhouse gas accounting
for the region of Northern Eurasia, funded by the European Commisdiorsitu
observations from forest inventories atembined with global dynamic vegetation
models as well as remosensing data to quantify carbon pools and fluxes. Two
different approaches are used simultaneotsstyetermine the full carbon account in the
region — both a process-based ecological model as well as a flux-based framework.
The flux-based approach is the focus of tlkigort, as it is commensurable with the full
carbon account for all of Russia.

Any full carbon accounting framework must nssarily be exhaustive in its monitoring

of carbon pools and fluxes, as wad#l temporally continuous (Steffenal., 1998). The

full carbon budget, therefore, can only be approximated by current methods. Any
portion of the full carbon aotint cannot provide an accteaestimate of uncertainties

in isolation. The need for integration of data is highlighted in the SIBERIA-II full
carbon accounting philosophy. It is necegstm combine all available information

from remote sensing, inventory data and ecological and atmospheric models to gain the
most accurate characterization of the full carbon budget (Nis®n 2004a).



Russian FCA and SIBERIA-II Study Regions

SIBERIA-Il Study Region
W Russian FCA Study Region

by
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Figure 2: The two study regions, both encasging part of the Northern Eurasian
boreal forests, believed to be grsficant sink of atmospheric carbon.

The fluxes calculated in the SIBERIA-II project are spatially hierarchical. Initidiéy,

region is divided into polygons consttad from homogenous regions of vegetation
type determined by soils, land cover and fonegentory class. The fluxes calculated at

the polygon level are then aggregated to the ecological zone (polar, tundra, taiga
temperate forests, steppe, and desert), then to administrative units (oblasts) and finally
to the entire Siberian region. This timed allows the calculation of greenhouse gas
fluxes aggregated spatially while maintaining the more spatially detailed information
used in flux calculations. Most of the information on calculations and estimates in this
section was obtained from Nilssetal. (2004a), unless otherwise specified.

The flux-based approach of the SIBERIApHoject seeks to quantify the carbon fluxes
between the terrestrial ecosystem, atmospnHehosphere, and hydrosphere in the form
of net biome productivity (NBP):

NBP = NPP —HR-D — L

where NPP is net primary proction, HR is heterotrophic spiration of soil and above
ground dead organic matter, D is the carllares caused by disturbances, and L is
lateral fluxes to the hydrosphere anchdisphere (Figure 3). The algorithm used
includes: (1) a baseline inventory approg@),ntroduction of envbnmental indicators

for estimating the basic indicators of the FCA (NPP and HR), and (3) the use of some



elements of process-based modeling.e Daseline was calculated for 1999-2003 by

defining major indicators of the full genhouse account, calculated for each polygon,

aggregated by land classes inside each ecoregion, and then to administrative units, and

finally for the whole region.
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5.1 NPP

NPP was estimated separately for forested lands and other classes. In the case of
forests, NPP is the product of empirical misdef growth and pductivity. Baseline
models of biological production were déwged using models of phytomass dynamics
from 3507 sample plots collected for the region (Shvidegtkal., forthcoming). A

growth model was then developed by combining phytomass dynamics information with
a Chapman-Richards (Richards-Chapmamwgn function. Models of biological
production were developed by dominant tree species, site indexes and ecological
regions. The models comprise age dynamics of both ecosystems’ phytomass by seven
fractions (stem wood over bark, barkpwn wood, foliage, understory, green forest
floor, and roots) and NPPThis database provides thesbine semi-empirical reference
information on growth and productivity of Northern Eurasia’s forests used in the NPP
calculations.

For all other classes such as agriculture and non-forested lands, the average NPP
densities were calcukd by land cover, and then extrapolated for each polygon by
multiplying by the area of the polygon.

The source for this data is outlined in Shvidemkal. (2001), wherein a statistical
method is combined with semi-empirical mtsdas a basis for the calculations. The
database, consisting @blygons and their respectiy@oductivity attritute data, was
created at IIASA from data measured inremthan 3000 test plots. For agricultural
lands and grasslands, the physs® stock was assumed to be equal to NPP. This is a
valid assumption as the life cycle of thgdants is annual. For other land use/land
cover classes NPP was estimated by multiplying the average value from test plots by the
area occupied by the class.

5.2  Heterotrophic Respiration

Heterotrophic respiration in ith project is the sum of soil respiration and fluxes from
the decomposition of coarse woody debii$eterotrophic soil respiration is calculated

by multiplying the specific density of spiration by the area of the polygon. The
specific density was derived from a datab@éserganova, 2003: Tables A5 and A6).

Averages for land use/land cowdasses and ecological zones wesed as a control.

Decomposition of coarse woody debris (CWD) was estimated for forest land based on
the amount of CWD and modifying coeffits according to ecological zone. The
estimate was then multiplied ltlye area of the polygon.

53 Disturbance

Disturbance fluxes from the I&ria region are calculated féorest fires, biotic and
abiotic factors. Decay of detritus calculated for three different pools fast (on-
ground litter), medium (wood residualstivdiameter at thin end 8 cmd> 1 cm; d =
diameter), and slow (d > 8 gmThese pools are assigneefiiwients of decay for each
ecological zone where they occur.



5.3.1 Fire

The direct fluxes from fire are a functiaf the area burned, the storage of forest
combustibles (t/ha of dry matter), a conversion from dry matter to carbon units (0.5 for
forest combustibles, 0.45 for other vegetaticaar)d a coefficient foconsumed forest
combustibles during the fire.

Post-fire carbon fluxes were also estimated for decomposition of incombustible (dead)
matter, post-fire mortality, and changesthe content and structure of soil organic
matter.

5.3.2 Biotic Disturbances

Three primary types of biotic disturbanca® evaluated in the SIBERIA-II projeet

insects and diseases that aezounted for in official stistics, insects and disease
outbreaks that occur outside these areas in forests classified as healthy, and impacts of
wild fauna. The calculations for biotic disbance fluxes are the result of collaboration
between the Moscow State Forest University and IIASA’s SIBERIA-II team.

For areas that are identified as affected by insects or disease in official statistics, the
carbon flux is calculated as a function o# tamount of phytomass per hectare, the area
affected by insects or disease, and mortality expressed in terms of the percent of
growing stock volume for the respectiyghytomass component, type of damage,
dominant (forest) species, yeandaspatial unit ohggregation.

The impact of wild fauna is based on the nundfeanimals in specific groups, and their
respective daily consumption of phytomassdpecified phytomass component.

5.3.3 Abiotic Disturbances

In addition to those fluxes from fire anuiotic disturbances, abiotic disturbances,
including air pollution, industrial land-as conversion, and ua¥orable climatic
conditions are considered by the SIBERIA-II project. The effect of these factors
considered in the analysis is only that of mortality — degradation of living species is
not evaluated.

Official statistics for these abiotic dishance factors are either incomplete or non-
existent, so the study relies on special surveys and partial studies.

5.3.4 Human Consumption

Consumption of agricultural products a®ll as harvested vegetation phytomass on
grass- and shrub lands is estimated by statistical data from agricultural yield.

Two fluxes of carbon from vegetatidrarvest are included in the study those that

occur due to the destructive effects of logging and those caused by the decay of wood
products. The methods used are dbsd in more detail in Shvidenks al. (1996),
Obersteiner (1999) and Nilssenal. (2000).



54 Lateral Fluxes

Fluxes of carbon to the lithosphere anddiogphere are calculated as the average
amount of carbon transported from unit area for each polygon. These data were derived
from the Land Resources of Russia-BDM (Stolbovoi and McCallum, 2002).

6 Russian Full Carbon Accounting

The Russian FCA project seeks to construct a full carbon account for all of Russia, with
a focus on policy-relevant information, esgmlly uncertainties in flux calculations.
Uncertainty information became a focud the project after its inception, and
uncertainty is integrated as part of the prbjddncertainty is defined within the context

of the FCA as “an aggregation of insuiincies of system outputs, regardless of
whether these insufficiencies result fromaagl of knowledge, the intricacies of the
system, or other causes”. The FCA usetsopo-up measurements of input data based
on inventories andn situ data. As in the SIBERIA-II project, a spatially-explicit
approach facilitates the linkage of disparate datasets such as those used to calculate
carbon fluxes (e.g., forest inventories,ilsomaps, and information on terrestrial
vegetation production).

Full Carbon Accounting is preferable to Partial Carbonodiating (provided for in the

Kyoto Protocol) because the latter leaves unconsidered fluxes that are important to the
carbon cycle. When combining bottom-up carbon accounting information with top-
down observations from atmospheric inversion models it is impossible to partition the
fluxes to individual terrestrial component Therefore, full carbon accounting is
necessary in the interests of verifiability of flux estimates.

The flux concept of the Russian FCA project is illustrated in Figure 4. The vegetation
and soil carbon flux balances are calculasda function of the input fluxes indicated

by flux arrows. Hence in the case of vigen, carbon flux is calculated as a function

of NPP, divided into consumption, disturice, and litter fluxes. Soil carbon flux is
calculated as the sum of flux balanceétier and humus soil ecoponents minus lateral
fluxes to the hydrosphere and lithosphere. The approach is similar to the flux-based
approach of the SIBERIA-II project, withftBrences occurring at levels below that of
fluxes in terms of such factors as dittance and input data used to create flux
estimates (Table 1). All information regarding calculations and estimations is
referenced in Nilsso&t al. (2000) unless otherwise indiedt while the data come from
IIASA’s Land Resources of Russia €®OM (Stolbovoi and McCallum, 2002).

6.1 NPP

The Russian FCA project, like the SIBERIAgIoject, divides NPP into fractions from
forests, non-forest natural veggon, and agriculture. In the case of forests, a database
used for NPP assessment was created fybservations on 1600 sample plots. The
initial dataset wasdeveloped by Bazilevich 1093), and supplemented with
measurements from the 1990s (e.g., Karelia., 1995; Goweet al., 1994; Schulzet

al., 1999). NPP was measured on these plowrdit to three aggregated fractions

total green parts, above-ground wood, and below-ground parts.
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Table 1: A comparison of the methods usedaltulating the aggregated fluxes in the
Russian Full Carbon Account and SIBERIA-II projects.

FCA Method SIB-Il Method
Vegetation NPP— litter — disturbance— NPP— heterotrophic respiration-
Carbon consumption disturbance— lateral fluxes
NPP
_ Y|gld Statistics from Administrative NPP density by land cover class * area
Agriculture Units, converted to C content by crop
. of polygon
fraction
Derived from State Forest Account, Embirical model of arowth and
Forest converted into C content by phytomass pincal 9
: productivity
fraction
Other Natural Measured data for natural vegetation =~ NPP density by land cover class * area
Vegetation community (AGB and BGB) of polygon
Disturbance
Attribute of land cover DB, statistical Area estimation * amt C stored in
Fire data on annual fire frequency and burneccombustibles * coefficient of consumed

area forest combustibles

C flux estimated for woody decay
(empirical coefficient of stem decay to
all tree wood)

Statistical data on area of outbreaks

Insect invasion . T
converted into C@emission

Abiotic . Air pollution, industrial conversion,
: Not Available L o

disturbance unfavorable climatic conditions

Human Attribute of land cover DB, statistical Fluxes from logging site effects and

data from agricultural yield and forest  those caused by decay of wood

Consumption - 1vest by administrative oblast products

Heterotrophic Respiration

Attribute of soil DB, measured annual  Specific density accoidg to ecological

HR of soils CO, emission zone * area of polygon

Derived from measured NPP data Fluxes due to decomposition of CWD *
Decomposition  according to land cover type, divided intoarea of polvaon P
AGD and BGD Pobd

Lateral Fluxes Same data used in both projects

Models of growth do not incorporate infoation on changing environmental conditions
which may include C fertilization, N deptien, and effects from climate change.
These effects, however, are estimated to be of peripheral importance to the calculations
based on other studies thatdeessed the phenomena directlyhis is true because
while NPP may increase due to changing emmental conditions, the effect on NEP is
likely to be smaller due to increasessiil respiration (Shvidenko and Nilsson, 2003).
Anthropogenic effects, in the form of didbances that affect productivity (increases

due primarily to fire in areas of permafrastd decreases due mostly to conversion of
forest areas to industriddnd) and wetland arheration were estimad in order to
improve the accuracy of NPP estimates.

To reduce uncertainty in NPP estimationjradtependent estimate wanade using State
Forest Account data from 1993 and a modegmfss stem growth on forested areas.
The crown growth was estimated from phytomass models for branches as a function of
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stem growth. This estimate calculdtannual above-groundomd NPP 8.5% higher

than the GIS-based estimate, which was considered acceptable for validation
(Shvidenkoet al., 2001). An unquantified uncertainty is also expected to result from
assumptions regarding the NP fine roots, as there isonsiderable debate on the
longevity of this phytomass component and its contribution to aggregated NPP.

For non-forest naturategetation, NPP (kg C fyr') was measured in both above
ground and below-ground fractions. In theak&ulations, NPP is a function of the land
class, phytomass fraction (ste bark, crown, foliage, rost understory, green forest
floor), and vegetation type, multiplied by the area occupied and a coefficient of carbon
content (0.50 for woody parts, 0.45 foregn parts) (Stolbovoi and McCallum, 2002).
Averages were then used to apihigse calculations to the entire region.

In the case of cropland and pasturedpashe SIBERIA-II calculations, the production

was assumed to be equal to phytomass, given the annual life cycle of plants in
agricultural systems. The agricultural yield statistics were provided by administrative
units and then converted to C contenthyp fraction (Stolbovoi and McCallum, 2002).

As in the case of non-forest natural vegetation, averages were calculated to extend the
calculations to the entire region.

6.2  Heterotrophic Respiration

Carbon fluxes from heterotrophic soil regpion for Russia are calculated both forLCO

and CH. Emissions calculations are based on soil areas derived from a Russian soils
map and mean daily fluxes excluding live root and microbe respiration. The number of
biologically active days, or days with mean daily temperature greater than 0° C, was
calculated by Leemans and Cramer (1991).

Carbon dioxide is calculated as the sum of the mean daipye@(ssions for each soil
type multiplied by the number of days with mean daily temperature above 0° C by soil
type and the soil type area.

In the case of CkH the calculation is similar to GQ@alculations without the number of
days with mean daily temperature above 0° C.

6.3 Disturbance

The disturbance flux calculations for the Russian FCA are similar to those for the
SIBERIA-II project. The total carbon flux talculated as the sum of direct fluxes from
disturbances, post-disturbance fluxes from fes years, and fluxes that result from
post-disturbance site restoration and regrowth. The vétuedirect fluxes and post-
disturbance fluxes depend on the type, stiermtd scale of the disturbance, conditions
under which the disturbance occurs, and typecosystem affected. The disturbances
considered in the Russian FCA are firervieat, biotic and abiotic disturbances.
Additionally the study includes an estimate of disturbances of wetlands, grasslands, and
shrubs.
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Similar to the SIBERIA-II project, the Russian FCA calculated the decay of three
detritus pools (fast-, medium-, and slow-dengy which are assigned coefficients for
each ecological zone (see section 3.3).

6.3.1 Fire

Direct fire emissions and post-fire emissiomere estimated in the same manner as in
the SIBERIA-II project (see sectigh3.1) (Shvidenko and Nilsson, 2000a, b).

6.3.2 Biotic Disturbance

For biotic disturbances, estimates of fluxes were made based on available statistics,
publications and fragmentary data.

6.3.3 Abiotic Disturbance

Abiotic impacts were assessed from data for specific regions and expert estimates due to
the lack of complete surveys. The amountafbon released due to abiotic factors was
estimated, and fluxes from fire, harvestedod, increased coarse woody debris pool,

and landfills were subtracted from the age to yield the estimate from industrial
pollution, land-use change, and anbrable climatic conditions.

6.3.4 Human Consumption

Only the site-located impacts of industrtzrvest are considered in the FCA. The
harvest components included in the analyme decomposition of harvest residuals,
post-harvest mortality, and isaespiration. The emissionare calculated based on
average annual harvests.

Forest products were addressed using aragpaodel designed by Obersteiner (1999)
that accounts for stocks and fluxes of Russian forest products. The model is comprised
of the transformation ofndustrial wood into consumpti goods and their residence
time in the consumption sector. Fuelworsdconsidered separately from industrial
wood products. Fluxes from forest products #re sum of fluxes from historical and
current use of forest products. Fluxegirtuelwood consumption are calculated as the
combined fluxes from commeat and residential fuelwood.

6.3.5 Wetlands, Grasslands, and Shrubs

Fluxes from disturbances on wetlands, sgtands, and shrubs include fire and
consumption by domestic livestock and wild fauna. These were calculated in the same
way as fire estimates (Shenko and Nilsson, 2000a, b).
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6.4 Lateral Fluxes

Fluxes to the lithosphere and hydrosphere were estimated as a function of underground
and surface runoff and leaching (hydrogsefeand humificationand mineralization
(lithosphere).

In the case of fluxes to the hydrosphere, flirsocollected by rivers and transported out

of the terrestrial system. The runoff data ftom the database ofeasured data of
river transport of dissolved organic carbas well as suspendgrrticulate vegetation
(Stolbovoiet al., 2005). This data was associatath watershed boundary polygons of
the first, second and third levels. The rime discharge is the sum of surface and
underground runoff. Leaching contributestbtd underground runoff and a deep leak
component. The latter is calculated as the fraction of underground runoff that is
subjected to deep leakage into the lithosphere.

For fluxes to the lithosphere, humification is calculated by coefficients for different
vegetation zones. These coefficientgre produced for underground detritus by
Grishina (1986). Mineralization is &ad on the relationship between humus
mineralization and tempature, also observed by Grishina (1986).

7 Comparison of SIBERIA-II/Russian FCA Data

The SIBERIA-II and Russian FCA data are commensurable in a general sense, though
they span different spatial and temporal extents. The Russian FCA flux data cover the
period from 1988 to 1992. The SIBERIA-II data are used to calculate a long term flux
estimate (about a 40-year average froma #arly 1960s to 2003). The long term
estimaté is then corrected for climatic (growing) conditions for 2003 to produce flux
estimates for that year. The SIBERIA-II region covers ~20% of the total area of the
Russian FCA (see Figure 2). For the purpadethis study both regions are stratified

by the bioclimatic zone. This method of separating aggeegfluxes will show how

the ecological processes that determine mbshe carbon fluxes in the region differ
according to climatic and vegetation classd®th datasets spavarious bioclimatic
regions, and such heterogeneity is hypottezsito contribute to the uncertainty of
aggregated flux estimates. This study examines the two largest vertical fluxes of carbon
between the terrestrial biosphere and dbmosphere, namelyet primary production
(NPP) and heterotrophic resgicm (HR), the difference bewen which is equal to net
ecosystem productivity (NEP).

The bioclimatic zones used in the analysis not exhaustive of the categories found in

the study regions, though they cover mostthe area. Some categories were not
directly comparable, or werot important in terms of carbdluxes (e.g., water). The
classes used to stratify the flux data; southern taiga, middle taiga, northern taiga, steppe,

! The NPP data of the Russian FCA were taken from the vegetation map on lIASW'Reaources of
Russia CD-ROM (Stolbovoi and McCallum, 2002), while the HR data were taken from tees@D
map. In the case of the vegetation map, it must be kept in mind that it reflectd Vegeiation, which is
characterized by natural plant communities and thieihropgenic modifications. Potential vegetation is
shown for agricultural land with the exception of oases” (Stolbovoi, 1998).
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temperate forest, and tundra; are the aaieg for the most straightforward and
meaningful comparisons can be made. Even within this stratification some significant
variation exists that may affect the resulting uncertainty analysis. For example, the
SIBERIA-II region is divided into four categories of tundra that had to be combined to
be commensurable with the Russian FCA classification, which only has one tundra
category.

Another issue regarding data commensurability is that of the time period observed. In
the case of SIBERIA-II, long-term flux data are available for the period from about
1960 to 2003. For the Russian FCA project, the data span the period from 1988 to
1992. This may lead to some disagreats between the flux calculatiochbpwever it

is still possible to gauge the uncertainties present in both datasets based on a direct
comparison.

7.1  Net Primary Productivity

The first aggregated flux agory is area-averaged carbon fluxes from NPP in Kg°C m

yr'! (Table 2). In the SIBERIA-II project, NPP is derived from biological production
models of aggregated above-ground woody biomass, below-ground, and green parts
fractions. For the Russian FCA, NPP was estimated from field observations of the same
components. Information on the distributionNPP values is available for the Russian
FCA and SIBERIA-II long term data, though not for 2003. Area-weighted standard
deviations and variation coefficients are therefnot available for the latter. All of the
SIBERIA-II 2003 NPP estimates fall within orstandard deviation of the long term
SIBERIA-II data. The SIBERIA-II NPP estimates disagree with the Russian FCA data
(1988-1992) in one bioclimatic zone (seect®n 7.1.1), demonstting the general
consistency of the different accounts. The disparities between the Russian FCA and
long term SIBERIA-1I data are discussed below.

7.1.1 Comparison of FCA and Russian Long-term SIBERIA-Il NPP

Comparing the Russian FCA and long term SIBERIA-II NPP estimates, we see that in
five of the six bioclimatic zones the mean flux values of estimates fall within one
standard deviation of the commson dataset. The fact that the means of all but one
bioclimatic category are withione standard deviation @hother is understood to
signify that the two independent bottom-up carbon flux estimates are largely consistent.
Steppe, the case in which the estimates disagree (means are not within one standard
deviation of each other), exhibits large areas that are used agriculturally. However, the
FCA data are characterized by potential vegetation in the vegetation map on IIASA’s
Land Resources of Russia CD-ROM (cboknote 1), which can be considered as a
major difference for explainintnis particular difference.

2 \We assume here that there are no significant differences between the fluxes in the tenot diiffie
periods studied, though this may not always be accurate. For example, the Norilsk Metallurgical
Combine is a large-scale mining effort, extracting ei@dnd other minerals. The mine has contributed to
significant decline of forests in the region and is responsible for significant ongoing envirahment
degradation (Shvidenko, 2005).
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Table 2: Comparison of the mean valusgndard deviations (SD), and variation
coefficients (VC) of carbon flles from net primary production for
SIBERIA-II and Russian FCA, ttified by biodimatic zone.

NPPKgC m?yr™
SIB-II SIB-lI SIB-II
FCA Long- SIB-Il | FCA | Long- Long-
1988-1992 n term n 2003 SD |[term SD| FCA | term
Mean |(min—max)| Mean | (min—-max)| Mean | (68%) | (68%) VC VvC

Southern 2410 5679

Taiga 0.26 (0.00-1.27) 0.31 (0.00-0.79 029 | 0.21 010 | 0.80 0.34

Middle 6593 3232

Taiga 0.21 (0.00-1.27) 0.24 (0.00-0.61 0.26 | 0.15 010 | 0.69 0.43

Northern 2553 2949

Taiga 0.17 (0.00-1.27) 0.14 (0.00-0.44 0.22 | 0.08 0.09 | 047 0.63

2100 31

Steppe 0.86 (0.00-1.79) 0.50 (0.00-1.19 045 | 0.24 023 | 0.28 0.46

Temperate 1692 617

Forest 0.36 (0.00-1.79) 0.32 (0.00-1.01 0.32 0.11 0.13 0.32 0.39

4214 1487
Tundra 0.13 (0.00-1.00) 0.08 (0.00-0.36 0.12 0.08 0.06 0.67 0.76

within 2 Standard

Deviations

7.2 Heterotrophic Soil Respiration

Heterotrophic soil respiration is the carbomxffrom respiration of micro-organisms in

the soil that are not connected with the root matter of plants, as well as those fluxes
from the decomposition of coarse woody debris. The SIBERIA-II long-term and 2003
HR estimates agree for each bioclimatic zalemonstrating the internal consistency of

this accounting approach (Table 3). Thenparison of heterotrophic respiration flux
estimates for Russian FCA and SIBERIA-II data shows four bioclimatic zones for
which the datasets are in agreement (mean values are within one standard deviation of
the comparison dataset)}- southern, middle, and nortimetaiga; and steppe. The
differences are discussed below.

7.2.1 Comparison of FCA and Russian Long-term SIBERIA-Il HR

All of the mean SIBERIA-II long-termHR carbon flux estintas are within one
standard deviation of those of the Russian FCA. This is due to consistency of estimates
as well as the broad distributions of FCA estimates (variation coefficient (VC) min =
0.32, max = 1.09). Two mean flux estimates from the FCA do not agree with the
SIBERIA-II estimates. The variation coefficient for SIBERIA-Il VC is smaller than
that of the FCA for these categories, whichyrhave contributed to the exclusion of the
Russian FCA mean values.

The number of samples from the SIBERIA-II temperate forest flux estimate is
considerably smaller than that of the FGA<617 anch = 1692, respectively), which
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may have constrained the variabiligf the estimate (VC
respectively). The smaller number of samptegartly because of constraints of the

data collection and also reflects the fact that Siberia is a subregion of the Full Carbon
Account for Russia.

0.41, VvC

= 0.53,

Table 3: Comparison of the mean valusgndard deviations (SD), and variation
coefficients (VC) of carbon fluxedrom heterotrophic respiration for
SIBERIA-II and Russian FCA, ittified by biodimatic zone.

HRKgC m?yr?
SIB-II
SIB-II Long- SIB-lI
FCA Long- SIB-Il | FCA | term Long-
1988-1997 n term n 2003 | SD SD FCA | term
Mean |(min—-max) | Mean | (min—-max)| Mean |(68%) | (68%) | VC | VC

Southern 2410 5679 d

Taiga 0.23 (0.00-0.80) 0.23 (0.00-0.79) 019 | 0.25| 0.06| 1.09 0.24

Middle 6593 3232 ]

Taiga 0.17 (0.00-1.27) 0.18 (0.00-0.61) 0.18 | 0.12| 0.07| 0.72 0.38

Northern 2553 2949 ]

Taiga 013 | 000127 % |(0.00-044) 007 | 0:07| 006 052 059

2100 31 y

Steppe 0.38 (0.00-1.79) 0.30 (0.00-1.19) 032 | 0.12| 0.14| 0.32 047

Temperate 1692 617 ]

Forest 0.40 (0.00-1.79) 0.22 (0.00-1.01) 015 | 0.21| 0.09| 053 041

4214 1487
Tundra 0.12 (0.00-0.50) 0.06 (0.00-0.36) 0.02 | 0.11| 0.05| 0.96 0.83

within 2 Standard

Deviations

Tundra is a problematic class because it represents an aggregate of different bioclimatic
zones in the case of SIBERIA-II data, which had to be combined to be comparable with
the FCA data. The tundra category displays similar characteristics to the temperate
forest flux estimates. The number of samples for the SIBERIA-II estimate, while much
greater than the temperate forest estimate, is still much smaller than that of the Russian
FCA (h = 1487 anch = 4214, respectively). The variati coefficient demonstrates that

the variability for this bioclimatic zone reat (VC = 0.83 for SIBERIA-II, VC = 0.96

for the FCA).

7.3  Net Ecosyste m Productivity

The amount of carbon sequestered by theeséiial biosphere and not returned to the
atmosphere via heterotrophiespiration is known as net ecosystem productivity, or
NEP. This is a valuable measure becauskorasequestration is @harticular interest

in Northern Eurasia, which is believed lte a sink of atmospheric carbon. The NEP
calculations reflect the disagreements between the SIBERIA-II and Russian FCA
accounting schemes in different bioclimatic zones. The inconclusiveness of NEP
estimates indicates that the NPP and HR estimates are not directly comparable at the
disaggregated scale of bioclimatic zones (see Table 4).
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Table 4: Net ecosystem productivity, dhe difference between net primary
productivity and heterotrophic respiration, according to Russian FCA and
SIBERIA-II flux estimates.

NEP [NPP-HR ] FCA 1988-1992 Mean SIB-Il Long-term Mean
Southern Taiga 0.03 0.08

Middle Taiga 0.04 0.06

Northern Taiga 0.04 0.04

Steppe 0.48 0.21
Temperate Forest -0.04 0.10

Tundra 0.01 0.02

In the case of steppe, the two estimatesgdesaas to the magnitude of the flux (0.21
Kg C m? yr! according to SIBERIA-II data, 0.48 according to the Russian FCA). As
discussed above, this may be due to dbwial-versus-potential vegetation difference
underlying the NPP data.

The more striking disagreement between the two estimates is for temperate forest,
which actually disagree as to the sign of the flux (-0.04 Kggynt for the FCA, 0.10

Kg C m? yr' according to SIBERIA-Il estimates). The disagreement reflects the
difference between the two estimates, the FCA being based on potential vegetation and
SIBERIA-II using actual vegetation. Thi@consistency certainly warrants further
investigation, as it is a central questiogarling carbon uptake in Northern Eurasia.

8 Comparison with Atmospheric Inversion Models

The combination of bottom-up and top-dowmeasurements is a useful method for
evaluating and reducing uncertainty irrhman flux estimation. Using two independent
measurements of the same phenomenon is tetnee@ual constraint approach.” This
is the only appropriate method for the fiedtion of carbon flux estimates (Nilsseh
al., 2004b).

Top-down methods require ground-based measants to constrain their atmospheric
inversion models. Using frequentist Bayesian probabilities to constrain a cost function,
inversion models incorporate prior estimabésluxes from fossil fuels and models of

the ocean carbon cycle and the tsinial biosphere (Roedenbeekal., 2003, Tarantola,
1987). In this way, bottom-up @aare particularly useful ireducing the uncertainty of
top-down data. In this repprhowever, the potential dbp-down data to evaluate
uncertainties in bottom-up data is of greater concern.

Atmospheric inversion data for the Russi@gion are available from Le Laboratiore
des Sciences du Climat eEfvironnement at the Commissariat a L’'Energie Atomique
(CEA) in France. Atmospheric observations are currently available from 17 sites in the
region, primarily from air flasks measuredides weekly (see Figure 5). Most of the
sites were established 997 and 1998 or in the early 2000s (see Table 5). Only two
sites have data going back further thars gperiod, which means that the historical
dataset is likely to be sparse. The namhioncertainty of these data is ~0.05 ppm
(Rivier, 2005).
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Figure 5: The constellatioof atmospheric observationtes that provide top-down
data used in atmospheric inversion models of carbon fluxes to the
atmosphere (coordinates provided byherd Rivier of Le Laboratiore des
Sciences du Climat etBnhvironnement at the Commissariat a L'Energie

Atomique (CEA) in France).

Table 5: Locations of atmospheric obsematsites shown in Figure 5 and the years
for which observations of atmospheric £€»ncentration.
CODE SITE LONGITUDE LATITUDE START END
bia Byalistok 22.72 53.53 2002 2005
bsc Black Sea Coast 28.68 4417 2004 2005
che Cherskii 161.30 68.80 2002 2005
kzd Sary Taukum, Kazakhstan 75.57 44.45 1997 2005
kzm PlatealAssy, Kazakhstan 77.88 43.25 1997 2005
nov Novosibirsk 83.00 55.00 1997 2003
obn Obninsk 36.60 55.11 2004 2005
pal Pallas 24.12 67.97 2002 2005
shm Shemydslands Alaska 174.10 52.72 1985 2005
sur Surgut 73.00 61.00 1993 2003
syk Syktyvkar 50.80 61.70 1998 2005
tvr Tver 32.92 56.47 1998 2005
ubs Ubs-Nur 95.58 51.48 2002 2005
ulb Ulaanbaatamiongolia 106.00 47.40 2004 2005
uum Ulaan Uul, Mongolia 111.10 44.45 1992 2005
yak Yakutsk 130.00 62.00 1997 2003
zot Zotino 89.60 61.30 1998 2005
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The top-down data will be used to evaluate how well the bottom-up methods performed
in terms of calculating total fluxes of carbtinthe atmosphere. Because top-down data
cannot discriminate between flux-inducing psses, the individual components of the
bottom-up accounts cannot be verified using top-down data. \Mkiesion data can
indicate uncertainty in bottom-up accounts, tremeealso factors thabntribute to error

in top-down data that should be considered (Hetak, 2003). First, the configuration

of observation sites may not be optimal fotireating fluxes from a particular region.

The coverage is improving as more sites become available, but as the network is still
sparse (e.g., only one site, Zotino, is locate8iberia), inversions from this time period

will have greater uncertainty related to future estimat&gcond, there are multiple
methods of performing atmospherversions to estimate fluxedt is advisable to use
time-dependent methods, or tse meteorological obsations from the same time
period as flux observations rather thalyirgg on yearly/seasonally average conditions
(Roedenbeclet al., 2003). Finally, model specifitan and prior fluxes are factors
which affect the effectivenesd the inversion model.

In summary, top-down data are an invaleatool for verifying full carbon accounts
such as the SIBERIA-II and Russian FCA projects. While the top-down data are not
objectively “true,” they represent an indepent measurement of carbon fluxes with
lower uncertainty than most bottom-@ecounting methods. The limitation of top-
down measurements is their low spatial resolution. Bottom-up accounts are more
suitable for smaller spatial scales, whaémospheric measurements become more
reliable with increasing spatial resolution. $xgh they can provide us with an estimate

of the uncertainty present in bottom-up full carbon accounts at a regional scale such as
Siberia or Northern Eurasia. While top-down data cannot telibasit uncertainties
within the individual components of allficarbon account (e.g., NPP, disturbance,
lateral fluxes), they can be used tonstrain the amount of carbon that bottom-up
methods estimate is emittéalthe atmosphere.

9 Conclusions

The importance of uncertainty considesas in greenhouse gas emissions accounting
cannot be underestimated. The failureKybto Protocol-type emissions reductions
programs to systematically address unaetyawill contribute much confusion to
emissions accounting. Under the current framework, it is impossible to assess which
countries are compliant with their emisns reductions commitment within a given
confidence interval and which are not. Ttheatment of all uncertainties as equal will
lead to inconsistencies in the way emissions reductions commitments are enforced.

The results of this study indicate thtae bottom-up full carbon accounting data for
Russia are generally consistent between the Russian FCA and SIBERIA-II projects, at
least for fluxes from net primary produdtiv and heterotrophic respiration. Because
these data ostensibly account for all terraltregetation-based fluxes, they are directly
comparable with top-down flux estimatesrratmospheric inversions. Further work

will indicate how well the two accountingaimeworks compare with top-down data,
which will be used to verify bottom-up flux estimates.
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As more data become available, further comparisons will be possible. For example, it
will be useful to compare the accountiftgmeworks for the same time period, which
may Yyield better agreement for some bioclimatic zones. Also, it was not possible to
compare all flux categories at this time, due to limited data availability. Fluxes from
disturbance may show considerable vasiatgiven the different time periods evaluated
and the different methods used. Finally, if the bioclimatic zones could be further
disaggregated to evaluate carbon fluxes faifferent types of tundra, it is likely that

the two approaches would showttee agreement for this zone.

The general agreement of the two accounting approaches, even for different time
periods, indicates that d¢mn fluxes from NPP and HR can be estimated with
reasonable uncertainties. While this study is not an exhaustive comparison of the two
accounting frameworks, it is a beginning frevhich to approach such a comparison as
the necessary data become available.
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