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Introduction
[bookmark: _Ref148536736]As defined in the 2012 SEEA Central Framework (SEEA-CF), physical flows accounts include relevant physical flows “(a) from the environment, (b) within the economy and (c) back to the environment” (SEEA-CF 3.10). Flows occurring within the environment[footnoteRef:6] are specifically excluded (SEEA-CF 3.23), though it is acknowledged that recording these flows may be “useful for analytical purposes.” There are several borderline cases here, where it is not clear if a flow occurs within the economy or in the environment, and or whether a flow crosses the economy-environment boundary. In particular there are certain flows that occur within the environment but are clearly human induced. Some of these cases are discussed briefly in the SEEA CF 2012. It is worthwhile to revisit some of these issues to provide more clarification and guidelines than currently included in the current SEEA CF, or to propose an alternative treatment. Also, from a policy perspective, some of these flows (e.g. LULUCF, carbon capture and storage) are receiving more attention, and accordingly we should review their inclusion (or exclusion) in the SEEA accounting framework.  [6:  Examples from SEEA-CF include water evaporation and precipitation or soil erosion.] 


This document outlines a framework for recording a subset of these flows—those induced by human economic activity—in the physical supply-use tables, and proposes incorporating this into the next update of the SEEA-CF. The issues discussed in this paper directly contribute to the following issues in the SEEA CF update issue list:

· B3: Inclusion of LULUCF in air emission accounts. Emissions related to land use, land use change and forestry (LULUCF) are not part of the SEEA CF air emission accounts. However, these emissions may be (partly) included in the accounts. In addition, consideration may be given to including carbon sequestration in the accounts (by extending the use table).
· B4: Inclusion of carbon flows. Some flows of carbon are not captured in detail in the SEEA CF, and the air emission account is usually compiled only as a supply of emissions. However, it is possible that more detailed flows of carbon could be included in the SEEA CF. For instance, carbon capture and storage is the end-of-pipe solution to reduce or stabilize carbon emissions from economic processes, but removal of carbon emission through such economic process by industry is currently not recorded in the SEEA CF (e.g., air emission accounts).
· B12: Borderline cases for the production boundary. The SEEA CF could provide clearer explanation of the boundary of the economy and environment, including on recommendations for the treatment of borderline cases such as landfill and mine environments, as well as the treatment of natural inputs related to agricultural production in economy-wide material flow accounts.

Section 2 gives specific cases of flows that occur within the environment as indirect but meaningful effects of human economic activity, referred to as human-induced flows in nature, and discusses why recording these flows could be desirable. Section 3 outlines the proposed extension for recording these flows in the physical supply-use tables. Section 4 uses the examples given in section 2 to illustrate applications of this framework. Section 5 presents a numeric example integrating LULUCF carbon sequestration into the air emissions account using data from Estonia. Section 6 presents conclusions and recommendations.
Cases of human-induced flows
Four specific cases (listed A to D in subheadings below) are presented here of physical flows that:
1. occur within the environment.
2. are the result of human activity.
3. have meaningful, policy-relevant impacts.
4. [bookmark: _Ref148947311]are not currently included in SEEA-CF accounts (generally).
In each case, point 1 (that these flows occur within the environment) is the primary argument against the inclusion of the relevant flows in the physical supply and use tables (PSUTs) of the environmental accounts, while points 2 and 3 (these flows result from human activity and have meaningful, policy-relevant impacts) support their inclusion in some fashion. Example A considers flows which are typically excluded from SEEA-CF accounts due to a lack of clear guidance on how/whether they should be included, while examples B, C, and D consider examples which are explicitly excluded from the accounts under SEEA-CF (SEEA 3.244, 3.241).

[bookmark: _Ref148947332]Land Use, Land Use Change, and Forestry related carbon flows
Human activities impact terrestrial carbon sinks through land use, land-use change, and forestry. These impacts alter the exchange of CO2 between the terrestrial biosphere and the atmosphere (the carbon cycle). Land use, land-use change, and forestry (LULUCF) is a sector defined by IPCC, that looks at both carbon emissions and carbon sequestration related to human use (and changes in use) of land. For example, biomass growth in forests or other ecosystems removes carbon dioxide; forest fires emit carbon dioxide through burning; and drained peatlands release GHGs as organic soils dry out and break down. Human management of these activities, particularly in forests, to increase net GHG removals is currently one of the primary pathways for countries to reduce the current GHG burden, resulting in a strong policy demand for recording these flows.

Determining whether/how to record GHG flows from LULUCF in the PSUTs of SEEA is complicated by the fact that many land management activities are not undertaken for the purpose of producing economic goods or services for consumption. In fact, a significant proportion of land management activities have precisely the opposite goal: to prevent the use of land for one or more economic purposes. There is therefore some risk of blurring the boundary between economy and environment if these flows are included in the environmental accounts (see Schenau, 2023 for a fuller discussion of this topic). 
Carbon capture and storage
Carbon Dioxide Removal (CDR) refers to “anthropogenic activities removing CO2 from the atmosphere and durably storing it in geological, terrestrial, or ocean reservoirs, or in products” (IPCC). Removals can 1) accelerate the reduction of net emissions (immediately), 2) counterbalance ‘hard-to-abate’ emissions (near-term), and 3) deliver net negative emissions (long-term).

When carbon dioxide is directly removed from the atmosphere and captured in geological, terrestrial, or ocean reservoirs, in principle it does not enter the economy and is thus a human induced flow within the environment. Although CDR’s deployment is currently facing many obstacles and legitimate questions around how it can be developed and maintained as an effective, ethical, and scalable means of addressing climate change, it may become important in the near future.
[bookmark: _Ref148947466]Secondary Fine Particle Air Pollution (PM 2.5)
Fine particulate matter (PM 2.5) is an important non-GHG air pollutant, with a variety of serious health impacts, both acute and chronic. Ambient PM 2.5 consists of both primary PM 2.5, emitted directly as solid or liquid particles or as hot vapors that condense into particles upon cooling, and secondary PM 2.5, formed in the atmosphere through chemical reactions between various gases, including sulfur dioxide (SO2), nitrogen oxides (NOx), and various organic compounds[footnoteRef:7] (Fine, Sioutas, & Solomon, 2012). Secondary PM 2.5 is a major portion (a majority, in some cases) of total ambient PM 2.5 (Zhang, et al., 2022; Fine, Sioutas, & Solomon, 2012). Consequently, accounting for primary PM 2.5 but not secondary PM 2.5 presents an inaccurate picture of the relationship between economic activities that emit PM 2.5 and ambient PM 2.5 exposure. [7:  These organic compounds may be natural or anthropogenic in origin.  ] 


Attributing secondary PM 2.5 to industries presents serious difficulties, since the chemical reactions which produce secondary PM 2.5 may have as inputs emissions from multiple different sources within the economy, from other economies, or even from nature itself.
Transboundary Pollutant Flows 
Pollutants emitted to water or air by establishments in one country may flow into other countries, causing harms downstream. Understanding these flows is critical for understanding the distributional impacts of pollution[footnoteRef:8], but they are explicitly out of scope under the current SEEA-CF (SEEA-CF 3.241).   [8:  Particularly for water pollutants and non-GHG air pollutants.] 

[bookmark: _Ref148707060]Proposed extension for the treatment of human induced flows
Human induced flows can be defined as physical flows that are caused directly by human activity but occur within the environment rather than flowing from the economy to the environment, and that have meaningful, policy-relevant impacts. In principle, these flows are not recorded in the physical SUTs of the SEEA-CF, as these are considered flows occurring within the environment[footnoteRef:9]. However, the SEEA-CF envisions recording flows that are not the direct result of current-period economic activity in at least one other context: air emissions from the decomposition of solid waste in landfills. In this case, these emissions are not assigned to an industry in the physical SUTs, but instead are found in a column named “Landfills” in a separate, sector-level category called “Accumulation.” [9:  A related concept is that of natural resource residuals (SEEA CF 3.49-3.50), natural resource inputs that are not incorporated into production processes but instead are immediately returned to the environment. Examples include the flaring and venting of natural gas, discarded catch in fishing and felling residues from the harvesting of natural timber resources. Natural resource residuals are recorded in the PSUT as a flow from the environment to the environment, i.e. a flow that stays within the environment.] 


[bookmark: _Hlk176512407]Human-induced flows in nature can be treated in an analogous way by adding a sector-level category to the columns of the physical SUTs called “Human-induced flows in nature,” with “suppliers” and “users” in this category representing the different processes or pathways by which these flows occur. For example, the air emissions physical SUTs could include in this category columns such as “Forest—land use”, “Wetland—land use change”, “Secondary PM 2.5 formation”, “Transboundary flows”, etc.[footnoteRef:10] This proposal is very similar to option 3 from Schenau (2023)[footnoteRef:11]. [10:  For the air emissions account specifically, the use table under the current SEEA-CF consists of a single column called “Environment.” Under this proposal, the use table would be populated with several additional columns (including those listed here) and present a more nuanced view of what happens with emissions released into the atmosphere.]  [11:  A proposal linking UNFCCC data reporting to the SEEA Agriculture, Forestry, and Fisheries framework (Vetrella, Femia, & Tubiello, 2017) also uses a similar approach to mapping LULUCF emissions to SEEA tables, though not to the physical SUTs.] 


In many cases, these human-induced flows in nature highlight areas where the boundary between the economy and the environment is particularly fuzzy. The current SEEA-CF (option 1 in Schenau 2023) draws the line between the economy and the environment all the way on the economy side of the fuzzy area. Assigning human-induced flows in nature to industries (option 2 in Schenau 2023) could redraw the boundary between economy and environment quite far on the environment side of the fuzzy area, blurring this essential boundary.

By instead recording these flows in the environmental accounts in their own category, this proposal allows us to retain the existing definition of the economy-environment boundary, while still accounting more fully for the impacts of human economic activity on the environment. This approach also avoids the difficulties that could arise in trying to assign human-induced flows in nature to industries[footnoteRef:12], since these flows in nature are assigned instead to the processes or pathways through which they occur. This approach is flexible enough to accommodate the examples listed above, as illustrated in section 4, and can be readily adapted to accommodate other human-induced flows in nature as well. It should be stressed that the choice of which columns (if any) to include under the “Human-induced flows in nature” heading will be made by individual countries, in response to their unique circumstances and needs. [12:  Examples of these difficulties are discussed briefly in section 2, examples A and B.] 


This framework should be applied only to flows for which there is a short, well-established causal pathway from human activity to the flow in question, as higher-order indirect effects become significantly more difficult to rigorously enumerate or quantify. A precise definition of this boundary is an open question for discussion.

The proposed extension for the treatment of human induced flows not only entails that these flows are accounted for the SEEA physical flow accounts, but also that they are included in the totals that can be derived from the tables. This will thus affect the indicators that are often based on these totals, for example, the total supply of CO2 emissions from the air emission account, which equals the total emissions by economic activities, will include LULUCF emissions.
Accounting for human induced flows
1. 
[bookmark: _Ref148707123]Land Use, Land Use Change, and Forestry 


Consider the artificial example IPCC greenhouse gas emissions inventory data in table 1. Under the current SEEA-CF, the LULUCF flows from the left-hand table are ignored in preparation of the air emissions account. Under this proposal, these flows are recorded in a new section of the PSUTs, titled “Human Induced Flows in Nature,” as illustrated in tables 2a and 2b, with uptake represented as a use by the relevant LULUCF category.

As noted in Schenau (2023), this approach results in a slightly more complex setup for the air emissions account Supply table, as well as a significant expansion of the Use table to include processes that absorb greenhouse gases from the atmosphere. If a less-complex setup is desired, these flows could be summarized into a single LULUCF column under the “Human-Induced Flows in Nature” heading, as shown in table 3. Alternatively, with sufficient data on land ownership, these flows could be attributed to industries based on the economic activities of the owners of lands producing these emissions or uptakes. Section 5 gives an example of this approach, using data from Estonia.
As a corollary, it is also valuable to consider how emissions of biogenic and fossil emissions of carbon dioxide should be presented in such accounts, for the following reasons: 
· The radiative forcing due to CO2 emissions from biomass when it is combusted as a fuel in the economy are not zero, but nor are they the same as for the emissions of fossil CO2 emissions (see for example the reasoning in Hammar, 2017) 
· Current and planned policy initiatives have different targets for fossil CO2 emissions and LULUCF CO2 emissions and uptake.
· The use of certain types of biomass as a fuel is directly connected to uptake and emissions recorded in LULUCF (according to the current IPCC reporting requirements). This is for example the case when considering LULUCF for forest ecosystems that contribute significantly to stock changes in carbon.

Considering these, we propose separate substance categories for CO2 emissions termed “long-cycle CO2” and “short-cycle CO2.” The global carbon cycle involves processes that operate over the short term (less than a few years) and the long term (decades or centuries to millennia or longer). For example, photosynthesis absorbs carbon from the atmosphere and incorporates it into biomass. Decomposition of this biomass releases that carbon back into the atmosphere. Burning the biomass as fuel simply releases the same carbon a little more quickly into the atmosphere. For this reason, these emissions are considered part of the short-term portion of the carbon cycle. An example of the long-term portion of the carbon cycle is carbon sequestered for millions of years in geologic formations such as carbonate rocks or fossil fuel deposits. When these fossil fuels are burned, this carbon is released into the atmosphere. Consequently, these emissions are considered part of the long-term portion of the carbon cycle. 


For the SEEA context, we propose defining “short-cycle CO2” as current-period CO2 emissions from the combustion of biofuels and current-period CO2 emissions and uptake in LULUCF, and “long-cycle CO2” as current-period CO2 emissions from the use of fossil fuels[footnoteRef:13] or other non-biogenic sources[footnoteRef:14]. Supply and use tables for air emissions (long-cycle CO2, short-cycle CO2 and CH4) according to this proposal are shown below (tables 4a and 4b). This example uses the same artificial example data from table 1 as were used in tables 2a, 2b, and 3 with the additional assumption that 50 units of the CO2 emitted by the mining and manufacturing industry arise from the combustion of biofuels for energy.   [13:  Peat (waterlogged, partially decayed biomass formed in some wetland ecosystems) is not a true fossil fuel but has very slow regeneration rates. Further discussion and expert consultation should inform the classification of peat-related carbon flows under this framework. ]  [14:  We believe that methane (CH4) similarly may be classified as either short- or long-cycle. Further discussion and expert consultation should inform the classification of different methane flows. ] 


Carbon capture and storage

There is additional policy interest in developing solutions for carbon dioxide capture and storage (CCS). This may occur both for carbon dioxide of biogenic and fossil origin. The table below presents a physical supply-use table structure for incorporating CCS. The table is based on previously presented examples, with the additional assumption that 100 units of carbon dioxide of fossil origin and 50 units of carbon dioxide of biogenic origin are sequestered by the mining and manufacturing industry for subsequent geologic storage. In this case, a possible approach is to expand the Use table’s environment column to include columns for the atmosphere and for geologic storage[footnoteRef:15]. [15:  Other possible approaches include: geologic storage could be considered part of the economy, as landfills are, or the capturing activities of industries could be shown as a use under human induced flows and a supply (to geologic storage). ] 

This structure presents an adequate representation to reflect many currently proposed CCS solutions, e.g. where carbon dioxide produced via a combustion procedure is captured and injected into underground rock formations rather than being released to the atmosphere. In such cases, the origin of the combusted fuel can be easily used as a basis for determining if the quantities should be assigned to the short-cycle or long-cycle carbon dioxide categories. However, there are also proposed technological solutions where carbon dioxide from ambient air is captured and stored. In this case, the captured carbon dioxide should be assigned to the long-cycle category. 

[bookmark: _Ref148968095]Secondary Fine Particle Air Pollution (PM 2.5)

Consider the artificial example emissions data in table 6. Any pollutants which form from chemical reactions involving these emissions are left out of the air emissions account under the current SEEA-CF. Under this proposal, these flows are recorded in new columns of the PSUTs, illustrated in table 7.

As in the previous example, this approach expands both the Supply and the Use tables. Newly formed pollutants are recorded in the Supply table; in this example, under the “PM 2.5-forming Reactions” column. The Use table records the reactants that serve as inputs to these reactions. These reactants are no longer found separately in the air; this is reflected in the Use table by being listed under (in this example) “PM 2.5-forming Reactions” rather than under “Environment.” Consultation with specialists in the appropriate fields will be critical to properly characterize these pollutant-forming reactions, as they are complex and dependent on a variety of factors[footnoteRef:16].  [16:  The figures given in this chart are illustrative examples only and should not be taken as a numerically accurate representation of the reactions which transform emissions into secondary PM 2.5. ] 

Transboundary Pollutant Flows
Consider the same pollution data as in illustration B, and suppose that data are also available on how these pollutants move across borders. Under this proposal, these transboundary flows of pollutants can be added to the PSUTs through import and export columns under the new “Human-Induced Flows in Nature” category, as shown in table 8.

As in the examples above, the proposed treatment makes the PSUTs slightly more complex, but it presents a fuller picture of the impacts of human activity on the environment, and how those impacts are spread to other countries. Although the illustration uses the air emissions account, this approach should serve equally well for water pollutants or other transboundary pollutant flows. We note that this treatment may be unnecessary for pollutants, such as greenhouse gases, whose primary negative effects are non-local.
Carbon sequestration example from Estonia
As an example, we present in this chapter how sequestration of CO2 from land use, land-use change, and forestry, one of the important human induced flows in nature that we have identified can be accounted for based on a study from Estonia. This study was done in an SEEA ecosystem accounting context, but the data sources (LULUCF, ownership data) can also be applied in a strictly SEEA CF context.

[bookmark: _Hlk175232340]Emissions and sequestration from land use, land-use change, and forestry (LULUCF) are not currently included in the air emissions accounts (AEA) of the SEEA. Users and policymakers in Estonia emphasize the need for their inclusion. Estonia’s climate policy aims for climate neutrality by 2050, with specific targets. Under this umbrella sustainable forest management sets also a priority to maintain forests as carbon sinks. This involves reducing logging activities, promoting reforestation, developing financial instruments, and managing land use changes to minimize greenhouse gas emissions. Monitoring these goals requires comprehensive data on CO2 emissions and sequestration, integrated with socio-economic data.

Statistics Estonia suggests linking ecosystem and air emission accounts to provide more policy-relevant data. SEEA EA chapters 3.85 and 4.40 highlights the importance of integrating extent accounts and economic data for policy purposes.

Here we will show how data from the ecosystem accounts for carbon sequestration can be linked to air emissions accounts (AEA) by connecting carbon sequestration data[footnoteRef:17] with economic activities via land ownership [footnoteRef:18]. Carbon sequestration and emissions can be further linked to other socio-economic data. [17:  Description of the methodology for advancing ecosystem accounts, methodology, Methodological report
Statistics Estonia, Grant Agreement no NUMBER — 101022852 — 2020-EE-ENVACC, Development of environmental accounts,  page 81, 4.6.1 Net sequestration and storage of carbon – physical account]  [18: https://andmed.stat.ee/en/stat/keskkond__loodusvarad-ja-nende-kasutamine__maakasutuse-muutumine/KK090] 



1. [bookmark: _Hlk175233731]Net carbon sequestration
The data from National Inventory Report of greenhouse gas emissions in Estonia 1990-2020[footnoteRef:19] is used for carbon-related greenhouse gas removals and emissions. LULUCF sector (land use and land use change) in national greenhouse gas (GHG) inventory provides the data required to account for net carbon sequestration. LULUCF data are closely linked to the global climate regulation ecosystem service[footnoteRef:20], which is defined as the ecosystem contribution to reducing concentrations of greenhouse gases in the atmosphere through the removal (net sequestration). The contributions are reported in terms of tonnes of net sequestration[footnoteRef:21].  [19:  https://unfccc.int/process-and-meetings/transparency-and-reporting/reporting-and-review-under-the-convention/national-inventory-submissions-2022]  [20:  Definition refers to the proposal for the amendment of EU Regulation (EU) 691/2011]  [21:  Eurostat – Unit E2. Doc. Doc. ENV/EA/TF/2023_1/2. Global climate regulation ecosystem service – guidance note. Version prepared for the Task force on ecosystem accounting after a written consultation by the Environmental accounts working groups (WG EA and MESA) (February 2023). The guidance note for global climate regulation ecosystem service further defines indicators and introduces voluntary indicators that support the understanding of the dynamics of the service for future development of the subject area as well.] 



In 2020, forests were the only land-use category in Estonia where carbon was sequestered rather than emitted. The LULUCF sector includes only managed land, and all forests in Estonia are managed. Additionally, harvested wood products (HWP) are considered “removals” and data are available. However, they are excluded from the ecosystem service value because HWPs are reported separately in the GHG inventories. This data stream could be a subject for future integration and will help maintain transparency, consistency checks, and provides additional information to users. Table 9 provides an overview of carbon-related greenhouse gas removals and emissions for Estonia in the year 2020.
[bookmark: _Hlk175221699]Ownership of the land in ecosystem extent account
An ownership dimension to ecosystem extent account is linking ecosystem assets with the legal owner by the categories of economic activities and institutional sectors based on the information of cadastral parcels. In order to determine the institutional sector and economic activity of the landowner the information from Land Register in combination with the information from Statistical Enterprise register (SPI) managed in Statistics Estonia was used. See published results for more information on data[footnoteRef:22] and methods[footnoteRef:23].  [22: https://andmed.stat.ee/en/stat/keskkond__loodusvarad-ja-nende-kasutamine__maakasutuse-muutumine/KK090 ]  [23:  Description of the methodology for advancing ecosystem accounts, methodology, Methodological report
Statistics Estonia, Grant Agreement no NUMBER — 101022852 — 2020-EE-ENVACC, Development of environmental accounts, page 12.] 

Methods for carbon sequestration allocation to economic activities.
Forest was the only ecosystem that was a carbon sink, therefore net carbon sequestration of the carbon (including removals and emissions) from the forest ecosystem were considered.  Net carbon sequestration ecosystem service value of 52.2 thousand tons C in forest ecosystems was allocated to economic activities using information of ownership of the ecosystem assets. Emissions from other ecosystems are excluded from the current allocation example. Two approaches were tested to allocate the total value of carbon sequestration to economic activities, one based on net growth in live tree volume (annual increment of timber/forest stands) and a simpler approach based solely on forest area.

1. The total value of carbon sequestration was distributed between economic activities of the users of the land based on spatial data where spatial distribution of annual increment of the timber was used as a proxy. 
The annual increment of forest stands strongly correlates with carbon sequestration. Thus, the contribution of different ecosystem assets to carbon sequestration was determined by spatially allocating carbon sequestration based on forest increment.
Net annual increment of timber is defined as the average annual volume growth of live trees, calculated from the stock of live trees (growing stock) available at the start of the year less the average annual mortality.[footnoteRef:24] To obtain the increment data on spatial detail, data from the Forest Registry (as of January 2021) were used as primary data source. The increment was found for each forest stand compartment based on a simplified methodology using age, height, normal stand density and site quality class.[footnoteRef:25]  In case of forest land, for which data were not available in the register, an average annual increment of growing stock was assigned using the weighted averages of the majority tree species and site type allocations according to the available data in the forest register.  [24:  According to the definition of the proposal for the amendment of Regulation (EU) 691/2011, the ecosystem service wood provision is defined as the ecosystem contribution to the growth of trees and other woody biomass, shall be reported as net increment as defined in Annex VII,  in over-bark, in thousand m3. Annex VII references to the forest accounts in the same proposal for the amendment of Regulation (EU) 691/2011 where it defines given net increment.]  [25:  According to the formulas given in Annex 12 "Calculation of the increment of growing stock " in the Regulation of the Minister of the Environment "Forest Survey Guidelines" (RT I, 31.08.2018, 8).] 

2. As a rough estimation carbon sequestration was considered equal in all of the forest area and the total value of carbon sequestration was distributed between economic activities of the users of the land based solely on the proportion of the forest land belonging in an economic activity.

The results of combining data from the air emission account and ecosystem accounts by NACE A21 economic activities are given in table 10. The air emission account is structured according to NACE A64 and the additional data described above were implemented into the same structure. Data on land ownership in ecosystem accounts was compiled using institutional sectors and NACE A21 as in several cases information for more detailed allocation was not available. Items that did not fit into the given structure of A21 and households were given as additional items at the end of the table. Presumptions were made that “Financial corporations” sector corresponds to activity K – “Financial and insurance activities” and “General government sector” corresponds to activity O – “Public administration and defence; compulsory social security”. Sectors “NPISH - Non-profit institutions serving households” and “Rest of the world” were not attributed to A21 and are given as additional items at the end of the table. Item “Not specified” was used in cases where no ownership data for land was available.

The two approaches used to find the distribution between economic activities of net carbon sequestration give slightly different results. Households and forestry/logging (A.2) are the biggest contributors in general and show the biggest differences when comparing approaches. Net carbon sequestration found by the approach based on annual increment of timber (net growth in live tree volume) is greater for households by 13% (25 thousand tonnes) and smaller for forestry/logging by 13% (30 thousand tonnes) when compared to the results obtained by the forest-area-based approach. There appears to be considerable spatial heterogeneity in the annual increment of timber on the lands of different ownership, so we favour the estimates based on annual increment of timber. 

Currently only the positive values of net sequestration as ecosystem services have been considered, therefore other ecosystems which emit carbon and where net sequestration is negative are excluded. Incorporating other ecosystems and allocating emissions to economic activities would be an area of future investigation. Currently there are several data gaps when using spatial data. In the future spatial data of LULUCF would give the needed detail for better and more direct estimations of sequestration and considering also other processes happening on single assets as well. Monitoring of the climate and sustainable land management goals requires in addition to sequestration other comprehensive data regarding land/forest management and CO2 emissions to be integrated with socio-economic data. 


Linked socioeconomic and environmental data form the basis for analyses related to environmental intensity of production, fairness of environmental taxes (do polluters pay) and other taxes, etc.  Monitoring of climate and sustainable land management goals requires direct emissions, sequestration, and other comprehensive data regarding land/forest management to be integrated with socio-economic data in a harmonized framework.  Currently, environmental economic accounts provide comprehensive data for the economy-environment nexus but do not consider land use-related processes. The table below represents our first attempt to incorporate the land use dimension into our application. However, analyses and conclusions based on a single year are limited. Adding sequestration data for subsequent periods to the data cube could facilitate analyses of changes and the effectiveness of measures at the economic activity level.

The absence of land use change-related aspects has been identified as an obstacle to using environmental accounts data as a basis for mainstream climate policy debates in Estonia. Setting sequestration figures in a comparable format will integrate these accounts into a broader context, helping to better understand the big picture from an economic perspective. Despite efforts and political debate on the importance of sequestration, the quantity of carbon sequestered in Estonia remains low, below 2%. Achieving zero emissions by 2050 (which is part of international efforts to limit global warming to no more than 1.5°C above pre-industrial levels, as outlined in the Paris Agreement) will have several implications for socioeconomic parameters, such as employment and value added in both carbon-sequestering and GHG-emitting activities. The proposed framework is the first step in extending the accounts, and this example showcases current testing on integrating information from ecosystem accounts and land ownership in Estonia.
Conclusions and recommendations
This paper provides several examples of policy-relevant flows that occur within the environment as a direct result of human economic activity or management. These flows are currently considered out of scope for SEEA-CF accounts because they occur within the environment, rather than crossing the boundary between the environment and the economy. However, these flows are policy-relevant and have important effects on humans and the natural world. 

For the update of the SEEA-CF, we would like to make the following recommendations:
· To extend the scope of the SEEA-CF to include human induced flows in the environment, following the definition provided in this paper.
· To include these flows in the physical SUTs, as a new group of columns collectively titled “Human induced flows in nature.”
· In general, columns in this group represent processes such as LULUCF, transboundary pollution flows, etc. rather than industries, since many flows which occur within the environment would be difficult or impossible to attribute to industries with any accuracy. We recommend that the choice of which columns to include in this section be left to each nation’s SEEA account compilers, based on magnitude, policy relevance, and data availability (which may vary by nation).
· To include (in short) the four examples of human induced flows described in this paper in the SEEA-CF.

We welcome discussion regarding this proposal. Some open questions include:
· Are there other examples of flows that should be considered in scope for this framework?
· How should flows of secondary particulate matter formed from human-emitted pollutants reacting with volatile organic compounds from nature be treated?
· Should methane flows be classified as short-cycle/long-cycle similarly to carbon dioxide?
· Should peat-related carbon flows be considered short- or long-cycle? 
· Should geologic storage for carbon dioxide be considered in the environment or in the economy?
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Table 2a. Supply table with LULUCF flows added under "Human Induced Flows in Nature."
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CH

4

0 0 8 0 0 0 0 0 59

HouseholdsLandfills

Supply

Human Induced Flows in Nature

Land Use Land Use Change

Supply

Industries

AgricultureForestry

Mining/

Manuf. Gov't
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		Table 2a. Supply table with LULUCF flows added under "Human Induced Flows in Nature."

		Supply		Industries												Accumulation

				Agriculture		Forestry		Mining/
Manuf.				Gov't		Households		Landfills



		CO2		110		20		580				90		250		0

		CH4		35		0		0				0		0		16



		Supply		Human Induced Flows in Nature

				Land Use								Land Use Change

				Forest		Cropland		Wetland				Forest		Cropland		Wetland		Settlement		HWP		Total

		CO2		30		80		15				0		25		5		35		20		1260

		CH4		0		0		8				0		0		0		0		0		59
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Table 2b. Use table with LULUCF flows added under "Human Induced Flows in Nature."

Forest CroplandWetland Forest Cropland WetlandSettlementHWP EnvironmentTotal

CO

2

400 0 0 45 0 0 0 0 815 1260

CH

4

0 0 0 0 0 0 0 0 59 59

Use

Human Induced Flows in Nature

Land Use Land Use Change
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		Table 2b. Use table with LULUCF flows added under "Human Induced Flows in Nature."

		Use		Human Induced Flows in Nature

				Land Use								Land Use Change

				Forest		Cropland		Wetland				Forest		Cropland		Wetland		Settlement		HWP		Environment		Total

		CO2		400		0		0				45		0		0		0		0		815		1260

		CH4		0		0		0				0		0		0		0		0		59		59
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Table 3. Supply and Use tables with LULUCF flows added as a single "Human Induced Flows in Nature" column.

Accumulation

Total

CO

2

110 20 580 90 250 0 210 1260

CH

4

35 0 0 0 0 16 8 59

Total

CO

2

445 815 1260

CH

4

0 59 59

HouseholdsLandfills

Human Induced 

Flows in Nature

Use

Human Induced 

Flows in NatureEnvironment

Supply

Industries

Agriculture Forestry

Mining/

Manuf. Gov't
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		Table 3. Supply and Use tables with LULUCF flows added as a single "Human Induced Flows in Nature" column.

		Supply		Industries										Accumulation

				Agriculture		Forestry		Mining/
Manuf.		Gov't		Households		Landfills		Human Induced Flows in Nature

																		Total

		CO2		110		20		580		90		250		0		210		1260

		CH4		35		0		0		0		0		16		8		59



		Use		Human Induced Flows in Nature		Environment

								Total

		CO2		445		815		1260

		CH4		0		59		59
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Accumulation

Long-cycle CO

2

110 20

530

90 250 0

Short-cycle CO

2

0 0 50 0 0 0

CH

4

35 0 0 0 0 16

Forest Cropland Wetland Forest Cropland Wetland Settlement HWP Total

Long-cycle CO

2

0 0 0 0 0 0 0 0 1000

Short-cycle CO

2

30 80 15 0 25 5 35 20 260

CH

4

0 0 8 0 0 0 0 0 59

Table 4a. Supply table with LULUCF under "Human Induced Flows in Nature" and CO

2

 classified as long- or short-

cycle.

HouseholdsLandfills

Supply

Human Induced Flows in Nature

Land Use Land Use Change

Supply

Industries

Agriculture Forestry

Mining/

Manuf. Gov't
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		Table 4a. Supply table with LULUCF under "Human Induced Flows in Nature" and CO2 classified as long- or short-cycle.

		Supply		Industries												Accumulation

				Agriculture		Forestry		Mining/
Manuf.				Gov't		Households		Landfills



		Long-cycle CO2		110		20		530				90		250		0

		Short-cycle CO2		0		0		50				0		0		0

		CH4		35		0		0				0		0		16



		Supply		Human Induced Flows in Nature

				Land Use								Land Use Change

				Forest		Cropland		Wetland				Forest		Cropland		Wetland		Settlement		HWP		Total

		Long-cycle CO2		0		0		0				0		0		0		0		0		1000

		Short-cycle CO2		30		80		15				0		25		5		35		20		260

		CH4		0		0		8				0		0		0		0		0		59
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Forest CroplandWetland Forest CroplandWetlandSettlementHWP EnvironmentTotal

Long-cycle CO

2

0 0 0 0 0 0 0 0 1000 1000

Short-cycle CO

2

400 0 0 45 0 0 0 0 -185 260

CH

4

0 0 0 0 0 0 0 0 59 59

Use

Human Induced Flows in Nature

Land Use Land Use Change

Table 4b. Use table with LULUCF under "Human Induced Flows in Nature" and CO

2

 classified as long- or short-cycle.
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		Table 4b. Use table with LULUCF under "Human Induced Flows in Nature" and CO2 classified as long- or short-cycle.

		Use		Human Induced Flows in Nature

				Land Use								Land Use Change

				Forest		Cropland		Wetland				Forest		Cropland		Wetland		Settlement		HWP		Environment		Total

		Long-cycle CO2		0		0		0				0		0		0		0		0		1000		1000

		Short-cycle CO2		400		0		0				45		0		0		0		0		-185		260

		CH4		0		0		0				0		0		0		0		0		59		59
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ForestCroplandWetland Forest CroplandWetlandSettlementHWP Total

Long-cycle CO

2

0 0 0 0 0 0 0 0 900 100 1000

Short-cycle CO

2

400 0 0 45 0 0 0 0 -235 50 260

CH

4

0 0 0 0 0 0 0 0 59 59

Table 5. Use table with LULUCF under "Human Induced Flows in Nature," CO

2

 classified as long- or short-cycle, and carbon 

capture for geologic storage by the manufacturing industry.

Use

Human Induced Flows in Nature Environment

Land Use Land Use Change

Atmosphere

Geologic 

Storage
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		Table 5. Use table with LULUCF under "Human Induced Flows in Nature," CO2 classified as long- or short-cycle, and carbon capture for geologic storage by the manufacturing industry.

		Use		Human Induced Flows in Nature																				Environment

				Land Use								Land Use Change												Atmosphere		Geologic Storage

				Forest		Cropland		Wetland				Forest		Cropland		Wetland		Settlement		HWP								Total

		Long-cycle CO2		0		0		0				0		0		0		0		0				900		100		1000

		Short-cycle CO2		400		0		0				45		0		0		0		0				-235		50		260

		CH4		0		0		0				0		0		0		0		0				59				59
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Table 6. Artificial example primary PM 2.5 and PM 2.5 precursor emissions data.

Emissions

kton PM 2.5 

(primary)

kton SO

2

kton NO

x

kton NH

3

kton VOCs

Agriculture 70 350 80

Utilities 100 130 100 2 15

Manufacturing 40 60 60 2 250

Transportation 120 50 200 5 75
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		Table 6. Artificial example primary PM 2.5 and PM 2.5 precursor emissions data.

		Emissions		kton PM 2.5 (primary)		kton SO2		kton NOx		kton NH3		kton VOCs

		Agriculture		70						350		80

		Utilities		100		130		100		2		15

		Manufacturing		40		60		60		2		250

		Transportation		120		50		200		5		75

		Government		35				50		5		80

		Households		40				150		15		200
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Human Induced 

Flows in Nature

Agriculture Utilities Manufacturing Gov't Households

PM 2.5-Forming 

Reactions

Total

Primary PM 2.5 70 100 40 35 40 285

Secondary PM 2.5 400 400

SO

2

0 130 60 0 0 190

NO

x

0 100 60 50 150 360

NH

3

350 5 5 5 15 380

VOCs 80 15 250 80 200 625

Human Induced 

Flows in Nature

PM 2.5-Forming 

Reactions

Environment Total

Primary PM 2.5 0 285 285

Secondary PM 2.5 0 400 400

SO

2

75 115 190

NO

x

100 260 360

NH

3

200 180 380

VOCs 275 350 625

Table 7. Supply and Use tables with primary PM 2.5, PM 2.5 precursors, and particle-forming reactions as a 

column under "Human Induced Flows in Nature." Shaded cells are zero by definition. Not a numerically accurate 

representation of the reactions depicted.

Supply

Use

Industries
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		Table 7. Supply and Use tables with primary PM 2.5, PM 2.5 precursors, and particle-forming reactions as a column under "Human Induced Flows in Nature." Shaded cells are zero by definition. Not a numerically accurate representation of the reactions depicted.

		Supply		Industries										Human Induced Flows in Nature

				Agriculture		Utilities		Manufacturing		Gov't		Households		PM 2.5-Forming Reactions		Total

		Primary PM 2.5		70		100		40		35		40				285

		Secondary PM 2.5												400		400

		SO2		0		130		60		0		0				190

		NOx		0		100		60		50		150				360

		NH3		350		5		5		5		15				380

		VOCs		80		15		250		80		200				625



		Use		Human Induced Flows in Nature

				PM 2.5-Forming Reactions		Environment		Total

		Primary PM 2.5		0		285		285

		Secondary PM 2.5		0		400		400

		SO2		75		115		190

		NOx		100		260		360

		NH3		200		180		380

		VOCs		275		350		625
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Agriculture Utilities Manufacturing Gov't Households

PM 2.5-Forming 

Reactions Imports

Total

Primary PM 2.5 70 100 40 35 40 20 305

Secondary PM 2.5 400 50 450

SO

2

0 130 60 0 0 15 205

NO

x

0 100 60 50 150 70 430

NH

3

350 5 5 5 15 160 540

VOCs 80 15 250 80 200 60 685

PM 2.5-Forming 

Reactions Exports

Environment Total

Primary PM 2.5 0 40 265 305

Secondary PM 2.5 0 75 375 450

SO

2

75 30 100 205

NO

x

100 60 270 430

NH

3

200 130 210 540

VOCs 275 75 335 685

Table 8. Supply and Use tables with primary PM 2.5, PM 2.5 precursors, and particle-forming reactions and imports/exports as columns 

under "Human Induced Flows in Nature." Shaded cells are zero by definition. Not a numerically accurate representation of the reactions 

depicted.

Supply

Industries

Human Induced Flows in Nature

Use

Human Induced Flows in Nature
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		Table 8. Supply and Use tables with primary PM 2.5, PM 2.5 precursors, and particle-forming reactions and imports/exports as columns under "Human Induced Flows in Nature." Shaded cells are zero by definition. Not a numerically accurate representation of the reactions depicted.

		Supply		Industries										Human Induced Flows in Nature

				Agriculture		Utilities		Manufacturing		Gov't		Households		PM 2.5-Forming Reactions		Imports		Total

		Primary PM 2.5		70		100		40		35		40				20		305

		Secondary PM 2.5												400		50		450

		SO2		0		130		60		0		0				15		205

		NOx		0		100		60		50		150				70		430

		NH3		350		5		5		5		15				160		540

		VOCs		80		15		250		80		200				60		685



		Use		Human Induced Flows in Nature

				PM 2.5-Forming Reactions		Exports		Environment		Total

		Primary PM 2.5		0		40		265		305

		Secondary PM 2.5		0		75		375		450

		SO2		75		30		100		205

		NOx		100		60		270		430

		NH3		200		130		210		540

		VOCs		275		75		335		685
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CO2-C, kt C CH4-C, kt C

(CO2 = 0.273C) (CH4 = 0.75C)

A. Forest land -193.4 2.6 -52.2 2

B. Cropland 413.7 NO, NE, NA 111.7

C. Grassland 63.9 0 17.2 0

D. Wetlands 1 128.4 0 304.7 0

E. Settlements 375.8 NO, NE 101.5

F. Other land 66 NO, NE 17.8

G. Harvested wood products -922.2

H. Other (please specify) NO

Total LULUCF 932.2 2.7 251.7 2

Table 9. Carbon-related greenhouse gas emissions and removals, Estonia, 2020. Units are 

thousand metric tonnes (kt). Signs are positive (+) for emissions and negative (-) for removals. 

Land-use category CO2, kt CH4, kt

*NO (not occurring, IE (included elsewhere), NE (not estimated), NA (not applicable)
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		Table 9. Carbon-related greenhouse gas emissions and removals, Estonia, 2020. Units are thousand metric tonnes (kt). Signs are positive (+) for emissions and negative (-) for removals. 

		Land-use category		CO2, kt		CH4, kt		CO2-C, kt C		CH4-C, kt C

								(CO2 = 0.273C)		(CH4 = 0.75C)

		A. Forest land		-193.4		2.6		-52.2		2

		B. Cropland		413.7		NO, NE, NA		111.7

		C. Grassland		63.9		0		17.2		0

		D. Wetlands		1 128.4		0		304.7		0

		E. Settlements		375.8		NO, NE		101.5

		F. Other land		66		NO, NE		17.8

		G. Harvested wood products		-922.2

		H. Other (please specify)		NO

		Total LULUCF		932.2		2.7		251.7		2

		*NO (not occurring, IE (included elsewhere), NE (not estimated), NA (not applicable)
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Method 1 Method 2

8 471.43 3 155.28 1 007.20 113.68 139.23

118.65 13.14 723.41 99.59 124.83

Crop and animal production, hunting 

and related service activities

59.23 7.72 723.26 4.12 2.6

Forestry and logging  21.39 5.41 0.06 95.45 122.22

Fishing and aquaculture 38.02 0.01 0.09 0.01 0.01

51.2 19.41 0.39 0.13 0.13

1 669.04 756.48 5.91 0.79 0.59

4 764.81 2 322.77 20.28 0.19 0.21

55.32 4.05 251.83 0.05 0.03

153.4 3.37 0.39 0.39 0.27

152.33 7.71 1.29 0.94 0.73

1 264.36 0.38 2.38 0.33 0.24

32.78 2.52 0.41 0.32 0.23

9.51 0.22 0.03 0.05 0.05

4.87 0 0.03 0.08 0.03

46.35 7.1 0.11 2.83 2

25.97 0 0.05 0.35 0.25

51.13 0.06 0.07 0.26 0.2

24.22 14.07 0.18 7.13 9.18

12.91 1.69 0.1 0.03 0.02

11.93 0.78 0.15 0.01 0.01

9.38 1.53 0.06 0.05 0.04

13.25 0 0.12 0.03 0.03

0 0 0 0.15 0.11

0 0 0

1 557.75 2 558.42 15.54 77.58 52.44

0.35 0.25

1.33 1.16

0.44 0.3

10 029.17 5 713.70 1 022.73 193.38 193.38

Water supply; sewerage; waste 

management and remediation activities

Table 10. Example using 2020 data from Estonia. Carbon related greenhouse gases in air emission accounts and 

LULUCF net carbon sequestration under Human Induced Flows. All units are thousand tonnes CO

2

 or CO

2

 equivalent.

Current SEEA CF Air Emission Account Human Induced Flows



CO2

CO2 from 

biofuels

CH4

LULUCF—Net carbon sequestration

Total industries

Agriculture, forestry and fishing

Mining and quarrying

Manufacturing

Electricity, gas, steam and air conditioning 

supply

Human health and social work activities

Construction

Wholesale and retail trade; repair of motor 

vehicles and motorcycles

Transportation and storage

Accommodation and food service 

activities

Information and communication

Financial and insurance activities

Real estate activities

Professional, scientific and technical 

activities

Administrative and support service 

activities

Public administration and defense; 

compulsory social security

Education

Rest of the world

Not specified

Total

Arts, entertainment, and recreation

Other service activities

Activities of households as employers and 

household own-use production

Activities of extraterritorial organisations 

and bodies

Households

NPISH
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		Table 10. Example using 2020 data from Estonia. Carbon related greenhouse gases in air emission accounts and LULUCF net carbon sequestration under Human Induced Flows. All units are thousand tonnes CO2 or CO2 equivalent.

								Current SEEA CF Air Emission Account								Human Induced Flows

								CO2		CO2 from biofuels		CH4				LULUCF—Net carbon sequestration

																Method 1		Method 2

		Total industries						8 471.43		3 155.28		1 007.20				113.68		139.23

				Agriculture, forestry and fishing				118.65		13.14		723.41				99.59		124.83

						Crop and animal production, hunting and related service activities		59.23		7.72		723.26				4.12		2.6

						Forestry and logging 		21.39		5.41		0.06				95.45		122.22

						Fishing and aquaculture		38.02		0.01		0.09				0.01		0.01

				Mining and quarrying				51.2		19.41		0.39				0.13		0.13

				Manufacturing				1 669.04		756.48		5.91				0.79		0.59

				Electricity, gas, steam and air conditioning supply				4 764.81		2 322.77		20.28				0.19		0.21

				Water supply; sewerage; waste management and remediation activities				55.32		4.05		251.83				0.05		0.03

				Construction				153.4		3.37		0.39				0.39		0.27

				Wholesale and retail trade; repair of motor vehicles and motorcycles				152.33		7.71		1.29				0.94		0.73

				Transportation and storage				1 264.36		0.38		2.38				0.33		0.24

				Accommodation and food service activities				32.78		2.52		0.41				0.32		0.23

				Information and communication				9.51		0.22		0.03				0.05		0.05

				Financial and insurance activities				4.87		0		0.03				0.08		0.03

				Real estate activities				46.35		7.1		0.11				2.83		2

				Professional, scientific and technical activities				25.97		0		0.05				0.35		0.25

				Administrative and support service activities				51.13		0.06		0.07				0.26		0.2

				Public administration and defense; compulsory social security				24.22		14.07		0.18				7.13		9.18

				Education				12.91		1.69		0.1				0.03		0.02

				Human health and social work activities				11.93		0.78		0.15				0.01		0.01

				Arts, entertainment, and recreation				9.38		1.53		0.06				0.05		0.04

				Other service activities				13.25		0		0.12				0.03		0.03

				Activities of households as employers and household own-use production				0		0		0				0.15		0.11

				Activities of extraterritorial organisations and bodies				0		0		0

				Households				1 557.75		2 558.42		15.54				77.58		52.44

				NPISH												0.35		0.25

				Rest of the world												1.33		1.16

				Not specified												0.44		0.3

		Total						10 029.17		5 713.70		1 022.73				193.38		193.38
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Table 1. Artificial example IPCC data. These are the underlying data for tables 2a, 2b, 3, 4a, 4b, and 5.

LULUCF Emissions

kton CO

2

kton CH

4

Other IPCC Emissions

kton CO

2

kton CH

4

Forest land Agriculture 110 35

    Emissions from organic soils 30 Forestry 20

    Carbon uptake -400 Mining/manufacturing 580

    Land converted to forest -45 Government 90

Cropland Households 250

    Emissions from organic soils 80 Landfills 16

    Land converted to cropland 25

Wetlands

    Emissions from soils/sediment 15 8

    Land converted to wetland 5

Settlements

    Land converted to settlement 35

Harvested wood products 20
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		Table 1. Artificial example IPCC data. These are the underlying data for tables 2a, 2b, 3, 4a, 4b, and 5.

		LULUCF Emissions		kton CO2		kton CH4				Other IPCC Emissions		kton CO2		kton CH4

		Forest land								Agriculture		110		35

		    Emissions from organic soils		30						Forestry		20

		    Carbon uptake		-400						Mining/manufacturing		580

		    Land converted to forest		-45						Government		90

		Cropland								Households		250

		    Emissions from organic soils		80						Landfills				16

		    Land converted to cropland		25

		Wetlands

		    Emissions from soils/sediment		15		8

		    Land converted to wetland		5

		Settlements

		    Land converted to settlement		35

		Harvested wood products		20






