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Abstract

Quantification of peat volume change in Northern Peatlands: A study of mires capacity
to swell and shrink and its relation to mire age and land management

Anna Engman

Peatlands are important ecosystems that provide ecohydrological functions related to carbon
storage and cycling, water quality, flood attenuation, and groundwater recharge. One key
characteristic that gives peatlands these functions is the capacity to swell and shrink upon
wetting and drying, commonly referred to as peat volume change. This property of peat
volume change is closely related to the fluctuations of the water table and has a buffering
effect on the water table depth relative to the peat surface, which acts as an important control
on many ecohydrological functions such as carbon cycling, vegetation composition, and
biogeochemical processes.

In an attempt to fill a gap of knowledge, this thesis investigated peat volume change for mul-
tiple Northern peatlands close to Umed, Sweden, using groundwater level and mire surface
level data obtained during the summer of 2021. The objectives were to investigate the tem-
poral trends and characteristics of changes in the water table and peat volume at the studied
site and to determine how peat volume change capacity differs for mires of different ages, as
well as different land management such as natural, drained and restored peatlands.

It was found that old (older than 2000 years) mires have a significantly smaller peat volume
change capacity compared to young mires (younger than 1000 years), as well as smaller
specific storage, indicating that factors that change as the peatland evolves are important for
the ability to expand and contract. It was also found that the relationship between the mire
surface and water level was linear for some mires but not for others, including drained and
old mires. For the drained mires this could be explained by very deep water tables compared
to the natural mires, however, they did not stand out among the natural mires concerning
peat volume change capacity. The comparison between a restored mire and a drained gave
ambiguous results. It was also found that the specific storage, which is directly related to
the compressibility of the peat, was greater during drying conditions compared to rewetting
conditions, highlighting peatlands ability to maintain wet conditions. The study provides a
deeper understanding of peat volume change in Northern peatlands and the factors related to
this phenomenon, which is crucial for further studying of peatland ecohydrology.

Keywords: peatland, peat volume change, ecohydrology, specific storage, peatland age
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Referat

Kvantifiering av volymforandring i torvmyrar: En studie av myrars forméaga att svalla
och krympa och dess relation till alder och markskotsel

Anna Engman

Torvmarker &r viktiga ekosystem som bidrar med ekohydrologiska funktioner relaterade till
kollagring och kolcykling, vattenkvalitet, minskad dversvamningsrisk och grundvattenbild-
ning. En egenskap hos torv som &r viktig for dessa funktioner ar formagan att svélla un-
der vata perioder och krympa under torrperioder. Denna torvvolymforandring &r relaterad
till fluktuationer i grundvattenniva och kan dven ha en buffrande effekt pa grundvattendju-
pet (avstandet fran markytan till grundvattenytan), vilket paverkar flertalet ekohydrologiska
funktioner sasom kolcykling, vegetationssammanséttning, och biogeokemiska processer.

| ett forsok att fylla en lucka i kunskapen kring detta fenomen undersokte detta examen-
sarbete torvvolymforandringar for flera torvmarker, eller myrar, i narheten av Umea baserat
data for grundvattennivaer och nivan pa myrars markyta som erhallits under sommaren 2021.
Syftet var identifiera trender och egenskaper hos de olika myrarnas forandring i grundvat-
tennivan och myrniva, samt att ta reda om det finns nagon skillnad i torvens kapacitet for
att svalla och krypa hos myrar med olika alder, samt olika markskotsel sasom naturliga,
drénerade och restaurerade myrar.

Resultatet visade att aldre (aldre &n 2000 &r) myrar har en betydligt mindre kapacitet att svélla
och krympa jamfort med yngre myrar (yngre an 1000 ar), samt mindre specifik magasinkoef-
ficient, vilket indikerar att faktorer som forandras nar myren blir dldre ar viktiga for formagan
att svélla och krympa. Resultatet visade ocksa att forhallandet mellan myrens markniva och
grundvattenniva var linjart for vissa myrar men inte for andra, inklusive dranerade och gamla
myrar. For de dranerade myrarna kunde detta forklaras av mycket djupa grundvattennivaer
jamfort med de naturliga myrarna, men de stack inte ut bland de naturliga myrarna vad galler
formaga att svélla och krympa. Jamforelsen mellan en restaurerad myr och en dréanerad gav
tvetydiga resultat. Man fann ocksa att den specifika magasinkoefficienten, som ar direkt
relaterad till torvens kompressabilitet, var storre under torra perioder jamfort med vata pe-
rioder, vilket visar pa myrens formaga att uppratthalla vata forhallanden. Studien gav en
djupare forstaelse for myrars formaga att svalla och krympa och faktorerna relaterade till
detta fenomen, vilket &r av betydelse for vidare forskning om torvmarkers ekohydrologi.

Nyckelord: torvmark, myr, torvvolymforandring, ekohydrologi, specifik magasinkoeffi-
cient, alder

Institutionen for geovetenskaper, Luft-, vatten- och landskapslara, Uppsala universitet,
Villavagen 16, SE-75236 Uppsala, Sverige.
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Popularvetenskaplig sammanfattning

Bevaring och restaurering aatmarker &r allt sbrre uppnarksamhet som eta# att anpassa
samia@llet och naturen till ettdrandrat klimat. Myrarar en typ av torvbildandeatmarker
somar vanligt ®rekommandegnorra halvklotet, inte minst i Sverige axter som dr bryts
med tiden ner, menggrund av ata ©rhallanden och en syrefri mij blir nedbrytningen
ofullstandig och axtmaterialet ackumuleras med tiden som torv vilkiat gtt myrar bildas
och bibefalls. Myrar som ekosysterar otroligt viktiga ca de, samt torvmarker generellt,
bidrar med ekosystenginster som skydd av biologiskangfald, vattenrening, grundvat-
tenbildning, minskadvers\amningsrisk och kollagring. Globalt sett lagrar torvmarker ca
30% av \arldens landbundna kol, vilkethg dem till en otroligt viktig kolgnka. Torvar ett
speciellt material, det fungerar i likhet med en svamp genom attssech krympa som svar
pa forandringar i myrens hydrologisk#@ifhallanden. Under torra perioder sjunker grund-
vattenniaerna i myren ochaltorvens porer intedhgrear fyllda med vatten kollapsar de
och torven krymper i volym. Br det sedan kommer ett regn saterigen kbjer grundvat-
tennivan aterfuktas torven och &ller. Forutom grundvattennan och markytans position
ar aven grundvattendjupet, det vilaga avsindet fan markytan ner till grundvattenytan,
en viktig parameter. Myren®fmaga att sélla och krympa haramligen en buffrande ef-
fekt pa grundvattendjupet, vilket i sin tur har stor betydelgéede \axter som trivs | ata
forhallanden, meraven br koldioxid och metanutapp.

Sommaren 2021 placerade&tutrustning ut p ertalet myrar utanbr Umea i Vasterbotten
for att mata just torvens volyn@frandring. Det bedrivs redan omfattande forskniag gra
av dessa myrar och volyifandringenar aven den en viktig pusselbit. @4 torven saller
och krymper narks detta famst @ att myrens markytadjs och &nks. fr att mata tor-
vens swallning och krympning aréndes ratutrustning xerad med [@&lp av prnsanger i
det mer fasta och statiska mineraljord-lagret under toréemtt méata grundvattennan rel-
ativt en fast punkt, sanéiven natutrustning som vardfankrad i det @rliga dversta lagret
och for att mata avsandet ner till grundvattenytan. Med dessa data gick det aétkpar
markytans positiongmyren. Resultatet av sommarengtkampanj var ett stort dataset som
visar hur myrens markyta, grundvattermioch grundvattendjup varieraver tid. Detta ex-
amensarbete aande den insamlade datamrfirsommarens atkampanj dr att undergka
volymforandringen hos torv med syftet att ta reda om det niagaon skillnad i torvens
kapacitet dr att s\alla och krypa hos myrar med olikalder. Da det ocka fanns data
for dranerade myrar och en restaurerad myr urildesaven om detta kundeaperka ka-
paciteten or att s\alla och krympa. MMgra av de studerade myraraasarskilt intressanta
da dear en del av en "kronosekvens”, en grupp geogra sktliggande myrar med liknande
egenskaper men med olikéder, som bildats tilléljd av landldjningen som pgatt sen dess
att inlandsisarna saite bort. R grund av att de ligger iasmara anslutning till varandra
delar de nanga egenskaper sonayerkas av klimatirhallanden, geologi och vegetation-
ssammaritning, men de har en tydlig skillnadcalder. Detvriga studerade myrarna var
nagotaldre en déldsta @ kronosekvensen.

Resultatet fan studien visade att de yngre myrarna (yrigmel000ar) s\allde och krympte
mycket mer under @tperioderan vad dealdre @ldrean 2000ar) gjorde, och hade &Gtre

magasinkoef cient. Detta tyder allispa att torven i yngre myrar hard®te kapacitet till
att s\valla och krympa. Aldern hos myrarar en intressant aspekadranga faktorer som



har betydelsedr torvens drmaga att s@lla och krympadrandras med stiganddder. Med
tiden s 0kar myrens tjocklek genom ackumulationen @dd \axter, och vegetationssam-
mangttningenandras d naringsbrhallandena érandras. Genom att undéfsa skillnader
for myrar med olikaalder kan man @rfor fa en inblick i hur olika faktorer @verkar torvens
volymandring, och endrstaelse dr hur detta BAnger ihopar viktigt for fortsatta studier av
myrar och deras funktioner. Deawdianerade myrarna som undgkses hade avsawt dju-
pare grundvattennaeran resterade myraragot somar en brvantad effekt av dinering.
Volymforandring hos de @nerade myrarna stack dock inte @got i amforelse med de
naturliga, och slutsatsen var att ett annat éijagngstt betovs for att reda ut skillnaden
mellan naturliga och énerade myrar. & den restaurerade myren, en tidigarégrdirad myr
som blivitatenatt, jamfordes natningar fan tva olika delar av myren. Volyndrandringarna
mattes lade ér grundvattennizerna borde @verkas av att det tidigarea@hrerande diket har
blockerats, samt nedsins blockeringen@ myren sledes fortfarande éneras. Resultatet
visade en #&ldigt stor skillnad i torvvolymibrandring br de twa olika platserna, @ torven i
den déanerade delen &llde och krympte kraftigt under étperiod medan destenatta delen
forblev relativt konstant. Dedr dock sart att éaga om dettar en effekt av restaureringen
eller om de speci ka plasternaad matningarna gjordes verkligear representativa. Men det
ar oavsett ett intressant resultat fortsatta studier av just denna myr.

Sammantaget har denna studiedserera aspekter av volynirandringar i torvmyrar och
kan forhoppningsvis bidra till nya uppslagrffortsatt forskning inonamnet som @r att vi
battre Brutsgar hur myrar kan vara ett &lpmedel i framtida klimat och mijarbete.
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1 Introduction

Peatlands, or mires, are characterized by deep accumulations of partially decomposed or-
ganic material, also referred to as peat. They cover about 3-4% of the Earth's surface and
although they are spread across all climate zones, Northern peatlands, those found across
the boreal and subarctic zones in the Northern Hemisphere, are dominating (Vitt 2008).
Peatlands are very important ecosystems that provide services such as biodiversity, carbon
storage, freshwater storage, and ood control (Waddington et al. 2015). As peat is mainly
made up of carbon, peatlands store almost a third of the world's total amount and thus play
an important role in the global carbon cycle (Yu 2011). Preservation and restoration of peat-
lands are advocated as a nature-based solution that will be good for water quality, but also
as a means of regulating ow extremes — reducing ood peaks, delaying the timing of ood
peaks, maintaining low ows during drought, and promoting the formation of groundwater.

Peatlands are often covered in a carpet of the moss sp&plesgnunyVitt 2008) which
ecophysiological traits are essential for the function and persistence of these wetland ecosys-
tems (Waddington et al. 2015). The structure of Sphagnum moss, both alive and decom-
posed, gives peat the ability to expand and contract upon wetting and drying, a phenomenon
often referred to as peat volume change, or sometimes more illustrative as “mire-breathing”.
Many studies have observed that the peat surface follows seasonal changes in the water ta-
ble (Howie and Hebda 2018; Kennedy and Price 2005; Nijp et al. 2019; Price 2003; Price
and Schlotzhauer 1999); rising as the water level increases during precipitation events and
falling as the water level declines during dry periods. Values of peat volume change that
have been reported in these studies include 0.7-10 cm during the spring and summer season
(Kennedy and Price 2005; Price 2003; Price and Schlotzhauer 1999) and 2-34 cm yearly
(Howie and Hebda 2018), as well as 1.2-6.2 cm of spatial variation within the same mire
(Nijp et al. 2019). This phenomenon is an important self-regulating mechanism for peat-
lands, as it has a stabilizing effect on the water table depth relative to the peat surface, which
acts as an important control on many ecohydrological functions such as carbon cycling, veg-
etation composition, biogeochemical processes (Blodau et al. 2004; Kettridge et al. 2015;
Limpens et al. 2008) and stream runoff from peatlands. During dry periods a lowering of the
peat surface maintains the water table closer to the surface, making water more accessible for
surface vegetation and decreasing the frequency of drought for peat mosses (Nijp et al. 2017,
Waddington et al. 2015). The distance to the water table is also important for the mires' abil-
ity to bind and store carbon (Serk et al. 2021). The expansion and contraction of peat also
have implications on water storage properties and ow processes. A study on a Swedish bog
found that 40 % of water storage changes were caused by swelling and shrinking of the peat,
rather than changes in water content (Kellner and Halldin 2002).

Although some degree of peat volume change is likely to occur for most peatlands, the mag-
nitude of peat volume change can vary greatly between different peatlands and is affected
by the physical properties of the peat. Peat surface adjustments can for example be closely
related to the change in water table for loose, uncompressed peat, whereas for compressed
peat containing roots of shrubs and trees the peat surface does not follow the water table
change (Waddington et al. 2015). Permanent compression of the peat material can be caused
by drainage, and drained peatlands have been observed to lose their elastic property and thus
the hydrological self-regulating mechanisms (Howie and Hebda 2018).



The age of peatlands is also an aspect that affects several factors that are related to peat
volume change. As peatlands age, vegetation composition and the microbial community are
altered due to changes in the concentration of important nutrients and other biogeochemical
compounds (Wang et al. 2021). There also tends to be an increase in peat depth and peatland
area, as well as changes in bulk density and peat structure with increasing age. All these
factors affect the physical properties of the peat that determines its compressibility and elastic
properties, and they could be better understood by studying peatlands of different ages.

An issue today is that many of the world's peatlands are drained to be used for agriculture
and forestry (Joosten and Clarke 2002). Another concern is that climate change projections
for the Northern hemisphere predict increased temperatures and evapotranspiration, as well
as more extreme precipitation events and longer dry periods (IPCC 2007). This is likely
to cause lowered water tables and drier surface conditions in Northern peatlands (Kettridge
et al. 2015), affecting many of the important self-regulating mechanisms. Preservation and
restoration of peatlands are advocated as a nature-based solution to protect and restore the
ecohydrological functions and make them more resilient to future changing conditions and
restore the services provided. Rewetting through the blocking of ditches is a common mea-
sure to restore hydrological conditions that bene t peatland ora and fauna as well as carbon
capture (Howie et al. 2009; Wallage et al. 2006).

Due to the importance of peat volume change to ecohydrology, biochemistry, and water
storage, this self-regulating mechanism needs to be better understood in order to protect
peatland ecosystems and improve their resilience to future changes. There is currently a
lack of available data about this phenomenon, and current modeling of peatland processes
often fails to include peat volume change and its related feedback mechanisms in the models
(Waddington et al. 2015). There is a need for peat volume change to be included in future
modeling of peatland processes to achieve the correct representation of peat moss drought
occurrence or mire-water dynamics, as well as the runoff regime from mires (Nijp et al.
2017; Kellner and Halldin 2002).

To contribute with additional knowledge about peat volume change, 27 pairs of groundwater
level sensors were installed on 24 mires in the northern part of Sweden at the beginning
of summer 2021. The reason a pair of sensors were used was to obtain measurements of
water table changes both relative to a xed point and relative to the moving peat surface.
With this information, the absolute water level, the water table depth relative to the mire
surface, the mire surface level, and their changes over time could be calculated, from which
the expansion and contraction of the peat, i.e. the peat volume change, could be quanti ed.
This data was collected from mires with varying characteristics, including natural, drained,
and restored mires, as well as mires of different ages. 15 of the studied mires are part of a
research effort studying changes in biogeochemical properties and vegetation composition
etc. along a chronosequence of 'young' to 'older’ mires, ranging from decades to thousands
of years since the start of the peat formation. The resulting dataset is unique with regards
to the large number of mires that are included as well as the variation in age. It provides
a great opportunity to study the elastic property of peat and needs to be examined in order
to gain insights into peatland ecohydrology and answer questions that could help further the
understanding of this phenomenon of volume change in peatlands.



Figure 1: A typical Northern peatland and one of the peatlands studied within this thesis project,
located outside of Vindeln, Sweden (site Salidyran)

1.1 Objectives

The purpose of this thesis was to examine a dataset of continuous groundwater level and mire
level measurements, collected from 24 peatlands in Northern Sweden during the summer of
2021, to acquire a deeper understanding of the process of peat volume change at the studied
sites. To do this, the following research questions were answered:

» What temporal trends and characteristics of water table change and peat volume change
can be observed at the studied sites?

« How does peat volume change capacity differ for mires of different ages, as well as
land management (natural, drained, restored)?

» Can the difference in peat volume change capacity be explained by mire properties and
hydrometeorological conditions such as mire depth and water table dynamics?



2 Theory

2.1 Peatvolume change

Peat volume change mainly occurs due to changes in the absolute water table and is affected
by the physical properties of the peat. A lowering of the water table causes an increase in
effective stress, resulting in compression of the peat and closing of pore spaces. A con-
sequence of this compression is decreased saturated hydraulic conductivity and increased
moisture retention capability, which mitigates further water losses such as lateral drainage.
Similarly, a rising water table leads to the expansion of the peat and pore spaces, resulting in
a reduction of the moisture retention capability and greater potential for water loss through
drainage and evapotranspiration (Waddington et al. 2015).

The compressibility of peat is controlled by physical properties that are mainly the result of
the degree of decomposition (Price 2003). The degree of decomposition generally increases
with depth in the peat pro le leading to a similar reduction of compressibility in deeper layers
(Rezanezhad et al. 2016). Although the term pedimechange is commonly used to refer

to this behavior of compression and expansion, the change in volume is mainly manifested
by shrinkage and compression of peat in the vertical direction (Kennedy and Price 2005),
displaying itself through a rise and fall of the surface position of the mire. This change

in mire surface level can be the result of changes in soil volume both above and below
the water table. A decrease in the mire surface position in a drained mire was shown by
Price and Schlotzhauer (1999) to be caused both by shrinkage above the water table and by
compression in the saturated peat below the water table. In this particular study, compression
below the water table contributed more to the total volume change. The explanation could be
that lowering the water table increases the weight of the overlying soil so that the soil below
is compressed. This is likely to occur for drained mires with a large unsaturated zone. In
natural mires, however, the unsaturated zone is very shallow and therefore its contribution
to peat volume change is expected to be small in such systems. Changes in mire surface
position can also be affected by atmospheric pressure and methane gas dynamics. Falling
atmospheric pressures have been related to the expansion of entrapped gas volume, causing
a rise in the mire surface (Strack et al. 2006).

2.2 Water storage properties and compressibility

The expansion and compression of peat in uence water storage in peatlands. In fact, changes
in water storage are more affected by changes in soil volume rather than water table uctu-
ations (Price 2003). This is in contrast to mineral soils which do not have this ability to
expand and contract. Changes in water storage in an aquifer are governed by its storativity
S, de ned as the volume of water released from storage per unit area and per unit change
in head. For incompressible soils or uncon ned aquifers, storativity is typically equal to the
speci c yield S, the volume of water released from storage through drainage of the pores
due to gravity as the water table declines. For con ned aquifers, changes in water storage
mainly occur due to compression of the matrix and the aquifer thickiesEdr this case,
storativity is typically equal to the elastic storativi8; b, whereSs is a parameter called

speci ¢ storage related to the compressibility of the matrix. For highly compressible peat in
peatlands, both these processes may operate and affect water storage and storativity through

4



equation 1. Speci c yield is generally greater than the speci ¢ storage, however, in peat-
lands with relatively high compressibility, low bulk density, thick and poorly decomposed
peat layer, and large water table uctuations, the speci c storage component may be more
signi cant (Price and Schlotzhauer 1999). For shallow systems where pressure is relatively
low and water is not signi cantly compressiblg, is mainly governed by the compressibility

of the aquifer according to Equation 2 (whergis the density of wateg is the gravitational
acceleration and is the compressibility of the matrix). Speci c storage can thus be used as
a measure of the pro le-averaged compressibility, which relates both to the elastic properties
of the peat material and to water storage.

S=S, b+s, 1)
Ss= wg (2

Volume change (compression and expansion) in a thick layer mainly manifests itself through
changes in the vertical peat thickness. Thus, the elastic storeiyityb can be estimated
from the surface elevation changgz) per unit change in headllt) (Price and Schlotzhauer
1999):

dz

SS b: %

(3)

The hydraulic headh, or total head, is the sum of the pressure head (the energy due to
pore uid pressure) and the elevation head (the gravitational energy arising from elevation)
(Ge 2003). For peatlands, vertical gradients in hydraulic head can be assumed to be small
and negligible, meaning that the elevation and pressure head cancel outdiibas be
represented by either the pressure head or the total head. If the total head is constant for the
whole aquifer depth, it can thus be represented by the absolute water table p@¥itibp
measured in this project.

This is based on the assumption that most peat volume changes occur in the saturated zone,
or that the unsaturated zone is very small. When the unsaturated zone becomes dominant,
this will have implications on the de nition of elastic storativity as it is explained above.

As the water table declines, the thickness of the unsaturated zone increases. As a result,
the peat soil matrix in this zone loses the support provided by surrounding water, leading
to an increased mass that exerts pressure on the peat below. The result is a collapse of the
peat in the unsaturated zone as well as compression of the peat below. When the changes
in pore water pressure in the unsaturated zone are what cause changes in the mire surface
position, this will not be related to any changes in absolute water level. If elastic storativity

Is estimated as equal ttz=dh with dh represented by the change in water table position,

this de nition will not capture the actual change in head that occurs in the unsaturated zone
which could caus&, bto be overestimated.



3 Method

3.1 Site description

The 24 peatlands studied within this project are located in the countyastevbotten in
Northern Sweden. Geographically they are distributed into two groups, with 15 of the peat-
lands located northeast of Uanealong the coast of the Gulf of Bothnia, and 9 located ap-
proximately 60 km further inland, in the municipality of Vindeln (see the map in Figure 2).
Included are peatlands with different status (natural, drained and restored), and they were
also divided into four different ages classes based on theiryagmg intermediateold and

very old. The studied peatlands, their status, and age class, are listed in Table 1 and are
further described in the following paragraphs.

Figure 2: Map showing the location of the studied peatland sites located close to Vindeln (left) and
the sites on the coast close to Uartbat are a part of a peatland-chronosequence (right). The
coloring represents the age group each site was assigned to.



Table 1: List of the peatland sites studied within this project. Each mire is equipped with one logger
pair (onesite), with the exception of the mire Degewhich has 3 logger pairs, and the mire
Trollberget which has two logger pairs. The sites are grouped into 4 age clgssag(younger
than 1000 years)ntermediatg(1000—2000 yearsyld (2000-4000 years), ancery old(4000-8000
years). Two of the mires are not included in any age class because their age is unknown.

Site  Mire/Group Age class Status

2 Chronosequence young

70 Chronosequence young

43 Chronosequence young

13 Chronosequence young

10 Chronosequence young

52 Chronosequence intermediate

14  Chronosequence intermediate

18  Chronosequence intermediate

16  Chronosequence intermediate

62 Chronosequence intermediate

29 Chronosequence old

26  Chronosequence old

33  Chronosequence old

24  Chronosequence old

65 Chronosequence old

DA Degeb very old natural
DB Deged very old natural
DC Deged very old natural
S1  Stormyran very old natural
S2  Halmyran very old natural
S3  Halsingfors Stormyran very old natural
S4  Halsingfors open forest very old drained
S5  Halsingfors dense forest very old drained
RW  Svartberget (Russian Well) very old natural
SM  Svartberget (Shallow Mire) none natural
TB1 Trollberget E none recently restored
TB2 Trollberget W none recently restored

The peatlands located on the coast northeast ofdJane part of a chronosequence; a set of
peatlands within a restricted geographical area that share similar attributes but are of different
age. This chronosequence was created by the post-glacial uplift that causes the coastline
around the Gulf of Bothnia to continuously rise. The peatlands have in previous studies been
dated (Renberg and Segedstr1981) and divided into three different age classes (Wang et al.
2020; Wang et al. 2021); young (younger than 1000 years, n = 5), intermediate (1000-2000
years, n = 5) and old (older than 2000 years, n = 5). Due to their close location to each
other, the peatlands are subject to similar underlying geology (mineral soil), atmospheric
deposition, and climate patterns.

The peatlands in the municipality of Vindeln are located within the research siteadislden
Experimental Forest, Trollberget Experimental Area, and near Svartberget research station.
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The research area of Kudbksliden includes 4 mires (De@eBtormyr, Halsingfors Stormyran,
Stortjarn, Halmyran), as well as one drained peatland foresilgigfors forest), that are
studied within this project. All sites are at 260-300 meters above sea level, hence slightly
above the highest coastline (Externwebben SLU 2022). @e§tormyr is an intensively
studied peatland complex that consists of mires with different vegetation compositions but
that is dominated by Sphagnum moss and half grass. The deepest peat layers at Deger
Stormyr have been dated to 8000 years old and the peat thickness is 3-4 m on average and
approximately 8 m at most (Nilsson et al. 2008). It is underlain by a relatively imperme-
able layer of mineral glacial till and gneissic bedrock (Malstrl923). The mire located

at Trollberget Experimental Area was recently (fall 2020) restored through blocking of a
drainage ditch (which has been present for approximately 100 years) to re-establish wetter
conditions. The mire is equipped with two logger pairs, one located on the restored mire
(TB2) and one located downstream of where the ditch has been blocked (TB1), hence at a
section that is still drained by the ditch (although it is overgrown with vegetation and likely
has limited drainage capacity), allowing for comparison between the sites. Lastly, two mires
located close to the Svartberget research station are included in this study. For one of these
mires (RW), the conditions have been altered through deepening of the water outlet, which
potentially could result in similar effects as drainage.

In order to be able to investigate peat volume change capacity for mires of different ages,
the mires described above were divided into four different age classes. For the mires on
the chronosequence, the three age clagsang intermediateandold created by previous
studies (Wang et al. 2020; Wang et al. 2021) were used. Apart from Betier mires
around Vindeln have not been systematically dated. Nevertheless, they are evidently older
than the oldest chronosequence mires, and they are thought to be between 4000 and 8000
years old. They have in this project thus been grouped into the additional ageeriasdd

There are two mires, however (Trollberget and Svartberget (Shallow Mire)), for which the
age is unknown and they are thus not included in any age class. All sites have been probed
to determine the peat depth where the water level loggers were installed (see Figure 3 for the
depths and comparison between sites).



Figure 3: Probed peat depth at the sites where the water level loggers were installed. The sites are
sorted for increasing age and the age for each site is shown as numbers [years] on the bars.

3.2 Data description
3.2.1 Groundwater level measurements

This thesis is based on time series measurements of groundwater levels at the studied peat-
land sites during May — November 2021, using pairs of Odyssey® Xtreem Capacitance Wa-
ter Level Loggers. Water level was measured both relative to a xed elevation (the absolute
groundwater level) and relative to the mire surface (the relative groundwater level). From
these measurements, it is possible to obtain the absolute water level relative to the mineral
soil underneath the peat layer, the water level relative to the mire surface (i.e. the water table
depth), and the absolute mire level. The data collection was not a part of this thesis project
but its execution will be outlined in the following sections for understanding of the origin of

the data.

Capacitance-based water level loggers

The groundwater level data used was measured by Odyssegem Capacitance Water
Level Loggers (Figure 4). This measuring device consist of a Te on-coated sensor cable held
down by a weight that measures the capacitance outside the cable in order to convert it to
water level height. A capacitor is made up of two conducting plates or cylinders, separated by
a material with insulating properties called a dielectric. The recorded value of the capacitor
is directly proportional to the area of the two plates. In the Xtreem sensors, Te on is used as
the dielectric. In the Xtreem sensors, one plate is the measuring element covered in Te on
(Te on is the dielectric) and the other plate is the water in which the sensor is immersed.
Since the recorded value is proportional to the area of the plates, the variation in capacitance
is directly proportional to the variation in water table height of the water which is in contact
with the Te on sensor (Data ow systems LTD 2020).



Data recorded by the loggers were collected from the eld using a smartphone application
that directly uploads the data to a data portal (the Data ow Xpert Portal). The loggers had
been calibrated in a lab before installation in the eld according to instructions in the user
manual (Data ow systems LTD 2020). The sensor cable was marked in two places (one
mark close to each end) and then lowered into a container lled with tap water up to each
mark. The value recorded by the logger at each mark was entered into the Data ow Xpert
Portal together with recorded logger temperature, allowing the software to calibrate the log-
ger according to the measurements. The length of the Te on sensor was 1 m except for site
70, 20, 43, and 16 which had a sensor of 0.5 due to the shallow depth of the mire.

Figure 4: lllustration of the Odyss& Xtreem Capacitance Water Level logger used for
groundwater level measurements (Data ow systems LTD 2020).

Logger set-up

The loggers measuring water level at the studied mires were set up as part of an internship
project at the beginning of summer 2021. The idea of the method used is to determine the
level position of the mire surface by obtaining the water level from two different types of
setups. Each site was hence equipped with two Odyssey loggers as shown in Figure 5 and
6; one xed relative to the mineral soil layer beneath the peat by a construction with metal
poles anchored in the underlying layer, and one attached to a plastic grid placed on top of the
mire surface. This allows measurements of the water level relative to the xed substratum
below, and of water level relative to the moving peat surface. The loggers and the sensor were
protected by a screened PVC tube which allows water to pass through but without solids and
dirt which could damage the sensor. By knowing the length of different components of the
setup (.3, absolute groundwater leveG{V L ») relative mineral soil layer below, relative
groundwater levelGW L) (or water table depth), as well as the surface position of the mire

(Z mire) relative to the mineral soil could be calculated (Equation 4, 5, 6).

Each unique peatland has one pair of loggers installed to measure the water levels, with a
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few exceptions. DegérStormyr was equipped with a triplet of logger pairs on three separate
but nearby sites on the mire (DA, DB, DC)aldingfors forest was equipped with one logger
pair on a site with an open forest (S4) and one pair on a densely forested site (S5). The
recently restored mire at Trollberget was equipped with one logger pair on the restored mire

while a second pair was installed on a site downstream of where the drainage ditch had been
blocked.

GWLA=Ha+Lat La2 Las (4)
GWLr= Lri Lgr» Hgr ()
Zmire= GWLA + GWLR (6)

Figure 5: lllustration of the groundwater level measurement setup with a pair of loggers. One logger
measures the absolute groundwater le@ML 5) by being xed to the underlying mineral soil, and
one logger measures the relative groundwater |&s8V ( g) by being attached to a grid oating on
the mire surfaceGW L o andGW L i are calculated from the distancés;: length of left metal
tube, Lao: distance from the top of the left metal tube to the top of the blue logger tase,
distance from top of the blue logger case to the bottom of the welght, distance from the top of
the blue logger case to the bottom of the red drigh: distance from top of the blue logger case to
the bottom of the weight, and al$t, andHg: the height of water measured by the sensor relative
the bottom of the weight.
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