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A B S T R A C T 
 

Comprehensive carbon stock and flow accounts integrated with economic information, under an environmental- 

economic accounting framework, provide a common approach for an information system to improve policy- 

making for climate change mitigation, sustainable development and forest management. The information system 

includes environmental and economic data, linkages between land use activities, their co-benefits, inputs to the 

economy and benefits for human well-being. Forest management was used as an example of application of the 

accounting framework because it has the greatest climate change mitigation potential of all land use activities. A 

case study developing carbon accounts for a forest region in south-eastern Australia demonstrated the mitigation 

benefits of long-term carbon storage and sequestration in native forests. Using environmental-economic accounts 

helped identify policy and market instruments required to value ecosystem services of carbon storage and se- 

questration by applying a potential market price for carbon. We identified benefits of native forest protection as 

a carbon abatement activity, and compared this value to that of current forest management for timber harvesting 

that reduces carbon stocks. Both land uses provided similar economic contributions (approximately $12 million 

yr−1, using a minimal carbon price), but native forest protection has additional co-benefits of improving water 

yield, tourism, recreation and biodiversity conservation. The accounts determine values of land use activities in 

physical and monetary metrics, and link these to beneficiaries of ecosystem services, so that maximum benefits 

for public good are identified. Quantifying ecosystem services of carbon storage (protecting stocks) and se-  

questration (increasing flows) in a native forest region, by applying a potential market price, broadens the policy 

options for mitigation activities. Adopting a comprehensive accounting system, and changing some of the de- 

finitions and rules under the Paris Agreement and national emissions reduction policies and markets, would  

allow the mitigation benefit of protecting native forests to be realised. 

 
 

 
 

1. Introduction 

 
Evaluating changes in stocks and flows of carbon is critical for un- 

derstanding sustainability of ecosystems, dependency of economic ac- 

tivities on the carbon cycle, and impacts of emissions on the climate. 

Comprehensive carbon stock and flow accounts integrated with eco- 

nomic information, as described in the System of Environmental- 

Economic Accounting (SEEA) (UN et al., 2014a,b), provides a common 

approach for carbon accounting, enhancing the  information  available 

for policymaking and public understanding of sustainable development, 

climate change mitigation and forest management. A case study is used 

to identify policy options for long-term sequestration and storage of 

 
carbon in the land sector (vegetation and soils). Accounting for carbon 

in ecosystems and the economy allowed an integrated analysis, con- 

tributing to current investigations about interactions of climate change 

with global and national economic policies (McKibbin et al., 2017), 

thus enabling better decision-making about trade-offs between en- 

vironmental and economic impacts. The integrated environmental and 

economic accounts also mean that costs of mitigation and risks asso- 

ciated with climate change can be assessed and spread across society 

and over time. 

Human activities in the land sector are causing changes in the global 

carbon cycle and hence contributing to climate change. Land use, land 

use change, and forestry (LULUCF) currently contributes about 10% of 

 
 

 



 

 

 

global greenhouse gas (GHG) emissions as CO2, and about 25% in- cluding 

CH4 and N2O, but 35% of the total accumulated anthropogenic GHG 

emissions (Houghton et al., 2015). Approximately 33% of current 

anthropogenic emissions are removed by terrestrial ecosystems, mostly 

forests (Grassi et al., 2017). Including land use in the United Nations 

Framework Convention on Climate Change (UNFCCC) has been  com-  

plex and controversial, particularly because of methodological issues. 

Within the global carbon budget, uncertainty in carbon stocks and flows 

is highest in the land sector (Friedlingstein et al., 2014). These un- 

certainties are compounded by conceptual issues with accounting rules, 

for example, definitions of additionality, leakage, permanence, base- 

lines, and anthropogenic versus non-anthropogenic emissions (Ap- pendix 

D) (Grassi et al., 2017; Griscom et al., 2009). Projected LULUCF emissions 

vary greatly depending on policy  scenarios  and  ecological and socio-

economic constraints (Grassi et al., 2017). However, coun-  tries 

implementing their Nationally Determined Contributions (NDCs) clearly 

expect a key contribution from LULUCF, particularly forests. Mitigation 

potential of the land sector is approximately 25% of total emission 

reductions planned in the combined NDCs to 2030 from the Paris 

Agreement (UN, 2015). 

Maintaining terrestrial carbon stocks by reducing losses from land  

use is critical for climate change mitigation. Achieving this mitigation 

potential will require reducing uncertainties in data, improving trans- 

parency in reporting, and tracking progress toward achieving nations’ 

individual targets. Much work remains in the post-Paris Agreement 

negotiations to develop and revise methodologies for monitoring and 

reporting on emissions reduction targets, especially in the land sector. 

We suggest that expanding the accounting and reporting of carbon  

stocks and flows in alignment with the SEEA will contribute  sig-  

nificantly to achieving the UNFCCC goal of maintaining temperature 

increases below 2⁰C, and even 1.5⁰C (IPCC, 2018). This goal means 

stabilising atmospheric CO2 concentrations below 450 ppm (requiring a 

limit of cumulative emissions of 790 Gt C_eq, of which 565 Gt C_eq has 

been emitted) (Le Quéré et al., 2016; Steffen et al., 2017). Alignment of 

the reporting under the Paris Agreement with the SEEA will enable 

improved understanding of comprehensive carbon stock changes  and 

the economic costs and benefits of land use change, which then provide 

decision makers with more complete information. 

SEEA provides internationally standardised guidelines for environ- 

mental-economic accounting comparable with the System of National 

Accounts (SNA) (European Commission et al., 2008) and demonstrates 

the interrelationships between the environment and the economy. SEEA 

provides a common information system to support multiple policies and 

integrated decision-making, and allows monitoring of policy effects 

over time. Both ecosystem service assessments (Ruckelshaus et al., 

2015) and the SEEA (Vardon et al., 2016) help make resource planning 

more transparent and inclusive, but are underutilised in policy. Appli- 

cations are emerging, ranging in scale from global climate change mi- 

tigation targets under the UNFCCC and Sustainable Development Goals 

(SDGs) (Goal 13 Climate Action and Goal 15 Life on Land: UNDP, 

2015), to national NDC targets, and regional natural resource man- 

agement planning (Keith et al., 2017, Medrilzam, 2017, Remme et al., 

2015). Efficiencies can be achieved by using the same concepts, 

methodologies and data sources for reporting on all these targets, as 

well as elucidating interrelationships and common objectives among 

policies. 

The importance of ecosystem services for maintaining sustainable 

development and human well-being is  gaining  greater  acceptance 

(Ruijs et al., 2017). However, quantifying  ecosystem services in terms     

of spatial distributions and trade-offs remain challenging (Palacios- 

Agundez et al., 2015; Spanò et al., 2017). Trade-offs in quantitative 

spatial and temporal terms are fundamental for natural resource deci- 

sion-making and understanding these is a major tenet of the Millennium 

Ecosystem Assessment (MEA, 2005). 

This study aimed to demonstrate how synthesising data in en- 

vironmental-economic accounts could translate scientific and economic 

information in a policy-relevant manner to inform land management 

decisions regarding sustainability and climate change mitigation. Our 

overarching goal was to incorporate this new understanding of carbon 

accounting within the SEEA into national legal frameworks and 

UNFCCC international rules for GHG inventory and emissions reduction 

policies. 

Carbon accounting for UNFCCC reporting has concentrated on flows 

and emissions reduction during the Kyoto Protocol. However, it is re- 

cognised now that meeting the Paris Agreement goal of stabilising the 

atmospheric CO2 concentration to achieve a temperature increase  

below 2 °C will require additional CO2 removals, as well as rapid 

emissions reduction (Gasser et al., 2015). Storage and sequestration of 

carbon are critical mitigation activities for avoiding emissions and in- 

creasing removals of carbon, which also have multiple co-benefits (Erb  

et al., 2017). Forest management, including avoided harvesting and 

restoration, provides a useful example of the application of the ac- 

counting framework because it has the greatest climate mitigation po- 

tential of all land use activities. However, confusion persists about the 

relative benefits of specific activities to increase sequestration and re- 

duce emissions (Griscom et al., 2017; Hieke et al., 2018). The in- 

formation presented in accounts can help address this issue. 

To investigate the potential for SEEA accounts to inform climate 

change mitigation policy about magnitudes and uncertainties of carbon 

stocks and flows under forest management, we used a case study of 

comprehensive carbon accounts for a forest region in south-eastern 

Australia. This was part of a larger assessment that examined a range of 

environmental assets and the services they provide (Keith et al., 2017). 

Forest management in this region for either wood production or con- 

servation is controversial with respect to their relative climate change 

mitigation values, as well as other values, and currently is undergoing re-

negotiation (Lindenmayer, 2018). Hence, this was a useful case study to 

examine the benefits of information presented as SEEA accounts to 

inform this policy question. The specific questions addressed in the case 

study to elucidate the relative values of different land uses for climate 

change mitigation included: 

 
(1) What is the current carbon stock in the target region, incorporating 

environmental variation, land cover and land use, and disturbance 

history, in a spatial accounting framework? 

(2) What is the difference in current carbon stock due to different forest 

management systems? 

(3) What would be the historical difference in carbon stock if forest 

harvesting had not occurred, calculated using actual data that 

conform to the accounting approach of retrospective analysis about 

what has happened? 

(4) What would be the projected change in carbon stock comparing 

future scenarios about what will happen under ‘additional activ-  

ities’ required for emissions reduction policy, that is, if current  

forest harvesting ceased and land management was changed from 

production to conservation? 

(5) What is the economic trade-off between carbon storage for climate 

change mitigation compared with the timber provisioning service 

from native forests or plantations? 

 
Our study demonstrated the feasibility and benefits of using en- 

vironmental-economic accounting. We describe the international policy 

context of both emissions reduction and environmental-economic ac- 

counting to explain the issues and gaps that this study aimed to address, 

and provide some specific examples from Australia. The Methods and 

Results sections, and the accompanying detailed Appendices, describe 

development and analysis of the carbon accounts. Application of ac- 

counting and related analyses have general implications as they can be 

used in any region and any scale. Our SEEA-based evaluation of forest 

management for carbon storage and sequestration was used to inform 

decisions about land use. The accounting allowed linkages and feed- 

backs among activities, their co-benefits, inputs to the economy and 



 

 

 

Table 1 

Comparison of existing accounting systems (SNA and NGGI) and proposed carbon stock and flow accounting system. 

Characteristics SNAa NGGI Australiab SEEA Carbon accountsc 
 

Structure Stocks and flows Net flows Stocks and flows 

Data coverage Economic activity Net CO2 emissions Carbon stocks and stock changes 

Metrics Monetary Physical Monetary and physical 

Geographic 

coverage 

Complete (all institutional units within a country) Incomplete (international transport not 

included) 

Potentially complete 

Spatial units Categories by activity  and State Categories by land use Spatial 

Time scale Annual and continuous Reporting by commitment periods Potentially annual and continuous 

Activity coverage All economic activities Net anthropogenic GHG emissions from 

‘managed lands’ for UNFCCC. Kyoto 

inventories are for elected lands and activities. 

All carbon stocks and stock changes 

Sectors and 

categories 

Standard International Industry Classification (e.g. 

agriculture, mining, energy) and sectors (e.g. public, 

private, not-for-profit) of all economic activities 

Activity classification of GHG emissions but 

need to demonstrate additionality of activity 

Industry and sector classification as per SNA 

Classification of land units by reservoirs 

(geocarbon, biocarbon, anthropogenic reservoirs) 
 

 

a European Commission et al. (2008). 
b IPCC (2014); DoEE (2015). 
c UN et al. (2014a,b). 

 

benefits for human well-being to be included in the information system. 

Trade-offs were revealed between land uses in achieving optimum 

mitigation benefits by maximizing carbon stocks. In the Discussion, we 

highlight opportunities for a common approach to carbon accounting to 

meet a range of policy needs by improving accounting methodologies in 

the SEEA. The results demonstrate the potential for analysing en- 

vironmental-economic trade-offs and we make recommendations about 

policy and market instruments required to realise the climate change 

mitigation potential of forest management. 

 
2. Current policy context 

 
Maximising use of scientific information in policy is hindered by 

three issues: (i) presentation of the scientific information, (ii) lack of 

integration with economic information, and (iii) existing rules and 

regulations within policy. SEEA has potential as an information system 

but is underutilised. Emissions reduction policy is not incorporating all 

options partly because of the information reported under the UNFCCC 

guidelines. Key characteristics of accounting systems are outlined in 

Table 1, which show that carbon stock and flow accounts align struc- 

turally with the SNA, and are complementary but additional to the 

current National Greenhouse Gas Inventory (NGGI) used in Australia 

(DoEE, 2015). Our case study of carbon accounting is from Australia, 

but the accounting systems being compared accord with the rules and 

guidelines from international organisations  (European  Commission 

et al., 2008; IPCC, 2014); hence the comparisons have global implica- 

tions. 

 
2.1. Emissions reduction policy 

 
The UNFCCC objective is to limit atmospheric concentrations  

(stocks) of GHGs to prevent dangerous anthropogenic interference with 

the climate system (Article 2, UN, 1992). Article 3  states  that policies 

and measures to deal with climate change should be comprehensive, 

cover all relevant sources, sinks and reservoirs of GHGs and adaptation, 

and comprise all economic sectors. Benefits of mitigation activities in 

terms of influencing the atmospheric carbon stock depend on  the 

carbon stock in the biosphere and the longevity of its storage. 

NGGI are the basis for assessing compliance with emissions reduc- 

tion targets, under the UNFCCC and Kyoto Protocol. NGGI use standard 

methodologies for estimating and reporting GHG emissions and re- 

movals (IPCC, 2014) and report on net flows of carbon by land use 

categories and human activities (DoEE, 2015). However, reporting net 

flows does not address fully the UNFCCC objective, which is defined in 

terms of stocks, that is, 450 ppm in the atmosphere. 

Carbon storage and carbon sequestration are ecosystem services 

from forests that mitigate climate change. The carbon storage service is 

the avoided loss of carbon, and the carbon sequestration service is the 

removal of carbon from the atmosphere. Carbon dynamics in the bio- 

sphere differ in fundamental ways from fossil fuel emissions in terms of 

their reversibility, stability, longevity, carbon density and variability 

(Ajani et al., 2013; Prentice et al., 2007; Rittenhouse and Rissman, 

2012). Ecological information about bi-directional gross flows, time- 

scales, spatial relationships with land cover and land use, processes 

driving change, impacts of disturbance, and characteristics of their 

original stocks is essential for understanding carbon dynamics. For 

example, emissions from stable stocks may be sequestered into tem- 

porary stocks that are balanced in the short-term, but cause an increase 

in atmospheric CO2 concentrations in the longer-term. 

Under the current reporting to the UNFCCC for the Kyoto Protocol 

(Article 3.4, UN, 2011), removals from forest  management  activities 

that are included in the NGGI cannot exceed 3.5% of the base year GHG 

emissions. This cap limits the carbon credits that can be gained from 

forest management activities, so that incentives for reducing fossil fuel 

emissions are not diminished. In the revised rules for carbon accounting 

under the Paris Agreement, the aspiration is that all forms of emissions 

reduction can be incentivised without offsetting one form against an- 

other, but negotiations are on-going beyond CoP 24 in late 2018 (UN, 

2018). 

In Australia, no market value exists for carbon storage and seques- 

tration in native forests because loss of carbon by harvesting is not 

considered a change in land use, and hence forest protection is not an 

approved abatement activity (Clean Energy Regulator, 2016). The value  

of carbon sequestration could be realised if market access was per- 

mitted under the Emissions Reduction Fund, which aims to achieve 

abatement at lowest cost (DoEE, 2017). Changing this national legis- 

lation is key to adopting the full suite  of potential  mitigation  activities  

in Australia. 

 

2.2. Environmental accounts 

 
SEEA is used increasingly – by over 50 countries (UNSD, 2016) – to 

inform decisions about natural resources, including land management 

decisions, environment reporting, and attaining the SDGs (UNDP, 2015; 

Vardon et al., 2017). The SEEA reveals contributions of ecosystems to 

the economy and human well-being, and incorporates previously un- 

recognised goods and services provided by the environment (UN et al., 

2014a,b). 

The SEEA Central Framework (SEEA CF) (UN et al., 2014a) accounts 

for changes of stocks in physical and monetary terms, but does not 

specifically include carbon. However, flow accounts for expenditure on 

environmental protection and physical air emissions are included. 



 

 

 

Emissions by industries and households are reported by type of sub- 

stance, including CO2 and other GHGs, and the money spent minimising 

emissions. Carbon accounts are included in the SEEA Experimental 

Ecosystem Accounts (SEEA EEA) (UN et al., 2014b) under three con- 

texts: (i) stock of carbon; (ii) indicator of ecosystem condition, such as 

net carbon balance and primary productivity; and (iii) flows of eco- 

system services, such as carbon sequestration and carbon storage. The 

carbon stock account in the SEEA EEA includes opening and closing 

stocks in three categories – biocarbon, geocarbon and fixed assets. 

Changes are classified as additions and reductions resulting from 

human or natural activities. 

The main issues in implementing carbon accounting to report on 

emissions reductions include: (i) defining baseline forest carbon stocks 

(or carbon carrying capacity) from which to determine net change in 

carbon stock, ideally primary or old growth forest; (ii) assessing  change  

in carbon stocks against this baseline, rather than the annual flow as 

carbon sequestration; (iii) quantifying risks of loss by disturbance; and 

(iv) distinguishing natural and human impacts. The challenge is how to 

use the longitudinal retrospective data in accounting to inform policy 

and scenarios analysis for emissions reduction. The information needed 

is current carbon stock, potential for change, processes that determine 

change, and impacts of disturbance. 

A key benefit of having carbon accounting implemented as part of 

the SEEA, is that both economic and environmental issues relating to 

climate change mitigation and adaptation can be seen within a com- 

prehensive framework. Thus changes in land use can be examined not 

just for changes in the stocks and flows of carbon but for other en- 

vironmental factors such water yield, erosion control and biodiversity 

conservation, as well as economic issues such changes to industry mix, 

income and profits, and cost of environmental protection. The combi- 

nation of both environmental and economic factors means that it is 

possible to assess the activities that provide the greatest environmental 

benefit at the least cost. Cost includes direct payments for environ- 

mental protection and management as well as net changes in income 

and profits across all industries. These broader issues are examined for a 

forest region in Australia in Keith et al. (2017). 

 

3. Methods 

 
3.1. Study region 

 
The study region was the Central Highlands in Victoria, Australia 

where management of forests for climate change mitigation and wood 

production conflict. The region (735,655 ha) is approximately 100 km 

north-east of Melbourne (Fig. 1a), consisting predominantly of native 

forest on public land, with about half currently managed for wood 

production and half for conservation, as well as areas of softwood and 

hardwood plantations on private land. These plantations are mono- 

cultures of either exotic pines or non-local eucalypts. Public land in 

Australia used for commercial native timber production is managed 

under Regional Forest Agreements, through government legislation 

(DAWR, 2016). The Agreement for the Central Highlands is currently 

being re-negotiated, hence the imperative to improve information sys- 

tems for decision-making. 

The wet temperate, evergreen forests include montane ash 

(Eucalyptus regnans, E. delegatensis and E. nitens) that are among the 

most carbon-dense in the world (Keith et al., 2009), as well as mixed 

species eucalypt forests. These forests are subject to disturbance by 

wildfires and logging. Forest age was determined from stand-replacing 

disturbance events, including high-severity wildfire that kills  montane 

ash forest and rainforest, and clearfell logging and slash burning of 

montane ash and mixed species forests. About half the area burnt in a 

major wildfire in 2009 resulted in stand replacement (Keith et al., 

2014a). 

3.2. Carbon storage and sequestration 

 
Carbon accounting under SEEA EEA is spatially based,  specifying  

land units tagged with land use history, baseline carbon stock, and 

calculated net annual emissions. Carbon stocks in biomass were mod- 

elled spatially across the landscape using site data of measured biomass, 

and spatial biophysical data, land cover and forest age. Annual changes  

in carbon stocks were calculated as additions due to tree growth; and 

reductions due to emissions from fire, collapse of dead standing trees, 

decomposition of dead biomass, and losses due to logging (Appendix 

A1). Changes in carbon stocks (1991–2015) were calculated based on 

disturbance history of fire and logging events. Projected changes in 

carbon stocks (2016–2065) were based on data for current  carbon 

stock, and historical data to derive functions of carbon dynamics in- 

cluding carbon accumulation with age for each forest type,  average  

stock reductions due to fire across the landscape, and due to logging 

under specific scenarios. 

Valuation of ecosystem services of carbon storage and sequestration 

used the price for carbon abatement projects of $12.25 per tCO2_e paid  

by the Australian Government Emissions Reduction Fund (Clean Energy 

Regulator, 2016). Carbon abatement in native forests in Australia cur- 

rently does not have a market because of government regulation, but  

this was used as a market price equivalent (Appendix A1 1.6). The es- 

timated value of the ecosystem service is equivalent to the revenue from 

production of goods and services. To calculate  the  Industry  Value  

Added (IVA), which is the contribution to Gross Domestic Product, the 

estimated expenses for managing the forest were deducted (Appendix 

A1 1.6). 

 
3.3. Timber production 

 
Various data sources were compiled to determine area harvested 

(ha), wood yield (m3 ha-1), and wood volume (m3 yr−1) for each forest 

type (native forest mixed species and montane ash, and plantation 

hardwood and softwood) and product type (sawlogs and residual logs) 

over time (Appendix A2). 

Valuation of the ecosystem service of native forest timber produc- 

tion used the reported stumpage value, representing the revenue from 

forest products less harvesting and haulage costs, and reported revenue 

and expenses to calculate IVA. Valuation of hardwood and softwood 

plantation production used a standard ratio of gross  value  of sales  to 

IVA in forestry to estimate the value of ecosystem services used in 

production (Appendix A2). 

 
3.4. Calculating trade-offs 

 
Changes in carbon stocks (1991–2015) were calculated due to ad- 

ditions from growth and reductions from combustion and decomposi- 

tion of waste material, wood product removal, and changes in age 

structure of the forest. Stocks were calculated for the total study area 

and disaggregated into areas logged, available for logging and un- 

available for logging. 

Trade-offs in terms of the impacts of management on carbon stocks 

were considered in the context of three conditions. 

 
(i) Current: represented as the difference in carbon stock density in 

the same forest type, in this case montane ash forest, between areas 

logged and unlogged. The average stock was calculated across the 

age distribution in each area. 

(ii) Historical: analysed as the counterfactual case with the difference in 

values of services if harvesting had not occurred. Carbon se- 

questration potential was represented by the difference in net 

change in carbon stock density between the areas logged and un- 

logged across all forest types. 

(iii) Future: analysed as projections of annual changes in carbon stock 

from 2015 for 50 years. 



 

 

 

 

Fig. 1. Central Highlands study  area. 



 

 

 

Spatial distributions of the ecosystem services of carbon storage and 

timber provisioning were derived from their physical metrics in relation 

to land cover, land use, forest type, forest age and environmental 

conditions across the landscape. These metrics were continuous vari- 

ables, range-normalised to derive indices between 0 and 1, and then 

combined to derive an interaction index showing areas of common 

highest values of both ecosystem services. The index was displayed as 

five classes on the map for ease of comparison. 

 

4. Results 

 
4.1. Carbon storage and sequestration 

 
Total carbon storage in the study area was 146 MtC in 2015, cal- 

culated from the sum of area (ha) of each land cover class multiplied by 

the  carbon  stock  density  (tC  ha−1)  (Table  B.1).  Distribution  of  carbon 

stock density across the landscape shows highest stocks in montane ash 

forest (Fig. 1b). 

Net annual change in carbon stock was calculated from 1991 to 2015 

(Table B.2), with an average value of 1.64 MtC yr−1 over 2011 – 2015. 

This represents the balance between additions due to growth and 

reductions due to combustion, decomposition and removal of stocks by 

timber harvesting. Positive net change represents the ecosystem service 

of carbon sequestration because CO2 is removed from the atmosphere 

and carbon is stored in the ecosystem. Negative net change, or emis- 

sion, represents contribution of the land use to GHG emissions. 

Reductions in carbon stocks were due to logging and fire. Gross 

reduction in carbon stock (1991 to 2015) due to logging was -14.2 MtC, 

compared with -3.4 MtC from all fires, and -2.4 MtC from the 2009 fire. 

Reductions from fires were re-gained within 5 years through seques- 

tration by the regenerating vegetation. 

Net change in carbon stock is the metric used in carbon accounting 

for the Emissions Reduction Fund (Clean Energy Regulator, 2016). 

Total value of the ecosystem service of carbon sequestration was $73.7 

million  yr−1  (averaged  over  2011–2015),  shown  for  each  land  cover 

type and time series from 1991 to 2015 (Table B.3). Different values, 

depending on national and international carbon prices, are shown in 

Table B.4. The IVA for carbon sequestration of $48.8 million yr−1 was 

derived from the income from carbon sequestration (Table B.3) and 

expenses in managing the forest (Table B.5). 

 
4.2. Timber production 

 
Native forest area, yield and volume harvested are shown from 1991 

to 2014 (Figs. B.1, B.2, B.3). Financial information summarising the 

operations of VicForests is shown for Victoria (Table B.6), and the 

Central Highlands study area (Table B.7). The wood volume supplied 

from  the  study  area  of  724,300 m3  yr−1  had  a  value  of  the  ecosystem 

service of $18.7 million and an IVA of $12.2 million (in 2013-14). 

Hardwood and softwood plantation areas and volumes of sawlogs 

and pulplogs harvested and their values are shown from 2004 to 2015 

(Table B.8). The gross value of sales from timber production, the re- 

source rent and IVA are shown for Australian plantation production 

(Table B.9) and the proportion in the Central Highlands study area 

(Table B.10). The wood volume supplied of 539,700 m3 had a value of 

the ecosystem service of $9.1 million and an IVA of $29.9 million (in 

2013-14). 

Spatial distribution of timber harvesting was recorded since 1932 

(Fig. 2). The nominal harvesting age is 80 years, although current 

median age of harvesting is 68 years (Keith et al., 2015). 

 
4.3. Time series of supply of ecosystem services 

 
Values of the ecosystem service and IVA of carbon sequestration 

were greater than that for timber provisioning from native or plantation 

forests (Fig. 3). The exception was the year after the 2009 wildfire due 

to emissions from combustion, but values increased the following year 

with regeneration. IVA for plantation forestry had an increasing trend, 

surpassing that of native forestry for the last four years. Wood volume 

produced by plantations is 75% of that from native forests, even though 

the area of land under plantations is 14% of that under native forest 

available for harvest, suggesting substantially greater intensity of  land 

use in plantations. 

 
4.4. Trade-offs between the use of ecosystem services 

 
Managing native forests for timber production decreases carbon 

storage due to combustion and decomposition of waste material, wood 

product removal, and reducing forest age. Carbon stocks and stock 

changes are defined by areas logged and burnt (Table B.11). Trade-offs 

between ecosystem services were defined by three conditions (Table 2): 

 
(i) Current: Unlogged forest had higher carbon stocks by 142.8 tC 

ha−1, valued at $6413 ha−1. The difference in carbon stock for the 

montane ash forest that had been logged was 8.76 MtC, worth 

$393 million. 

(ii) Historical:  Carbon  sequestration  potential  was  2.98  tC  ha−1  yr−1 

(averaged 1991–2015) (Table B.11). Total difference in carbon 

sequestration    was    0.344    MtC    yr−1    (2.98    tC    ha−1    yr−1    x 

115,421 ha  area  logged),  worth  $15.5  million  yr−1  in  ecosystem 

services and  $12.6 million yr−1 in IVA. 

(iii) Future: Difference in projected carbon stock over 50 years with 

logging (80.30 MtC) and without logging (96.78 MtC) was 16.48 

MtC (Fig. B.4), or 0.330 MtC yr−1 (1.13 tC ha-1 yr-1 x 291,607 ha 

area available for logging), worth $740 million over 50 years or 

$14.8 million yr-1 in ecosystem services and $12.0 million yr-1 in 

IVA. 

 
Slightly lower carbon sequestration projected into the future than 

that calculated for the past reflects the age structure of the forest, 

particularly increasing age of 1939 regeneration and hence lower rates   

of carbon accumulation. 

If native forest harvesting had not occurred in the past, or ceased to 

occur in the future, then $12.2 million yr−1 would be foregone in IVA 

from timber production. Historically, continued forest growth within 

this area would have resulted in gains in carbon sequestration of $12.6 

million yr−1 in IVA. In the future, if logging ceased now and new areas 

were not logged, the gain in carbon stocks would have an IVA value of 

$12.0 million yr−1. 

Areas of greatest conflict in the trade-off were identified from the 

spatial distributions of the ecosystem services of carbon storage and 

timber provisioning. This interaction index showed the areas with po- 

tential for conflict where land tenure is available for logging, forests are 

older, species are valuable for timber and have high carbon stocks 

(Fig. 4). 

 

5. Discussion 

 
5.1. Opportunities for carbon accounting to inform policy 

 
Our study demonstrates the benefit of comprehensive carbon ac- 

counts including stocks and flows in both physical and monetary me- 

trics, which can be developed over any spatial and temporal scale. Such 

accounting provides a common approach that can be used for a range of 

policy needs including climate change mitigation, sustainable devel- 

opment and forest management. This essentially reconciles the various 

accounts within the current SEEA CF and SEEA EEA, and thus has the 

potential to improve clarity and efficiency. SEEA accounting comple- 

ments and extends information currently reported in the national in- 

ventories under the UNFCCC and means additional indicators can be 

derived to address specific issues. 

Carbon accounts distinguish two ecosystem services: (i) carbon 



 

 

 

 

Fig. 2. Distribution of logging history in all forest types. 

 

storage – determined by net stock change compared with a baseline of 

the asset of carbon stock, and (ii) carbon sequestration – a flow as the 

rate of carbon uptake by terrestrial ecosystems (net ecosystem carbon 

balance) and removal from the atmosphere each year. Both ecosystem 

services need to be accounted for in emissions reduction policy and 

abatement activities. The linked physical and economic data in the 

accounts allows these ecosystem services to be directly linked to the 

economy. 

Comprehensive carbon stock and flow accounts directly address 

current issues for emissions reduction reporting (section 2.2). The ac- 

counting differentiates biocarbon and geocarbon, thus allowing specific 

policies and targets to be set for each, so that ‘offsetting’ of emissions 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 3. Value of ecosystem services (a), and industry value added (b). 



 

 

 

Table 2 

Change in carbon stock in each land management area under scenarios of with and without logging. 

Area 1. Previously 

logged 

Area 2. Available for logging Areas 1 & 2. 

Total area available for logging 

Difference 

unlogged - logged 

Area 3. Unavailable for 

logging 
 

Area – montane ash forest (ha) 

Current condition (2015) 

61,341 

logged 

143,718 

unlogged 

  
205,059 

 

C  stock  density  (tC  ha−1) 368.1 510.9      142.8   

Area – all forest types (ha) 

Historical condition 

115,421 

logged 

176,186 

unlogged 

176,186  291,607 

logged & 

291,607   441,130 

unlogged 

 

(1991–2015) 

Opening C stock 1991 (MtC) 
 

32.37 
 

24.94 

  unlogged 

57.31 

    
61.74 

 

Net change in C stock (MtC 25 

yr−1) 

−1.62 10.65   9.02    57.31  

Net change in C stock (MtC yr−1) −0.065 0.426  0.361     

Net change in C stock density 

(tC  ha−1yr−1) 

−0.56 2.42  1.24  2.98 over 

115,421 ha 

5.20  

Closing C stock 2015 (MtC) 30.75 35.58  66.33   79.38  

Future projection no logging no logging logging no logging logging  no logging  

(2016–2065) 

Opening C stock 2015 (MtC) 
 

30.75 
 

35.58 
 

35.58 
 

66.35 
 

66.35 

  
79.38 

 

Net change in C stock (MtC 17.35 13.08 −3.39 30.43 13.96  21.20  

50yrs−1)           

Net change in C stock (MtC yr−1) 0.347 0.262 −0.068 0.609 0.297  0.424 

Net change in C stock density 

(tC  ha−1  yr−1) 

3.01 1.49 −0.39 2.087 0.957 1.13 over 

291,607 ha 

2.41 

Closing C stock 2065 (MtC) 48.12 48.66 32.18 96.78 80.30  102.51 

 

from one by the removals in another would not be permitted if the 

qualities of the carbon stocks differed (Ajani and Comisari, 2014). 

Baseline carbon stocks are defined spatially and temporally in the ac- 

counts with land units tagged with land cover and land use, such that 

carbon carrying capacity can be defined for an old growth or primary 

forest. Carbon stock changes are calculated from annual additions and 

reductions. Land use history is used to determine losses from 

disturbance and to distinguish between impacts of natural and human 

activities. Separate supply and use accounts identify the economic ac- 

tivities causing these changes to carbon stocks and link to the national 

accounts. Abatement activities are assessed for their carbon sequestra- 

tion potential as the difference between the current carbon stock and  

the carbon carrying capacity. Transparent attribution of carbon stock 

changes provides information to determine compliance of activities 

 

 

Fig. 4. Spatial distribution of the interaction of ecosystem services of carbon storage and timber provisioning in the area with land tenure available for logging.  

Areas of highest values in red identify the ‘hotspots’. 



 

 

 

with emissions reduction targets according to the criteria of human- 

induced activities, additionality, leakage, and permanence. 

Research priorities for carbon accounting include: (i) assessing 

carbon stocks in the biosphere according to the quality of the stock in 

relation to longevity, stability, resilience and density; and (ii) quanti- 

fying the spatial variation of carbon stocks in vegetation and soil across 

the landscape and the associated balance between coverage and accu- 

racy (UNEP, 2017). 

 
5.2. Accounts reveal the mitigation potential of native forests 

 
The study showed clearly the mitigation benefit of carbon storage 

and sequestration in native forests compared to timber harvesting. This 

trade-off was analysed in terms of values of ecosystem services, both as 

actual changes that occurred in the past and as future changes projected 

under different management scenarios. 

Both native timber production and carbon sequestration contribute a 

similar value to the economy (about $12 million yr−1). The difference is 

that managing forests for carbon storage and sequestration provides 

additional benefits. Increased water yield would have a value of $2.5 

million yr-1  in  ecosystem  services  and  $8.1  million  yr-1  in  IVA  (Keith  

et al., 2017). Other benefits, as yet unquantified, include ecosystem 

services for culture and recreation and habitat for biodiversity. Hence, 

managing native forests for conservation maximises carbon stocks and 

enhances other ecosystem services. 

Analysing trade-offs using accounting allows land use options to be 

explored. In the study region, benefits were identified from transi- 

tioning away from native forest timber production and increasing wood 

supply from plantations. The existing plantation estate has a greater 

potential for wood supply than current demand, and potential exists for 

plantation expansion on previously cleared land. Hence, substitution of 

native forest timber by future plantation products does not involve 

conversion of native forest land. 

The  increasing  IVA  of  plantation  timber  over  the  last  decade 

(Fig. 3b) indicates the feasibility of substituting timber from native 

forests with timber from plantations, including both sawlogs and pul- 

plogs. Additionally, pulplogs from the study region could be substituted 

by recycled paper. Hence, a reduction in timber production from native 

forests should not mean cessation of downstream economic activities. 

Although numerous previous reports have investigated potential 

changes in the native forest timber industry in the Central Highlands 

(Appendix C1), this study contributes an integrated analysis of en- 

vironmental and economic factors that enables decisions to maximize 

public benefits. The accounts also reveal differences in economic con- 

tributions of industries and their values generated for different bene- 

ficiaries (Appendix C2). 

Analysing trade-offs in other regions will be influenced by many 

factors, such as risks of carbon stock loss from ecosystems, product mix 

and prices of carbon. Risk of loss to the ecosystem service of carbon 

storage differs due to the types of disturbances and characteristics of 

ecosystems. Usually, stock losses are greater in forests managed for 

timber harvesting (30–70% loss across the landscape) compared with 

wildfires (about 10% loss) (Keith et al., 2014a, b). Product mix, such as 

pulp and paper, sawn timber and substitution with bioenergy, influence 

the carbon stocks in the system and their longevity (Keith et al., 2015), 

and these variations can be incorporated in the SEEA accounting 

system. 

Carbon prices have been volatile over time and between jurisdic- 

tions, thus influencing relative values of ecosystem services (Khatun, 

2011). The carbon price used in this study should be considered a 

minimum because it is a government purchase price from reverse 

auction and is constrained by institutional regulations. Additionally, 

activities that reduce emissions typically deliver valuable co-benefits 

contributing to the viability of projects, for example, economic benefits 

from energy efficiency, utilising waste products, improving pro-   

ductivity from revegetation, increasing soil carbon, and reducing 

environmental problems like erosion, water pollution and salinity 

(Ellison et al., 2011). Most importantly, the carbon price does not re- 

flect the social cost of emissions on future generations. Average values 

of the social cost are estimated at $58 tC−1 ($212 tCO2 −1) based on a 

literature  survey  (Tol,  2005),  or  $85  tC−1 ($314  tCO2 −1)  used  in  the 

Stern Review (Stern, 2006). Using these carbon prices to calculate IVA 

for carbon sequestration in the area logged changes the trade-off from 

$12.6  million  yr−1  (Australian  Emissions  Reduction  Fund)  to  $265 

million yr−1 (Tol, 2005) or $393 million yr−1 (Stern, 2006). Identifying 

beneficiaries in the SEEA provides useful context for interpretation. 

 
5.3. Recommendations for policy and markets 

 
SEEA-based carbon accounts provide information that broadens 

policy options for mitigation activities. Under the UNFCCC flows-based 

inventory, activities focus on reducing emissions and increasing re- 

movals. Comprehensive carbon stock and flow accounts in both  phy- 

sical and monetary metrics identify the mitigation benefits of protecting 

and increasing primary carbon stocks. Changes to definitions and rules  

for carbon accounting under the Paris Agreement would allow this 

mitigation benefit of protecting native forests to be realised. 

Storage of carbon in forests is an ecosystem service that benefits the 

global community. The potential for reducing emissions by avoiding 

deforestation and degradation and promoting regeneration and re- 

storation is estimated to represent 24–33% of all mitigation 

(International Sustainability Unit, 2015). However, under current in- 

ternational rules for reporting emissions, a large proportion of the 

emissions due to degradation are not included and potential for se- 

questration has no market. The environmental-economic accounting 

used in this study helped identify policy and market instruments re- 

quired to value the ecosystem service of carbon storage in native for- 

ests. By applying a potential market price for carbon, we identified the 

benefit of native forest protection as a carbon abatement activity, and 

compared this value to that of current forest management for timber 

harvesting that reduces carbon stocks. The current lack of a market due 

to Australian Government regulations severely restricts mitigation op- 

tions and associated co-benefits. 

The GHG inventories required for reporting under the  Kyoto  

Protocol will likely be inadequate for reporting on the carbon budget 

required for the Paris Agreement. This has been seen already with the 

additional reporting required for carbon stocks in REDD (Reducing 

Emissions from Deforestation and Degradation) projects (UN-REDD, 

2017). As the guidance and rules for both the Paris Agreement and the 

SEEA EEA are being negotiated, it is imperative that principles of 

comprehensiveness, consistency and compatibility are observed. Effi- 

ciencies can be gained by developing a common SEEA-based framework 

that is applied to a range of policy demands, including the Paris 

Agreement on Climate Change and the Sustainable Development Goals. 

Synergies between these international agreements are emerging. For 

example, submissions to the Paris Rulebook for NDCs include principles 

and obligations for food security, human rights, sustainable develop- 

ment and ecosystem integrity (UN, 2017). 

Application of SEEA to climate change mitigation policy is emerging 

and now is the time to ensure a common approach. We demonstrated 

that SEEA provides relevant information for policy needs in the Central 

Highlands, using the new development of analysis of data in the ac- 

counts in terms of historical changes, current differences and trade-offs, 

and future scenarios. Other examples using SEEA-based accounts are 

from Guatemala for forests (Castaneda et al., 2017) and for carbon from 

The Netherlands (Lof et al., 2017), which is proposed for use in the 

Effort Sharing Regulation of the European Commission (European 

Commission, 2016) for assessing emissions reduction targets for the 

Paris Agreement. The feasibility of linking these systems was demon- 

strated in an experimental exercise mapping the UNFCCC GHG in- 

ventory to the SEEA air emissions tables, although concordance of 

classification of human activities with technological processes, and 



 

 

 

boundaries of residents with economic activities and national terri- 

tories, remain issues (Vetrella et al., 2017). The advantage of the SEEA 

for policy applications is the ability to relate physical flows to pro- 

duction and consumption (Tubiello et al., 2017). 

Our recommendation is to use the SEEA as a single comprehensive 

carbon stock and flow account to provide the information system in 

which data can be stored, extracted and analysed to inform a range of 

policy applications. Such a system is likely to improve efficiency, 

comprehensiveness and independence of the information. 
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