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Overview and Monitoring Sites

LIFE PeatCarbon aims to a landscape scale assessment of the peatland restoration success in terms of
vegetation, hydrology, greenhouse gas (GHG) fluxes, and climate change mitigation potential. We
include here fluxes of CO2, CHas, and N2O). In Finland, LIFE PeatCarbon sites are Valisuo and
Matorovansuo peatlands in Pallas Research Area, in Municipality of Kittila (Fig. 1). The Finnish
sites are meso-eutrophic fens where the pine fen margins have been drained for forestry in late 1960s
—early 1970s. These sites will be rewetted by damming ditches and returning the original tree
biomass density via harvesting in winter 2024. The sites have been actively monitored in the year
2023, representing the pre-restoration situation. The study set-up includes plots in undrained and
drained sections of the peatlands and a drained reference plot that will not be restored (Fig. 2). The
monitoring was conducted according to the LIFE PeatCarbon Monitoring Protocol (June 2023), that
was formulated based on the grant agreement document and monitoring harmonization meeting held
in Helsinki, March 2023.

Location of Pallas area
in northern Fintand

—

Fig. 1. LIFE PeatCarbon monitoring sites locate in Pallas

Research Area in northern Finland.

Greenhouse gas (GHG) flux monitoring

The monitoring sites for the chamber measurements of CO2, CH4, and N2O fluxes were established
in late summer 2022 in Vlisuo and Matorovansuo peatlands (Fig. 2). The set-up includes 17 plots,
each having 3 measurement points with intact vegetation (n=54) and equipped with preinstalled
collars (58 cm x 58 cm). The collars ensure a gas-tight chamber seal. In the northern transect in

Matorovansuo, vegetated points, where CO> flux in dark represents autotrophic and heterotrophic



respiration, are paired with trenched points where vegetation has been removed and root ingrowth
prevented to determine heterotrophic respiration. In addition, fluxes are measured in five ditch
locations distributed across the study sites. Each measurement point is equipped with a soil and near-
soil air temperature and moisture data-logger (Tomst) and a water table monitoring well. Continuous

WT monitoring is conducted in several locations as part of hydrological monitoring.

Flux measurements were started in late summer 2022 and continued over the snow period using the
snow-gradient method on monthly basis, starting in December. Fortnightly measurements using
chambers were started again at the end of May and were conducted until the snow period started in
November. All points were measured for ecosystem dark respiration of CO2, CH4 and N2O using
portable Licor analyzers (LI-7810 and 7820). In 24 points, net ecosystem exchange of CO. (NEE)
was measured using transparent chamber and it was paired with measurement of ecosystem dark
respiration (ER) with opaque chamber allowing estimation of ecosystem gross photosynthesis as
difference between NEE and ER. Water table location, soil and chamber temperature, and soil
moisture were measured during each GHG measurement. Photosynthetic photon flux density (PFFD)
was measured during the NEE measurement. Chamber measurements at the top of snowpack will be
continued over the winter 2023-2024.
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Fig. 2. Monitoring plot set-up for the chamber measurements of CO2, CHa, and N2O fluxes a) in
Vélisuo, b) Matorovansuo peatlands, and ¢) schematic representation of a monitoring plot. The
location of the EC for measuring the net ecosystem exchange of CO; is shown on the map of
Matorovansuo. Map National Land Survey of Finland 2023.



The eddy covariance (EC) system for measuring net ecosystem exchange of CO2 was set up in the
beginning of June (Fig. 3). It consists of instrumentation (Li-7200 and Metek uSonic-3 anemometer)
at height of 14 meters and loggers for flux and auxiliary (wind, PPFD, global radiation, soil and air
temperature, soil moisture, and water table depth) and data. The system is powered with solar panels
and windmill and has a generator for reserve. It provides near-continuous data of net ecosystem CO-
exchange above the tree canopy including soil, ground vegetation and tree components. The system

was set so that northern wind sectors capture the undrained and southern wind sectors the drained

parts, respectively (Fig. 2 and 3).

Fig. 3. The EC-CO- flux measurement set-up at Matorovansuo peatland (left). The wind sectors are
divided into drained and undrained (middle). Chamber measurements were conducted with portable
analyzers in trenched and vegetated points (right). The peatland type is a pine flark fen. Photos Jack
Chapman, satellite image from National Land Survey of Finland 2023.

Here, we show preliminary GHG monitoring data from dark chamber measurements (CO., CHa, and
N20 fluxes) across the study transects (Fig. 4) and preprossessed EC data (Fig. 5). Further analysis
including all datasets and gap filling of NEE data will be conducted during the coming months to
assess GHG balances before restoration. These data represent the pre-restoration conditions at
Valisuo and Matorovansuo peatlands. Monitoring will be continued during year 2025 and after the
restoration.
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Fig. 4. Time series of CH4 flux, temperature,

and water table at Valisuo peatland averaged by
day and habitat type. The drained and forested
section of Vilisuo (‘forest’ in the legend) had
negligible CH4 fluxes due to low water table
position while the less drained, near natural parts
emitted CH4 throughout the snow-free period.
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Fig. 5. Mean 7-day diurnal cycles of net ecosystem CO- flux in drained (black line) and undrained
(green line) wind sectors measured by the EC at the Matorovansuo. The drained section with pine
forest, developed after the drainage in late 1960’s, showed larger CO2 uptake and respiration than the
undrained section.



Vegetation monitoring and remote sensing

To monitor the restoration success, we conducted vegetation inventory in 205 points during July 20-
25, 2023, representing the pre-restoration situation. The same permanent plots will be inventoried
during the coming years after the restoration. The set-up included the 54-GHG measurement points
and 151 extra points with a size of 50 x 50 cm (Fig. 6). For all GHG points, a replicate vegetation
point was added (Fig. 2). Moreover, we included additional points so that all relevant vegetation
types within the peatlands were covered. The sampling scheme was a mix of purposeful, systematic,

and stratified sampling. There were 63 and 142 points in Vélisuo and Matorovansuo, respectively
(Fig. 6).

In the GHG measurement points and 96 extra points, we identified all vascular plant and bryophyte
species, visually estimated their %-cover, and measured the mean height of vascular plant species
with a ruler. In 55 points, we conducted the %-cover and height measurements on a plant functional
type level. All plots were marked permanently with two plastic tubes in the opposite corners of the
plot. We conducted one-time measurement of water table depth and soil moisture in each vegetation
point during the inventory. The water table depth was measured from a plastic tube in a corner of the
vegetation plot. Soil moisture was measured with a soil moisture sensor and with surface vegetation

(moss) samples which were later oven dried.

Temporal vegetation dynamics was determined in every GHG point by using green chromatic
coordinate determined from RGB-photos using FMI’s in-house code. In a sub-set of GHG points,
true leaf-area index per species was determined using ICOS methodology every two weeks over the
snow-free season. Annual moss growth was measured using so called moss-brushes as a scale and by

taking samples of moss biomass.

We conducted a tree plot survey in the source area of the EC measurement in the beginning of June
and the data will be used to estimate biomass and leaf area index by species. The survey plots with a
radius of 9.7-16 meters, the size depending on tree number, were arranged along eight compass
points at regular distances (same plots also had vegetation points, see NE part of the Fig. 6). Trees
were numbered and measured for breast height diameter, height, and canopy height.

We conducted drone flights with multispectral, thermal and lidar sensors over both study areas
concurrently with the vegetation inventories. Drone flights are also used to document pre-restoration
hydrological conditions (Fig. 6). Additionally, we ordered a VNIR-SWIR WorldView-3 satellite

imagery from the study area. The image was collected on July 7, 2023.
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Fig. 6. The location of
vegetation plots in the
Matorovansuo peatland, laid
over the multispectral drone
image collected concurrently
with the vegetation inventory.
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Our first target was to document pre-restoration conditions in both areas in temporal and spatial
scales. The well drained area at the edges of peatland basin was smaller in Vélisuo than in
Matorovansuo. In both peatlands, vegetation has changed due to the drainage and the purpose of the
drainage was to increase forest growth. In areas where drainage has been efficient, pine forest with
some spruce trees has replaced the former open peatland (Fig. 7 and 8). The original
microtopography, however, is still visible in some parts. Drained flarks are dominated by graminoid
vegetation and still wet. Tussock forming Trichophorum cespitosum clearly has increased in flarks in
both Matorovansuo and Valisuo. Drainage has also benefitted dwarf birch Betula nana which is
growing taller and denser at the drained peatland edges and peatland forest floor. In the peatland
forests, the ground vegetation still has Sphagnum mosses, but forest feather mosses, such as
Pleurozium schereberi have increased their abundance in hummaocks. In addition, dwarf-shrub

abundance has increased.



Fig. 7. Undrained and drained pine flark fens in Matorovansuo restoration area. Photos Timo
Penttila.

Fig. 8. Tree growth has increased at the
edges of Vélisuo peatland. Suokoira
Tiera planning the restoration measures
Photo Timo Penttila.

In the undrained and drained parts, the ground vegetation vascular and bryophyte species distribution
indicates high richness of the vegetation and habitat characteristics in parts of the study area (see the
appendix). For example, ferns occur in the understory of the pine forest and brown moss species such
as Scorpidium spp., typical for rich fens in the northern aapa mire zone, are found in the least
affected and near natural parts of the inventory area. These species data from the vegetation
monitoring will be analyzed during the coming months and will be used to assess the pre-restoration
vegetation community distribution. The species data will be used together with the drone (multiple
sensors) and satellite imagery to assess the vegetation patterns before the restoration. The vegetation
inventory and drone and satellite image collection will be conducted again after the restoration to

assess the restoration effects on the vegetation.



Hydrology monitoring

In addition to water table monitoring in the GHG points and in vegetation inventory plots, we
installed new piezometers to Valisuo and Matorovansuo peatlands, and pristine part of
Lompolonjangéanoja peatland areas (Fig. 9). Piezometers were installed to top peat and deeper peat
layers to reveal potential groundwater upwelling. All piezometers were installed with online
(LoraWan) pressure sensors for measuring water level changes in 15 min resolution. Piezometers
were installed close by to GHG monitoring sites. We validated hydrogeosphere (HGS) 3D-
groundwater model to drained, i.e. pre-restoration conditions at Valisuo peatland. The water-table
level is lower in the drained sections of the study area. Also, remote sensed data from multiple
sensors will be used for hydrological models and assessments. Monitoring will be conducted during

and after the restoration.

Water level (from sea level)

I Vater level (fom sea level) (avg: 0.9 Highest 2263 Lowest 0.13)

Water temperature

I VVater temperature (avp: 3.93 Highest 8 Lowest 0.3)

Fig. 9. left) Continuous monitoring of water table level in Matorovansuo peatland using deep wells
and Decentlab LoraWan sensors, and right) average hourly value of water table (m asl) and
porewater temperature during May to December 2023. Note, the water table level is not yet adjusted
to soil surface elevation.

10



Microbial community composition and activity monitoring

We have collected samples for microbial community composition via metagenomics, and community
activity via metatranscriptomics, from 53 GHG points four times during 2023 (June, early July, early
August, September). Samples were collected from approximately 10 cm depth with sterile
instruments and stored in dry ice immediately. DNA and RNA extractions are taking place at Luke

laboratories.

Restoration plan

Restoration plan was finalized during the year 2023 and will be conceived by the landowner
Metséhallitus (Finnish Forest and Park Service) during year 2024. The restoration plan includes
plans for rewetting and tree harvesting, because the restoration aims to return the ecology of a
pristine peatland in the area. Rewetting will be conducted through ditch blocking (dams and filling)
and via directing water to the peatland (Fig. 10). There is a targeted plan for tree biomass harvesting
to return the original tree biomass density of the pine fen (see Fig. 7 and 8). The trees that have
survived from the pre-drainage are identifiable. The planning process included a substantial amount

of fieldwork to achieve the best possible knowledge, for example about the drainage paths and

present conditions of the ditches. The restoration will be put into practice during winter-summer
2024.

Fig. 10. A sub-section from the
restoration plan showing the area near the
EC measurement system in Matorovansuo
peatland. This plan shows target sites for
leading drainage water to the peatland
(VOS), filling ditches (OT), and dams

A (Pp). Map Timo Penttila.
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Communication and dissemination activities

LIFE PeatCarbon team members attended multiple conferences (e.g. Power to the Peatlands,
Antwerp, ICOS Nordic, Bergen, National GHG-inventory seminar at FMI). The LIFE PeatCarbon
Monitoring Protocol was finalized in June 2023 in collaboration by all partners. It was formulated
based on the grant agreement document and discussions in the monitoring harmonization meeting
held in Helsinki, March 2023. Updates from the monitoring sites has been posted via LIFE
PeatCarbon webpage and social media. Kuume Productions by Vesa Ranta, Heikki Ruokangas, and
Juho Karjalainen visited our sites for their multimedia project Soiden Soidinmenot that explores and

communicates Finnish peatland landscapes with drained and pristine features via avantgarde jazz,

video, and scientific research (Fig. 8).

Fig. 8. A gig was held in Lompolojankka in July 2023. Kuume Production also explored, played, and
recorded the impressions in the forestry drained measurement site at Matorovansuo restoration area.
Photo Aleksi Ré&sénen.
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Appendix List of vascular plant and bryophyte species found in Vélisuo and Matorovansuo
peatlands in the vegetation inventory conducted in July 2023.

Species
Andromeda polifolia
Aulacomnium palustre
Betula nana
Betula nana x pubescens
Betula pubescens
Calluna vulgaris
Carex aquatilis
Carex canescens
Carex chordorhiza
Carex dioica
Carex lasiocarpa
Carex limosa
Carex pauciflora
Carex paupercula
Carex rostrata
Cladonia arbuscula
Cladonia rangiferina
Comarum palustre
Cornus suecica
Deschampsia flexuosa
Dicranum fuscescens
Dicranum majus
Dicranum montanum
Dicranum polysetum
Dicranum polysetum
Dicranum scoparium
Dicranum undulatum
Drosera anglica
Drosera rotundifolia
Empetrum nigrum
Equisetum fluviatile
Equisetum palustre
Equisetum sylvaticum
Eriophorum angustifolium
Eriophorum vaginatum
Gymnocarpium dryopteris
Hylocomium splendels
Hylocomnium splendens
Linnea borealis
Lycopodium sp.
Melampyrum sylvaticum
Menyanthes trifoliata
Mylia anomala
Picea abies
Pinguicula vulgaris
Pinus sylvestris
Pleurozium schreberi
Polytrichum commune
Polytrichum strictum
Ptilidium ciliare
Rhododendron tomentosum
Rubus chamaemorus
Salix lapponum
Salix myrtilloides
Salix phylicipholia
Scapania sp.
Scheuzeria palustris
Scorpidium revolvens
Solidago virgaurea
Sphagnum angustifolium
Sphagnum balticum
Sphagnum capillifolium
Sphagnum compactum
Sphagnum divinum
Sphagnum fallax
Sphagnum fuscum
Sphagnum lindbergii
Sphagnum medium
Sphagnum papillosum?
Sphagnum russowii
Sphagnum subfulvum
Sphagnum warnstorfii
Straminergon stramineum
Trichophorum cespitosum
Trientalis europaea
Tritomaria quinquedentata
Vaccinium microcarpum
Vaccinium myrtillus
Vaccinium oxycoccos
Vaccinium uliginosum
Vaccinium vitis-idaea
Warnsotrfia fluitans




