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Abstract

Finnish municipalities are emerging as pioneers in carbon
neutrality, aiming to balance their greenhouse gas emissions
with carbon sequestration capacity. The land use sector (Land
Use, Land Use Change and Forestry, i.e. LULUCF) offers
significant potential for both emission reduction and carbon
sink enhancement in municipal climate action. This sector,
encompassing forests, arable land, grasslands, wetlands, and
built areas, is also crucial for biodiversity conservation.

KEY RECOMMENDATIONS:

E——
Municipalities should establish

baseline scenarios for the land use
sector, using current measures as a
reference point when setting climate
goals.

I
To achieve carbon neutrality,

municipal actions must
demonstrably enhance carbon
sinks and reduce land use sector
emissions beyond the established
baseline scenario.

E——
Municipalities should innovate

and test new climate actions in

the land use sector, exploring

their integration with biodiversity
objectives. These initiatives should
be implemented collaboratively with

other landowners and municipalities.

I
A national emission and sink

accounting system for the land
use sector should be developed to
support municipal efforts.
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This report presents the core elements of a guide outlining a systematic approach to climate action in the land use
sector. It introduces a progress ladder and iterative improvement methodology, identifying specific municipal actions
and highlighting synergies between climate and biodiversity initiatives. The guide emphasises the importance of
robust, transparent municipal climate claims and encourages collaboration with enterprises and landowners for
implementation and funding of climate actions.

The comprehensive guide is available in Finnish and Swedish (Hildén et al. 2024a; Hildén et al. 2024b).

Introduction

Forerunner municipalities develop comprehensive climate plans in which the actions in the land use sector should be
part of the overall efforts to address climate change. The need to safeguard biodiversity should also be recognised.
The municipal climate plan should thus create a base for the co-operation with different actors to develop and
implement realistic and effective climate and biodiversity actions.

In Finland, municipal climate plans are voluntary documents, but about 90 % of Finns live in municipalities that
by 2023 had set some form of climate objectives (Miettinen et al., 2024). The treatment of the land use sector
varies, however, and many municipalities have so far dealt only superficially with sinks and emissions from land
use in setting their climate objectives. The municipality is here understood to be the society and geographical area
within the municipal boundaries, not just the local administrative entity. The climate objectives therefore refer to the
municipality as a society with specific geographical boundaries.

Finnish municipalities vary greatly in size and other characteristics, ranging from large urban cities to small rural
municipalities with a few thousand inhabitants or less. Municipalities also have diverse roles, making them key
players in advancing climate action in the land use sector. They have statutory tasks in land use planning, but
in addition, they can own land, direct enterprises fully or partly owned by the municipality, provide incentives for
innovations, procure goods and services, and guide and inform landowners and citizens at large.

The guide was written to support municipal officials in their work but is also expected to provide useful information
to anybody engaged in land use issues at the local level (Hildén et al., 2024a). It emphasises the importance of
charting the current state of the land use sector and its likely future development in the absence of additional actions
(the so-called baseline scenario). Over the past decade, the Finnish land use sector (LULUCF) has changed from
being a major carbon sink throughout the country to a source of emission in most regions. Without a significant
turn in the development of the sinks and emissions of the land use sector, Finland will not reach its own objective
of becoming climate neutral in 2035 and will also miss the jointly agreed targets set for Finland in the EU LULUCF
regulation (Regulation (EU) 2018/841 on the inclusion of greenhouse gas emissions and removals from land use,
land use change and forestry in the 2030 climate and energy framework).

Municipalities can, through their many and diverse roles, support the needed change in the land use sector. This
will require active engagement, and the guide stresses the importance of a systematic implementation of all climate
measures, which should be coherent with municipal policies across all relevant policy areas, such as forestry, land
use planning, agriculture, and energy.
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The overall approach of the guide

Municipal actions in the land use sector need to be planned in an iterative process that starts from charting the
present situation with respect to the emissions and sinks in the land use sector and specifying scenarios for the
baseline development (Figure 1). The following steps include a charting of potential actions in the municipality and
the examination of available and possible funding, including the possibility to purchase carbon removal units or
carbon credits. Based on this, the municipality can make an informed political decision on its climate objectives
for the land use sector, and when relevant, include links to biodiversity objectives. This is then followed by a step
covering the implementation, monitoring and evaluation of the actions and fulfiiment of the objectives, with a loop
back to the starting point and possible readjustment of the plans and actions (Figure 7).

5. Monitor and document the progress of actions and the achievement

of goals

* Prepare a report on the progress of actions and the achieved and
anticipated mitigation results

4. The municipality decides on the goals and actions for climate and nature work

* The municipal decision-making bodies set long-term and short-term goals

* Therelated documents (climate plan) describe the actions intended to achieve the
goals and identify the entities within the municipality responsible for
implementation

3. Examine the funding and financing opportunities for land use sector actions and assess the

need and possibilities to implement actions outside the municipality to acquire climate units

* Determine how actions can be financed within the municipal budget (and climate budget) and
what other public and private funding sources are available

* Investigate which climate or carbon removal units could be acquired, how they would be
financed, and what role they would play in achieving climate goals

2. Map potential land use sector actions within the municipality to reduce emissions and enhance sinks, and

outline preliminary goals for climate work in the land use sector

* Evaluate which subareas in the land use sector have the potential to implement additional climate actions

* Explore concrete collaboration opportunities with the private sector

* Determine whether climate and biodiversity actions can be implemented together

» Draft emission reduction and sink enhancement targets for the municipality and identify their connection to
nature goals

1. Determine the municipality’s starting points for climate and nature work in the land use sector and assess the baseline

scenario

*  Summarize the municipality’s special characteristics (land use: built environment, forests, agriculture, water bodies)

* ldentify the most significant emission sources and sinks in the land use sector

« Summarize the actions and plans already undertaken in the land use sector

*  Assess the emission and sink development in the land use sector over 5 and 15-20 years (baseline scenario), assuming the
continuation of current land use forms and actions

Figure 1 The suggested overall approach for developing municipal climate objectives and actions addressing the land use sector.

The steps of creating the base, setting up, planning, making a decision, implementing and monitoring climate
actions are similar to the phases identified in most presentations of policy cycles (Jost et al., 2020). As presented
here, the steps make a distinction between those that are mainly led by municipal officials (steps 1-3 and 5) and
the decision that is ultimately made by the politically elected representatives (step 4). This distinction is important
because effective climate actions need support and acceptance from all actors in the municipality, from landowners
to citizens-at-large and enterprises. The officials implementing the work need a strong political mandate.
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Determining the baseline and alternative scenarios

The baseline is specified as the development that would materialise if no additional actions or policies were
introduced. The baseline is the reference scenario against which the municipality and other actors can gauge
policies and actions, and it should be documented in the climate plan of the municipality. One measure of the
expected effectiveness of planned climate actions is the difference in the greenhouse gas balance between the
development that the actions are assumed to initiate and the baseline.

The baseline of the land use sector is more complex to determine than that of the emissions from other sources
of greenhouse gases. Existing policies and actions in the land use sector do not form a coherent set that would
provide an unambiguous baseline at the municipal level. In Finland, the policies guiding land use from the point of
view of climate mitigation (and adaptation) are mostly weak and based on voluntary action. There are, for example,
no policy-based economic incentives that would discourage the conversion of forests to other land uses. Voluntary
guidance exists for forestry and agriculture on peat soils, known to generate significant emissions, but the uptake
of the actions is still modest (Lehtonen et al., 2021; 2023). Furthermore, the national obligations concerning the land
use sector specified in the LULUCF Regulation ((EU) 2018/841), have not been allocated to regions or municipalities.
Therefore, the baseline scenario should preferably be developed separately for each municipality, recognising the
specific context that is reflected in the general level of forest cuttings and patterns of land use. For example,
rapidly growing large cities tend to convert forests to other uses at a high rate, whereas landowners in many rural
communities have increased cuttings to high levels, resulting in declining sinks. The approach can be illustrated by
base line scenarios and alternative scenarios for the forestry sector in four cities, separately for the forests owned
by the municipality and all the forests in the municipality (Figure 2).

The scenarios highlight the potential to increase sinks relative to the baseline, but the results for the studied
municipalities also underline that to strengthen sinks, forest owners in the municipality need to participate actively
and modify their forestry practices. In the studied municipalities, the actions in the forests owned by the municipality
alone do not increase the sinks significantly, because in the baseline scenario the forests owned by the municipality
are already managed with an intention to maintain the carbon sinks (Figure 2).
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Figure 2. Development of the forest carbon sinks (Net Biome Production, NBP) according to four different scenarios in four
Finnish cities. Espoo and Turku are large growing cities, Lahti and Joensuu medium sized cities. Note the different scales on the
y-axes. Joensuu has the largest forested area (more than 200.000 ha) and the city owns more than 8000 ha. Turku has about 11
000 ha forests of which the city owns about 4000 ha. Espoo with a total of 17 961 ha and 5 061 ha own forests and Lahti with
a total of 30 134 ha and 5 784 ha own forests are intermediate in this respect. The unbroken orange line indicates no cuttings,
IH=climate change mitigation focused scenario, MT=scenario emphasising biodiversity conservation in forestry, BAU = base line

scenario

Possible climate actions in the land use sector

The impacts of different measures on the carbon sinks and the emissions from the land use sector vary significantly.
Local conditions and opportunities should be carefully examined to identify the most effective measures for
mitigating emissions. They are usually those that limit the conversion of woodland to other uses and those that limit
emissions from peat land. Carbon sinks can rapidly be strengthened by forestry actions that decrease cuttings and
extend the rotation periods. Other potential measures include carbon farming, the establishment of protected areas

and restoration of peat lands.
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The City of Lahti has investigated the restoration possibilities of peat fields owned by the city. Based on a
preliminary study by the Natural Resources Institute Finland (Luke), more detailed plans for raising the water
level began for a 6-hectare field area. Utilizing the city’s fields in climate work is mentioned as an action in
Lahti’s climate program, and in 2024, a clause was added to the city’s field rental terms stating that peat-based
fields can be rented only under special conditions. For example, fields that are deemed not relevant for the
city’s climate actions could still be rented. According to the preliminary plan, the rewetting measures will be
implemented in 2025. Luke has conducted greenhouse gas emission measurements in the area to monitor the
effects of rewetting in the future.

Examples of different measures based on literature reviews and a compilation of cost estimates provide a base
for the identification of possible actions. To identify effective measures, the municipality should consider both its
possibility to actively influence stakeholders in the municipality and the potential scale of the actions. For example,
municipalities which have a large share of peat soils face different challenges than those which are endowed primarily
with mineral soils, because peat soils can be a large source of greenhouse gas emissions.

There are possibilities to combine climate actions with actions for biodiversity. As shown by the scenario analysis
(Figure 2), also biodiversity-oriented forestry scenarios tend to be beneficial from the point of view of increasing
carbon sinks relative to the baseline.

Documenting the climate actions in the municipal greenhouse
gas inventory

Finnish municipalities are only beginning to develop greenhouse gas inventories. An open-access usage-based
emission inventory that provides data for all Finnish municipalities is available and municipalities can download
data on their own emissions. Similar data do not yet exist for the land use sector, but individual municipalities have
calculated their carbon storages and sinks. As the exact assumptions, methods and underlying data vary, the data
are not fully comparable across municipalities and municipalities may find that estimates ordered from different
consultants do not e.g. provide a proper time series and are often not repeatable due to lack of transparency.
Special attention should therefore be attached to the specifications in procuring sink estimates.

The guide suggests that municipalities should rely on four general guiding principles in using and documenting
land use mitigation results to ensure comparability and coherence in the greenhouse gas inventory and the tracking
of actions. The suggested principles are as follows.

1) The municipality should ensure that in setting climate objectives, implementing measures, and monitoring
the results of its climate actions in the land use sector, it relies on processes and rules that are compatible
with those that Finland follows in the EU and internationally.

2) To avoid double counting the municipality cannot claim emission reductions or sinks that are registered

in the greenhouse gas inventory of another municipality.

3) The greenhouse gas inventory for the land use sector should be based on estimates of annual mitigation
results (reduced emissions and increased sinks) and corresponding losses (increased emissions and loss of
sinks).

4) It should be possible to assess the mitigation results of the land use sector using relevant EU and
international criteria.
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The principles support transparent and consistent reporting and provide a base for meaningful climate claims by the
municipality. Most climate actions in the land use sector are foreseen to be taken within the municipal borders. In this
case, they are documented in the municipal greenhouse gas inventory, which, if it is detailed enough, documents
change in emissions and sinks (Figure 3).

A municipality can carry out or finance additional land use measures outside its own borders, for example, jointly
with a neighbouring municipality or further afield (Figure 4). In this case, the municipality needs to agree on how to
share the mitigation results with the municipality in which the measures are implemented and with others involved,
such as the landowner. Draft contract documents for buying additional climate actions help all parties in making
agreements that are clear and fair. Enterprises can also voluntarily boost the municipal climate (and biodiversity)
objectives by supporting the implementation of measures that have been jointly agreed upon. However, carbon
credits that an enterprise acquires outside the municipality (or even national borders) to make a claim of being
carbon neutral cannot be included in the municipality’s greenhouse gas inventory.

emissions (+)

sinks(-) 4
tCO,e
Possibleactions:
1. Reduction of municipality’s
emissions
2. Strengthening sinksin the
municipality
+ Sinks and emissions 3. Actlc?n.s to. reduce. .
are municipality’s emissions
0 computationally outside the municipality
time balanced (=carbon are.a .
. 4. Actionstoincrease
i 2 neutrality is L, .
—— achieved) municipality’s sinks outside
the municipality area
v

I Emissions within the area of the municipality
@ Ssinksin the municipality according to the baseline development

=== Emission reductionsin the municipalilty area
1 Additional sinks in the municipality area

Reducing emissions or strengthening sinks outside the municipality area

Figure 3. Possibilities to achieve carbon neutrality in a municipality using a combination of emission reductions (1), creating
additional carbon sinks (2), participating in additional emissions reductions outside the municipal borders (3) and participating in
the generation of additional sinks outside the municipal borders (4).
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Measures to reduce
emissions or increase sinks
in the municipal area

The municipality implements,
(partially) funds, or encourages
the implementation of
measures.

Mitigation results are visible
in the reduction of emissions
or as anincrease in sinks the
municipality’s greenhouse
gas inventory.

Measures to reduce emissions or
increase sinks outside the
municipal area (in the same
country)

The municipality (partly) funds the
measure. Emission reductions
and/or increasing sinks are shared
between municipalities according to
a joint agreement.

Municipalities’ shares are reported
in a common registry and taken into
accountin the participating
municipalities’ greenhouse gas
inventories.

Figure 4. The implementation of municipal climate action on different spatial scales. Light green indicates actions that are mainly
carried out abroad, although the EU CRCF regulation may change this when fully implemented.

In principle, it is possible to combine climate actions with actions aiming at supporting biodiversity, including
voluntary ecological compensation as defined by the Finnish Nature Conservation Act. To achieve dual benefits
careful planning is important if the goal is to use the results both to improve the municipal greenhouse gas balance
and to implement ecological compensation according to the legal standards. The separately specified criteria for
both types of actions must be fulfilled, including the additionality of the actions.

Setting objectives

For Finland to become carbon neutral by 2035 as stated in the Finnish Climate Act (423/2022), emissions from
the land use sector must be reduced and carbon sinks significantly strengthened from their present levels. The
desired development requires actions at the local level in the land use sector and therefore the objectives of the
municipalities are highly relevant.

Forerunner municipalities have set ambitious climate objectives to reduce emissions in several sectors covered by
the effort-sharing regulation ((EU) 2023/857), often around an 80% reduction relative to a reference level. However,
this often has left the route to carbon neutrality unspecified. Some municipalities have boldly stated that they
will ‘compensate’ the remaining emissions, without considering how such compensation or offsetting could be
achieved or what it would imply.

In Finland, many municipalities have set more ambitious climate targets than the state. For example, Joensuu
and Lahti originally aimed to be carbon neutral by 2025, Turku by 2029, and Espoo by 2030. Turku’s goal is
to reduce emissions by 90%, Espoo and Lahti by 80%), and Joensuu by 60%. The remaining emissions are
intended to be absorbed by the region’s carbon sinks or using other measures. Awareness of the challenges
has led for example Lahti to reconsider its target and currently no date is specified for the point of reaching
carbon neutrality.
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For a municipality it is essential to transparently state how the land use sector fits into the overall objectives of the
municipality and to be explicit and clear about the claims that the municipality makes vis-a-vis its climate actions. To
achieve this, municipalities should avoid general statements on ‘emission/climate compensation’ and instead use
more specific descriptions of the actions and claims that the municipality is pursuing. A clear distinction should be
made between municipal objectives and actions that support national policies and objectives (national contribution
claim) vs. those that clearly aim higher towards making the municipality a net-zero entity (offsetting claim) (Figure 5).

p=————==

J_ National targets (NDC)

Mandatory use of carbon

National credits (including emission
policy actions permits)

(adopted

measures)

Action gap

<=—————-

Voluntary use of carbon credits with climate benefits
Ambition gap not counted in the country’s targets > The use of units
brings additional benefits beyond national targets

Projected net emissions

Voluntary cancellation of emission permits

Actions of forerunner municipalities

Time

Figure 5. Schematic positioning of the municipal objectives and actions in relation to the national targets (NDC - nationally
determined contribution). Especially in the land use sector there is currently a significant gap between the national policy actions
and the targets that have been set. Forerunner municipalities can contribute to the progress towards national targets by taking
actions that are not sufficiently promoted at the national scale (national contribution claim). In principle municipalities can also
go beyond the currently set national targets and contribute to globally additional actions (offsetting claim). Figure based on Laine
et al. (2024).

Claims of support for national objectives are the natural starting point for a municipality, which is a public body. Such
objectives and claims help in closing the ‘action’ gap that also Finland suffers from, especially in the land use sector.
Objectives on complete offsetting and aims to reach an ‘independent’ net-zero state make sense if the municipality
truly aspires to challenge the ‘ambition gap’ in the national objectives and measures (Figure 5).
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Joint action by enterprises and municipalities

Whenever an enterprise carries out a climate action related to land use in a municipality, the action will be recorded
in the greenhouse gas inventory of the municipality. However, the approach to carbon neutrality differs between
municipalities and companies. While a municipality considers the emissions and sinks of its entire geographical area
in efforts to become carbon neutral, a company’s emission calculations focus on the emissions of its operations,
including its value chain (so-called scope 3 emissions). The municipality cannot claim or use mitigation results that
enterprises operating in a municipality take or buy outside the municipal and even national borders to offset their
own emissions and to justify their climate (or biodiversity) claims. Enterprises can instead engage in joint activities
with a municipality and make claims of support for climate actions as part of their corporate responsibility policy. To
avoid double counting, the mitigation actions cannot be used to offset emissions of both the municipality and the
enterprise. If an enterprise wishes to ‘donate’ additional land use mitigation results to a municipality it should occur
outside the calculation of the carbon balance of the enterprise.

Joint implementation of climate and biodiversity actions

Actions in the land use sector can benefit both biodiversity and mitigation of climate action. Anissue that municipalities
need to consider is to what extent the two different objectives can be combined. One justification for such combined
actions would be that the funding of the actions can become easier if they deliver multiple benefits.

In Turku, joint afforestation projects between businesses and the city have been implemented. Turku Energia,
the energy company fully owned by the city, and the City of Turku have together carried out afforestation
projects in the summers of 2021 and 2022, planting a total of over 10.000 tree seedlings at selected sites.
At the same time, summer jobs were offered to young people. The afforestation projects support both Turku
Energia’s and the City of Turku’s climate and environmental goals by increasing carbon sinks and safeguarding
local biodiversity.

There are different possibilities to combine climate and biodiversity actions. In the simplest case, a municipality
implements within its own borders land use actions that benefit climate mitigation as well as biodiversity. The
results in terms of mitigation of climate change and conservation of biodiversity are documented in the municipal
greenhouse gas inventory and biodiversity monitoring respectively. More complex situations arise if the actions
and their results should qualify for voluntary carbon markets and voluntary ecological compensation according
to the Finnish Nature Conservation Act (9/2023, Chapter 11). Then care must be taken to ensure that the actions
fulfil the quality criteria of both voluntary carbon markets (for example those compiled by the Integrity Council for
the Voluntary Carbon Market (2024)) and those of ecological compensation (Finnish Nature Conservation Decree
933/2023).

A key issue is to ensure additionality, meaning that the actions must be planned jointly. An action that has already
been implemented based on one or the other objective cannot afterwards be used retrospectively to fulfil the other
objective because it would violate the additionality requirement. Care must also be taken in delimiting the area(s)
of action. If a single site is designated for the implementation of both market-based climate actions and ecological
compensation, the land use restrictions that ecological compensation introduces, will apply to the whole site. For
example, even if the action to develop ecological compensation is restricted to a part of the site, restrictions on land

10



Research reports 1/2025

use change apply to the whole site, not just the immediate vicinity of the spot where the biodiversity action has been
implemented. If there is a risk of conflict between future land use and the actions, it is usually best to use separate
spatial delimitations for these two types of actions.

Funding and economic monitoring of land use actions

Land use policies and actions are often partly economic instruments, and they should therefore be linked to municipal
budgeting and economic strategies. There are many possibilities for funding land use actions, but the focus and
criteria of funding differ between funders. In this context, the municipality can have multiple roles. It can be a (co)
funder, a beneficiary, or a co-ordinator of funding applications. In all cases, the municipality needs to ensure that
the funding is transparent. Whenever the municipality uses funds to finance actions in the land use sector, it should
ensure that the actions are additional relative to what is required by legislation and approved decisions on land use
and land use change. Otherwise, there is a risk of paying for actions that would anyway materialise in the baseline

scenario.

By budgeting climate action and by tracking the development of the carbon stock and sinks in its budget, a
municipality creates a strong base for its climate action within its own organisation. It will allow the municipality to
judge the cost-effectiveness of actions, which helps the municipality to prioritise its climate actions and to identify
“low-hanging fruits”.
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Perspectives on the development of the climate actions in the land
use sector

The land use sector has become an important topic in climate policy in Finland and in the EU. Until so-called
technological sinks have been developed to a level where they provide cheap and reliable carbon capture and
storage, land use offers the cheapest and most extensive ways to balance carbon emissions on the road to carbon
neutrality and beyond.

In Finland, actions to reduce emissions from the land use sector and to increase sinks are mainly voluntary. The
rapid reduction of carbon sinks below previously set targets due to land use change and forestry has triggered
discussion on the need for stronger policy instruments. Such instruments could be based on regulation, economic
incentives, or combinations. The policies can be implemented jointly by the public sector or the private sector. The
framework regulation for voluntary instruments is rapidly evolving in interaction with direct public action. This will
affect how targets are set and how the actions in the land use sector are shared between the private and public
sector in aiming for the national and international climate goals (Laine et al., 2024).

Land use and land use planning is ultimately a local and spatially explicit activity, which emphasises the role of
municipalities. Growing municipalities, in which land is extensively converted from e.g. forests to other uses, often
lose a substantial share of their carbon sinks and it becomes increasingly challenging to reach carbon neutrality. In
municipalities in which large peat soil areas are in agricultural use or have been drained for forestry, there is a need
for active work to reduce emissions. All in all, every municipality should systematically chart its current and baseline
trajectory in the land use sector to identify relevant and realistic actions that the municipality can encourage through
various means and incentives.

The emerging EU framework for Carbon Removals and Carbon Farming Certification (CRCF) Regulation (2022/0394
(COD)) aims to support the emergence of voluntary carbon markets by identifying different categories of carbon
removals, some of which could have very short life-times, even less than 10 years. The framework may boost also
national markets for domestic carbon credits, in which municipalities may participate.

The EU certification is expected to start in 2026, and an EU-wide registry is due by 2028. However, it would
make sense for Finland that has potential sinks, to initiate systematic piloting and testing of different approaches to
influence and prepare for the EU-wide operational phase.

A public service that helps municipalities in tracking their carbon stocks and sinks is one of the key conditions for
an improvement of the municipal actions, including a more widespread use of and support for voluntary action. A
challenge to be solved is a sufficiently fine-scale monitoring system that also adds up to the national inventory of
greenhouse gases and sinks. Development of the monitoring and documentation of actions that are implemented
and traded should also be initiated already before EU-wide registry is planned to become operational.

There are possibilities for further development of economic incentives in the land use sector. Linking payments
for ecological compensation or climate action could be connected with payments for building permits or a broader
charge for land use change would require legislative change (Timonen, 2020). It would strengthen the user or
polluter pays principle, but since municipalities are competing for inhabitants and builders, it is likely to encounter
political opposition.

There is scope for developing the monitoring of land use and the municipal carbon inventories further. In the
national inventory, wood products are part of the monitoring of sinks, but so far, they are not tracked at a municipal
level as such, and monitoring would require data on the use and fate of wood with fine-grained spatial resolution.
Another potential area is the tracking of the formation of aerosols that cool the atmosphere. The formation of
aerosols above vegetated areas is still poorly known, but recent studies suggest that not only forests, but also
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agricultural land, parks and gardens may contribute to the formation of cooling aerosols (Dada et al., 2023; Kulmala
et al., 2024). The total effects of land use on the climate should be followed and, in the future, it is conceivable that
not only carbon sequestration but also other beneficial climate effects from land use can become tradeable on the
voluntary markets.

Active municipalities can also in the future develop and propose new actions and good practices through
experiments and piloting. Co-creation with researchers has proven to be fruitful. There are several sources of
funding and active municipalities can obtain extramural funding that carries its climate and other objectives forward.

Acknowledgements

This is a product of the Kuntanielu (“Municipal sink”) project funded by the Catch the Carbon R&l programme of the
Finnish Ministry of Agriculture and Forestry.

13



Research reports 1/2025

References

Dada, L., Okuljar, M., Shen, J., Olin, M., Wu, Y.,
Heimsch, L., Herlin, I., Kankaanrinta, S., Lampimaki,
M., Kalliokoski, J., Baalbaki, R., Lohila, A., Pet3ja, T,
Maso, M. D., Duplissy, J., Kerminen, V.-M., & Kulmala,
M. (2023). The synergistic role of sulfuric acid, ammonia
and organics in particle formation over an agricultural

land. Environmental Science: Atmospheres, 3(8),
1195-1211.
Hildén, M., Niemist6, J., Ulvi, T., Pappila, M.,

Pihlainen, S., Seppéald, J., Lintunen, A., Minunno,
F, Aro, L., Makipad, R., Hyppénen, T., Tuomala, M.,
Meretoja, M., Liedes, A., & Peltonen, L. (2024a). Opas
maankayttdsektorin ilmastotoimien hyddyntédmiseen
kuntien ilmasto- ja luontotydssé (A guide on how to
use climate action in the land use sector to advance
municipal climate and biodiversity objectives, in Finnish
and Swedish) (33:2024; Suomen ympéristokeskuksen
raportteja). Finnish Environment Institute.

Hildén, M., Niemist6, J., Ulvi, T., Pappila, M., Pihlainen,
S., Seppéld, J., Lintunen, A., Minunno, F, Aro, L.,
Makipaa, R., Hyppanen, T., Tuomala, M., Meretoja,
M., Liedes, A. & Peltonen, L. (2024b). Vé&gledning
fér  utnyttjandet av  markanvandningssektorns
klimatatgarder i kommunernas klimat- och
biodiversitetsarbete. (33sv/2024; Finlands miljécentrals
rapporter) Finlands miljécentral.

Jarveldinen, M., Pinhlainen, S., Karhu, K., Osterberg,
N., & Makipaa, R. (2024). Forest conservation as a
CO2 offset measure: A case of an urban development
project in Finland. Frontiers in Environmental Science,
12, 1379630.

Jost, F, Dale, A., Newell, R., & Robinson, J. (2020).
Evaluating development path changes using a
novel climate action assessment framework in
three municipalities in British Columbia, Canada.
Environmental Science & Policy, 114, 410-421. https://
doi.org/10.1016/j.envsci.2020.09.007

Kulmala, M., August, P, Lintunen, A., Perdkyla, O.,
Lohtander, A., Tuovinen, S., Lampilahti, J., Kolari, P,
Schiestl-Aalto, P., Kokkonen, T., Nieminen, T., Dada, L.,
Ylivinkka, 1., Petdja, T., Back, J., Lohila, A., Heimsch, L.,
Ezhova, E., &Kerminen, V.-M. (2024). Anovel concept for
assessing the potential of different boreal ecosystems
to mitigate climate change (CarbonSink+Potential).
Boreal Environment Research, 29, 1-16.

14

Laine, A., Ahonen, H.-M., Pakkala, A., Mantyl4, I., Noro,
K., Halonen, M., Laininen, J., Laturi, J., Kinnunen, P, &
Aalto, L. (2024). Vapaaehtoisten ilmastotoimien rooli ja
kansainvélisen viitekehyksen muutoksen vaikutukset
Suomelle (The role of voluntary climate actions and
the effects of the changing international framework
for Finland, in Finnish) (2024:31; Publications of the
Government’s analysis, assessment and research
activities, pp. 1-97). Prime Minister’s Office.

Lehtonen, A., Aro, L., Haakana, M., Haikarainen, S.,
Heikkinen, J., Huuskonen, S., Harkénen, K., HOkka,
H., Kekkonen, H., Koskela, T., Lehtonen, H., Luoranen,
J., Mutanen, A., Nieminen, M., Ollila, P, Palosuo, T.,
Pohjanmies, T., Repo, A., Rikkonen, P., ... Makipa4,
R. (2021). Maankayttdsektorin ilmastotoimenpiteet:
Arvio paastévahennysmahdollisuuksista (65/2021;
Luonnonvara- ja biotalouden tutkimus, p. 122).
Luonnonvarakeskus.

Lehtonen, A., Eyvindson, K., Harkénen, K., Leppéa, K.,
Salmivaara, A., Peltoniemi, M., Salminen, O., Sarkkola,
S., Launiainen, S., Ojanen, P.,, Raty, M., & Makipa3,
R. (2023). Potential of continuous cover forestry on
drained peatlands to increase the carbon sink in
Finland. Scientific Reports, 13(1), 15510.

Miettinen, H., llmola, J., Parviainen, J., Jalonen, P, &
Seppinen, M. (2024). Kuntien ja maakuntien ilmastotyén
tilanne 2023 (The state of climate work in municipalities
and regions in 2023, in Finnish). Kuntaliitto.



RESEARCH REPORTS 1-2025

The Turku Urban Research Programme is a research collaboration and knowledge-brokerage initiative
between the City of Turku, the University of Turku, and Abo Akademi University, also involving co-operation
with other universities and research institutes. The research programme focuses on urban development and
urban governance topics, ranging thematically from economic development to social policy, and from urban
planning to democratic innovations.

This report has been carried out as part of the Kuntanielu project, funded by Catch the Carbon Research and
Innovation Programme.

Mikael Hildén, PhD, is a Senior Advisor at the Finnish Environment Institute with expertise in climate and
resource policy. Johanna Niemistd, D.Sc. (Tech.), is a Senior Research Scientist at the Finnish Environment
Institute with expertise in voluntary carbon markets and the use of natural resources. Teemu Ulvi, Msc (Tech),
is a research engineer at the Finnish Environment Institute, a specialist in support of regional and local climate
work. Minna Pappila, PhD, is a Leading Scientist (biodiversity law) at the Finnish Environment Institute.
Sampo Pihlainen, PhD, is a Senior Research Scientist at the Finnish Environment Institute with expertise
in forest policy and its economic analysis. Jyri Seppala is a Professor and Unit director at the Finnish
Environment Institute, and Chair of the Finnish Climate Change Panel. Anna Lintunen, PhD, is an Associate
professor at the University of Helsinki with expertise in forest-climate interactions. Francesco Minunno,
PhD, is a CEO at Yucatrote with expertise in forest modelling. Lasse Aro, M.Sc. (For.), is a Researcher at
Natural Resources Institute Finland with expertise in carbon cycle management. Raisa Mékipaa is a Research
Professor at the Natural Resources Institute Finland (Luke) and Vice Chair of the Finnish Climate Change
Panel with expertise in the mitigation of climate change, forest ecology, soil processes and biodiversity. Tuuli
Hyppanen, MSocSc., is a Climate Coordinator in the City of Joensuu. Misa Tuomala, MSocSc., is a Doctoral
Researcher, and Project Specialist in the City of Turku, specialising in climate and environmental policy. Miika
Meretoja, MSc, Doctoral Researcher, is a Senior Specialist at the City of Turku with expertise in climate
and environment policy. Anna Liedes, M.Sc.(Econ), B.Sc.(Eng.), is a Project Specialist in the City of Turku,
specialising in climate budgeting and EU taxonomy. Laura Peltonen, BSc, is a Project Intern in the City of
Turku, specialising climate and environmental policy.

Contact:

MIKAEL HILDEN MISA TUOMALA

Senior Advisor, Finnish Environment Institute, Project Specialist, City of Turku,
mikaelhilden25@gmail.com misa.tuomala@turku. fi

MIIKA MERETOJA JOHANNA NIEMISTO

Senior Specialist, City of Turku, Senior Research Scientist, Finnish Environment
miika.meretoja@turku.fi Institute, johanna.niemisto@syke.fi

Editor: Publisher:
Hanna Mattila, research director City of Turku, Central administration
hanna.mattila@turku.fi Turku Urban Research Programme

P.O.Box 355 (Yliopistonkatu 27a), 20101 Turku

ISSN 2243-1594 (e-publication) www.turku.fi/kaupunkitutkimus




