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Background

This study wasonductedwithin a project of the European Climate initiative (EUKI) of the Federal
Ministry for Environment of Germany (BMU) with partners from Germany, Estonia, Latvia and
Lithuaniaand aimed at GIS basedsessment of Peatland area suitable for the implemeniafiow
Paludiculture in the Baltic countries. THatabase compilatiorGIS analyseandrankingof

readiness categories should support the selection obtiptial paludiculture site ina&ch Baltic
country forcompilation of preplanning documenis another activity of the Project. A generalised
PanBaltic overview of readiness categories was envisaged as a base in policy consultation and
decision making in Climate change mitigation and adaptation strategies and the reform process of
the Common AgricultutdPolicy (CAPProject partner Estonian Nature Fund (ELF) had the lead in
coordination of he GIS teams in Latvialake and Peatlath Research Centrend Lithuaniaat
Lithuanian Fund for Natur@heGerman Project leadMichael Succow Foundation partniarthe
Greifswad Mire Centregave input from gperienceswith paludicultute potential assessment studies
in Germany to set up the study design.

Common methodology

Before starting with analysis wodGIS databaseith relevant informatiorfor future implementation

of paludiculture in the Baltic stateswas compiledin each country (see methodologi@s Country
sections) Analyses and integration of the available datere processed to national overview maps
for suitability for paludiculture Teams inEstonia and Latvia had a more detailed approach
discriminating 11 categories (s&stonian sectiomnd Latvian sectiorsections). While in Lithuania a
four category approach was used for national overview (seleuaniansectior). For a bettegeneral
overview for all thre Baltic countriescountry approaches were harmonised and generalised to the
Lithuanian four category approach resultiimga generalisedPanBalticmap, indicating suitability of
wetland areas fofuture paludicultureimplementationin four colour classeseeFigure32. Suitability

of land for paludiculture in Estonia, Latvia and Lithuania

Green: suitable areas

Yellow:fully suitable aeas after careful consideration of restrictigns
Orange: conditionally suitable areas after comsation of major restrictions
Red:areas not suitable for paludiculture

= =4 -4 -

GIS analysdelivered polygons in ArcGIS. Technically, tables temefore generated in the
following way

1. Polygons were generatad four colarrs: green, yellow, orange, ragpresenting the
suitability categories

2. Dissolve toolvas usedo generalse polygonsAdjacent polygons, sharimgzommon border,
were merged.

[6]
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3. Deletionof small polygons. In case of green, yellow and orange areas, the sigedldrevas
1 ha.TheRedcategory includes afiolygonsizes

A merge tool was used to integrate polygons from various Baltic countries. For instance, polygons
indicating suitablearas f or paludiculture (,green“ areas)
Latvian and Lithuanian polygons. Similarly, other suitability classes were merged.

The &sessment of wetland soils was carried out in four consequential sseed-{gurel. Steps in
spatial assessment of land suitability for paludicuBurél) land assessment, (2) infrastructure
assessment, (3) detailed assessment and (43ienverification. The above described amaodes
resulted fromnational analyses followingteps 1 and 2Detailed description of assignment of sites to
the different categories is described in the Country secti®@teps 3and 4 were applied for selection
of concrete paludiculturgilot sitesfor preplanning

G I S m o d e | | i n g Onssite verification
Organic contruction Cultivated crops
companies . )
Wetland inventory

- data N

Soivee
N Ortophotos

i . Heating plants

oo o 1

bog, transition mire

Field visits

Storage places

Nature

Peat production conservationareas | | Stakeholder
facilities ] (Protected objects) assessment -
Drainage level
Planning facilities
Step 1 Land
feasibility Eelectricity grids l— Step 4 On site
- - Step 3 Detailed assessment
Heating grids assessment
Step 2

Infrastructure

Figurel. Steps in spatial assessment of land suitability for paludiculture
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Estonian section

Methodology

Modelling of climatesmart management and utilization gfeatlands requires quantitave spatial
assessment of several GIS data layers, including map algebra, combining different data, distance
analysis etc. We applied mostly rasteased modelling. To ensure suiict spatial detail, while
considering limitedcomputer resources, the chosen pixel size was 1 pixel representing 10 x 10 m. Due
to limited computational capacity, cost distance was analysed in 1 ha pixels.

Processing of vector datdMeandering of streams was analysed, comparing the length of polylines
(stream segments) with direct distance between endpoints of these segnmeunttt meandering was
used to define if ditches are natural or artificial and inherently related drainage effects.

Spatial analyst tools The model is a sequence of map operatiotmnbining different data and
parameters. The most usual operations are the following:

- Conditional tools. These tools filter maps in relation to the quantitative values or qualitative
terms. This is the most common approach to combine two datasets. Fanoestit extracts
agricultural peatlads from soil map and land use map.

- Distance tools. When analysing economic feasibility of paludiculture, distance from roads,
heating houses and other infrastructure might be critical. Various distance tools, such as
Euclidean and Path distance, can indicate the ratio of logistic feasibility.

- Caell statistics. From several map layers, minimum, maximum, mean, sum and other statistics
were calculated. This enables, for instance, rating suitability of paludiculture agaweral
criteria. We used cell statistics, for instance, to combine various types and subtypes of
paludiculture suitability to one | ayer. The 1

- Map algebra. Sometimes, an output map could be generated, raguftom an algebraic
expression of one more input maps. For instance, map algebra was used substituting missing
data with zeros.

- Focal statistics. We used focal statistics to assess the vicinity of streams.

- Reclass. We applied reclass to reclassify daifg] use classes, drainage rates and other
variables for our model.

- Region group. Preselection areas were grouped to continuous regions where each region has
a unique IBcode and is spatially isolated from other regions. In that way zonal geometry and
statistics were assessed.

- Zonal geometry. After the preliminary suitability assessment, each preselection site requires a
sufficient surface area (for instance, just one are (10 X 10 m) is not feasible). Determining that,
zonal geometry was applied.

- Zonal statistics. To interpret model output, zonal statistics was used, for instance, to analyse
the results through various administrative regions.

In general, the assessment was divided to four sequesitigds (1) land feasibility, (2) infrastructure
(3) detailed assessment, and (4)-site assessment~{gure2. Modelling of paludiculture areas in
Estonia, step AndFigure3. Modelling of paludicultur@reas in Estonia, steps 2, 3 arjdWe propose

paludiculture pimarily to drained wetland soils.

[8]
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Input datawasmostly in vector formatvhich was ofterconverted to raster to enable spatial analysis.
For visualisation purpose, some output data were converted back to vector format: points, lines and
polygons. For inance, centroids of proposed paludiculture fields make these areas well visible in the
pan-Baltic map.
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Figure3. Modelling of paludicultur@areas in Estonia, steps 2, 3 and 4

In order to maintain country specific information that seems to be relevant for a finer differentiation
for future planning of paludiculture implementation in Estonia, each of the main four colour classes
sets were dividd into further which will be explained in detail in the next section.

General assessment was based on information providélthbiiel. Overview on specification of the
discriminated 11 Sybtypes in Estoaiad based on following assumptions.

- Eachartificial ditch drains bog soils in the radius of 50 m, fen soils and transitional soits,100
flood plain soils 120n (relevant soils are classified as peat soils which waitleast 30 cm
depth, soil map was provided by Estonian Land Board)

- Peat mines function as ditches.

- Land covered by areal drainage systems, identified in the infrastructure assessment, is
assumedo bedrained.

[10]
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- Wetlands are not drained if thEstonianMire Inventory* addr e s sed dr ai nage
even if hydrographic or infrastructure assessment suggested differently. It means that wetland
inventory did not expantbut only decreased drained areas.

In order to assess if a ditch is artificial or natueatydrographical approach wased-we assumed
that each stream with width below # is an artificial ditch if it is not sinuous. Sinuous is a stream with
sinuosity rate lower than 0,95.
. ... $SEOOARBGABRI VATEAERAI ET OO
YQ¢ 60€ i Qo0—— s
V€ awa VETAO

Sinuosity rate is between 0 and 1 where higher number means lower sinuosity.

! paal, Jaanus; Leibak, Eerik 2013. Eesti soode seisund ja kaitstus. Tartu: A Esgimian:State
and protection of Estonian mires).

[11]
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Tablel. Overview on specification of the discriminated 11 Sybtypes in Estonia

Subtype No of | Drainage | Landcover Paying Longlisted | Protection status
Subtype | systems Agency wetlands
to be
mined
. Croplands,
F_’aylng Agency 1 Yes - permanent - No
fields
grasslands
Arable land,
no Paying 2 Yes Cultivated No - No
Agency
Exhaus_ted 3 Yes Exhalst_ed i i NoO
peat mines peat mine
Areasfrom
peat mining 4 Yes - - Yes No
longlist
Forests on Forest:
drained 5 Yes trees, bush, - - No
wetlands young trees
Protected _
6 - - - - Restriction zones
areas
Target Target .
. conservation

conservation 7 - - - -

zones, natural
zones, natural

development
VETgE : Target
conservation .

8 - - - - conservation

zones,

zones, managed
managed
Forests on Forest:
wetlands, not 9 No trees, bush, - - No
drained young trees
Existing 10 No : Yes : :
paludifarms
Other wetland 11 i i i i i

soils

[12]
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Land feasibility for paludiculture development under different classes

Green: suitable areas

The final areas were sorted from preselection arezsch preselection area, exceeding 1 ha, was
qualified as suitable. Those preselection areas were those which were suitdtiéediedrained peat

soils but not in protected areas. Drained peat soils were those whichddifihe of three conditions:
drained according to hydrographical assessment, drained according to wetland inventory, or drained
accordirg to infrastructure asssment Tablel. Overview on specification of the discriminated 11
Sybtypes in Estonja

Green subtype 1: Paying Agency fieldf various types of fields, suitable ones wereplandsand
permanent grasslandshere land management is supported via different agricultural subsidies based
on data fromEstonian Agricultural Rgsters and Information Board (Paying Agen€gjal area nder

this land use class 722 ha Table3. Suitability for paludicultures Subtype classes and their total area
in Estonia.

Green subtype 2: Areas out from Paying Agg. Suitable fields were extracted from landcover map
where category '"cultivated | and’ was indicated.
out. Total area under this land use class 3 877 ha.

Yellow:fully suitable areas after careful consrdéon of potential restrictions

Yellow subtype 3: Exhausted peat mindsxhausted peat mines were extracted from landcover map.
The minimum feasible area of each isolated patch is EkRbausted peat mines coved92 ha of land
and their location is provided d&igure4.

Yellow subtype 4: Areas from peat mining longlidthe assessment results from the rate of drainage
in peat mining longligt In Estonia, a ligtf potentialareasand a map layer gfeatlandsfor peatmining
has been previously generated, containing 283 ha in 266 peat depositBigure4.). This is referred
here as 'l ongl i st 'for riring farumany decades.cToerfihabareasswer@ et
from preselection areas: each preselection area, exceeding 1 ha, was qualified as suitable.

In addition to paludiculture assessmemte shortened the longlist by ranking all areas according to

how much each is drained. We added the data of green netvigpksposing that peat could be mined

in the areas of less green networks and monalrained soils. Many peat deposits in the longtisnsist

of several isolated polygons. In the assessment, rather comparing deposits we compared all those
patches. As a result, our model proposes priority patdoesniningwh i ch we cal | her e
Thiscovers 24457 ha.

Yellow subtype 6: Fielden drained pealands inprotected areas | n , Gr eparhdffieldse ct i on
were sorted out due to being |l ocated in protect
subtype. However, target conservation zones were sorted out from Ifpresented under red

subtype)

2ist of peatland for potential mining based on legal act by Ministry of Environment (2017)
3 Green Networkand Estonian Soil MafEstonian Landboard)

[13]
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Orange: conditionally suitable areas after consideration of major restrictions.

Orange subtype 5: Forests on drained wetland soilie final areas were sorted from preselection

areas: each preselection area, exceedingalvilas qualified as suitable. The assessment results from

., Green” section was used to det éandodover maptindieated at e o
forests. Preselection areas were those, overlapping forests and drained wetland soils.

Red: Aras not suitable for paludiculture

Red subtype 7: Natural target conservation zon€som the layer of protected areas, natural target
conservation zones overrule all other cote and types. In the Estonian administrative system,
protected areashave o f t er ' restriction zones and strictel
di vided between 'managed target conservation zol
palud cul ture in "natural target conservation zones:s

Red subype 8: Managed target conservation zone&ny economic activity in such zone is forbidden
except those defined in the management plan. Usually, these are related to the restoration and
maintenance of sermmmatural habitats. Normally, paludiculture shouldt be allowed there. However,
traditional forms of paludiculture (e.g. making hay in flood plain etc.) might be supported there.

Blue: Possibly already existing paludiculture ared$e idea is that if a wetland soil is not drained
while it is managed, imight indicate an existing paludiculture. This class has two suhtypes

Blue subtype 9: forests on wetlands, not drainddandcover map indicated forests. Preselection areas

were those, overlapping forests and wetland soils while not affected by drainagfertunately, there

is no GIS data on the management of forests. Normally, forests on wetland soils are hard to manage if
the | and i s not dr ai ned. However, if this is the

Blue subtype 10: existing paludifarmdf wetland soil is not affected by drainage and it receives
support from paying agency, then our model predicts it as an existing paludiculture farm. However, a
detailed assessment has indicated that most of such paludiculture farms are actually ngpdetirs

due toimproper classification of streams.

Grey (subtype 0): other wetland soilsVhen not qualifying to any above mentioned class, wetland soil
was colared grey. Normally, such areas are not suitable for paludiculture while these are not
proteced either.

[14]
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Figured. Past and future peat mining in Estonia
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Methods to determine extent of drainage

A central question in spatial assessment getita soik are affected by drainage or noln order to do
so tydrographical approach wased which allowed to assess the qualities and extent of the impact
of artificial drainage system.

" 1
!
¥/

. Goraba
Kaisma sy e :
é > . ~E. ]
X , 3 [
K < » é}
3 | : "
{ JV 1 ﬁ
.- - ¥ ¥ 8 CA!
7 8 Viluvere.D C L N s A
akiila ~ : ? 7 "' =
rl' B Qe A Sl :
. 'S ] atspp ~
- ' ~*d :
7 \' . * \ ‘ Su 3
o ‘ ]
= e r
o e )
' ' 2 t b
= |
WUrSOT / 4 o/ o
s - p; - ‘
/ !‘.-."f!r'r,"i].';i’: raba el - : ‘\
.
@ v
. #
\\ |. y} < ~ 3
stream <=2m ' : : - : : : y/
stream 2-4m ? ,' '
stream 4+ m A ) /o
§ other P
ook )
0 0,751,5 3 7

45 6 B
- k o Piistaoy.
S = NS X

Figure5. Width of streams in Estonia

The most widespread stream type shows width cladsn2 Figureb. & Figure6.).
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Types of streams: pixel count
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Most of the Estonian streams, according to our model, are both narrow and stré&igjiré7.). Total
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Figure8. Peat and lansoils in Estonia

RN T N

In total, landcover assessmetifferentiates217 897 ha of bog soils, 7887ha of fen and transitional
soils as well as 60 44 oflam orflood plain soilsKigure8).

[18]
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Figure9. Impact of ditches to wetland soils in Estonia

Areal drainage systems cover 6820 heof agricultural areas and 699 821 ha of forestsall soil types

in EstoniaBased on the results of GIS analyses, in #WI&l362 haof peatsoils have been drained by
ditches Figure9.).

[19]



Paludiculture in the Baltics GIS assessment report

i

) —4

). Kaisma g ¢ 3 N '
S B : 3 /
o 8,/ " " ot i3 ;
P »..::.\ ‘, f : o
_,‘} :.~- ’4 \ £ { - 1 ' »v: _-(a
/ ]

Luy,
(=]

7

ﬂlli LT
==

{’ =l Et\ ¥
19/ Viluvere [Sg ==

1

N g o » °1‘“‘_,’ . l Q: [F L5 \f{\:" ‘— P = A ;

akila1

Ly

P

N

=
—
| i
—
| S—
——

BUrSOR/ XN
X

4 / }’ . 1 / /'.’ g m ::J" .. N

_ —— Streams

Wetland inventory T o e 3 » 2

/ Drainage impact ! / P, S T = 0 ’
&= 5 /A
/%- 0 7R =5 (1 . ' \-% A

3 45 6
km' !

B IOy Py IR

FigurelO. Status of Estonian wetlands according to drainage

3
i

%7 22 v/ > , 3 - {

Based on the results from Estonian Mire Inventove, identifiedthat 169 759 ha of wetlandsre not
affected by drainage while the remaining @84 ha is either affected or not assessed in that parameter
(Figurel0.).
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Figurell. Drained areas in Estonia

In combination of Estonian Mire Inventory data and GS assessmé8t 129 ha of wetlands were
defined as affected by drainaggigurell.).
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Green network contradicting potential peat mining development
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Figurel2. Green networks in Estonia

Green network is apatially broad concept in Estonia, containing green corridors and other areas. In
general, these are defined in spatial master plans. Their function is mostly provision of natural habitats.
An area of green network can be protected but not necessarigrmally it is legally not binding.
Instead, it usually serves as a recommendation hint for further planning. Green networks cover 2
495358 ha of the land territoryHigure12). Our model proposes not to plan peat mines to green
network while allowing paludiculture there.

Estonia has spatially mapped possible future peat mines wiesteiction from nature consent@sn

have not been established. It is assumed thattly these are extensions of existing mines and already
drained peat areas. As far as these areas contain peat for mining for a very long time, we call it here
" | o n@igured). Excluding green networks and wetlands with relatively naturally maintained
wat er regi me our mo de |l proposed a ’'peat mi ni
environmental protection targetsHigurel4.).
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Figurel4. Prioritisation of peat mines

From t he peat mi4Bliha, gst24l457da wak sharttisted for minidgd 5

Logistics and potential end -users

We assumed that a suitable paludiculture site must be fully within 30distance from thepotential
primary uses such as husbandry farms or boiler housgsis assessment included locations of roads
and pathsFigurel5.) as well a dataf primary users. This analysis excluded remote areas as logistically
unfeasible.
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Figurel5. Estonian roads
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Figurel6. Potential collection areas for paludifarms
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All boiler houses and animal farms \eedefined as potential primary users for paludifarms. It was
assumed in our model that a logistically feasible paludiculture sites must be close to any primary user.
For such assessment, transportation cost was assigned to various road Tabée2()

Table2. Transportion costs assigned to road types in Estonia

Road type Transportation  cost|
sedkm

Road 72

Trail 180

Landscape 1200

Our modelwas assigned to find the least cost path from each pixel to the nearest primary user. This
assessment step excluded some very remote arEagi{el6. white).

[26]
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Main r esults of GIS analyses n Estonia

- Paying Agency fields
Arable land, no Paying Agency
- Exhausted peat mines
- Areas from peat mining longlist
- Restriction zones
- Forests on drained wetlands
Natural target conservation zones

- Managed target conservation zones

Forests on wetlands, not drained

- Existing paludifarms
| Other peat and flood plain soils

Figurel7. Suitability of Estonian wetland soils for paludiculture

The modelling steps 1 and 2 resulted with 76 kiland suitable for paludiculture (greeseeFigure
17, Table3.).

Table3. Suitability for paludicultures Subtype classes and their total area in Estonia

Color Subcolor Subtype code Subtype name Area, ha
Green  a:light green 1 Paying Agency fields 72712
Green 2 Arable land, no Paying Agency 3877
yellow a:lime yellow 3 Exhausted peat mines 5492
yellow  c: light yellow 4 Areas from peat mining longlist 7 938
Orange | orange 5 Forests on drained wetlands 282 557
yellow  b: dark yellow 6 Protected areas, restriction zone 1209
Red 7 Target conservation zones: natural 109 427
Red b: light red 8 Target conservation zones: managed 106 478
Blue a: dark blue 9 Forests on wetlands, not drained 195 850
Blue 10 Existing paludifarming 2390
Gray 0 Other peat and flood plain soils 229 791
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Preselection of potential pilot sites

Whilelarge share oEstonian forests are owned by state, agricultural areas are mostly priviataré

18. orange colarr). However, we seekegilot sites from publicly owned agricultural aredsble4.,
Figurel8. green colar). Final stage for selecting pilot sites depends on outcomes from negotiations
between land owners and ELF.

Table4. Criteria for preselection of potential pilot sites (agreement sites) for future paludiculture pilots in Estonia

Step 1| Primary user (animal Land Neighbourhood| Stakeholder
farm, boiler house) | ownership attitude
Green| Close Public Coherent Positive

Private
- Municipal

State

Other

- Paying Agency fields

Figurel8. Land ownership and Paying Agency fields in Estonia
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Paying Agency

0510 20 30 40
e -k

Figurel9. Suitable sites in statewned areas. Intermediate results from step 3

Land ownershigssessment gave many large forest areas to orangeicdldd green and yellow
colour, the number of sites was much more limitdeiqurel9., Figure20.).
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Wea-amet

The final procedure in step 3 was coherence as
neighbourhood. Instead of modelling, this was proceeded accgrttimemote sensing, using vawis
maps and ortophotos. The most prevailing exclusion reasamnigk of ovefloodingof neighbouring
cultivated areas. The number of remaining areas is 118, total area of such pilot 88&sh Figure

21).
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Latvian section

Methodology

Modelling of climatesmart management and utiition of peatlands in Latviaascarried out using
available geospatial data and various GIS tadiecompikd data basecomprises

Soil type and soil subtype for agricultural lands provided by Ministry of Agriculture;
Mining permit areas from project LIFE REstore;

Bog/fen database provided by Latvian Environment, Geology and Meteorology Centre;
Exhausted peanines data from project LIFESRore;

NATURA 2000 database;

Management plan of protected areas provided by The Nature Conservation Agency;
Micro-reserve database provided by The Nature Conservation Agency;

Rural Support Service database about croplands

Forest Registry database provided by Ministry of Agriculture;

Road network provided by Latvian Geospatial Information Agency;

Animal farm data provided by Agricultural Data Centre;

Biomass heating plant data provided by Latvian Environment, Geology anebidietgy
Centre;

9 Straw pellet factory data were obtaineginggoogle search engine.

=4 =4 =8 =8 -4 -8 -8 -f -a-a e g

Aim of GIS analysis was to classify all peatlands intmiiparablecategoriesfollowing the Estonian
approach Estonian section These caegories are later merged into tgeneralisecand merged to the
four classe®f the Lithuanian approach.ithuaniansectior) for the PanBalticoverview(Figure32).

1 Paying Agency fieldsAgricultural land orpeatland which isunder Rural Support Service
scheme

1 Areas out from Paying Agencigricultural land on peatland which is not under Rural Support

Service scheme

Exhausted peat mines

Areas from peat mining longlistAreas with active licences for peat minjng

Fields ondrained peatlands, protected areasAgricultural land on peatlands in protected

areas- agriculture is possiblender nature conservation restrictions

1 Forests on wetland sadl not drained. Areas from Forest Registry database, forastswet
mineral and oganic soils, not drained

9 Forests on drained wetland soilé\reas from Forest Registry database, forests on wet mineral
and organic soils, drained

1 Natural target conservation zonesProtected areaghat are strictly dedicated for nature
conservation. Apland management is prohibited

1 Managed target conservation zonesProtected areas that are dedicated for nature
conservation. Management plan includes necessary activities for conservation which might
include activities related to paludiculture.

1 Potentially existing paludifarms Areas from Rural Support Service database where cultivated
crop is related to paludiculture. Mighviclude crops lik€halaris arundinacearanberriesetc.
Validity for this class needs carefubof and verification omanagement practices to be in
line with paludiculture principles (e.g. surface near water level management, low or no
application of fertiliser, no ploughingpplication of soil preserving mearsures and technology
et c..) ;

1 Otherwetland soils Peatland area which are not included in above mentioned classes.

=A =4 =4
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Figure22. shows dogic flow chart that was followed for steps 1 and 3 of @I& analysi\ll data were
processedn vector format. In the beginning all datasets describing areasatiards were combined
in one | ayer f or miThiglayérAher wasvesdd ltoadistthguish all alypeatland
categories for the use of paludiculturStandardGIS toolsind routines had been applied

Union—computes a geometric union of the input featuréssed to combine similar datasets
Intersect—computes a geometric intersection of the input featurélsed to distinguish areas
that fall into one of the categories

1 Erase-computes a geometric differendeetween input features. Used to remove previously

T
T

di stinguished areas from “All wetlands” | ayer
1 Merge- combines multiple input datasets. Used to combine all 11 category layerimao
layer;

91 Dissolve- Aggregates features based on specific attributdsed to dissolve nearby areas of
the same category.

[33]
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Figure22. Modelling of paludiculture areas in Latvia, steps 1 and 3
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Figure23. illustrates seps 2 and3 of the GIS analysis for Latvigroximity analysisvas conductedor

the assessmentf potential paludiculture sites to paludicultutdomassconsumerdike: Sraw pellet
factories, biomass heating plants, animal farms and ath@roximity analysisised thenetwork
analysis toolsFor modelling and incorporation of a transport logistic netwakoad layer from
Latvian Geospatial Information Agency was used. Osphalt and gravel roads were considered as
suitable for the use of biomass transportation. Sub networks were generated to indicate distance from
consumer for up to 10 km via roads. Buffer of 1 km then was generated for created subnets to highlight
the area that are within 10 km via roads and up to 1 km off the road from potential paludiculture
biomass consumefhe g¢nerated buffer then was applied to creasenask to hide out areas that are
outside of area of interest. Pilot areas for implementatiorpaludiculturethen were selected based

on the proximity between potential consumers and suitable areas.

v

[ select asphalt and gravel roads HAsphaIt and gravel ru:uau:ls]—'[ MNetwaork preparation _

[ 1km Buffer generation H Consumer proximity subnets I‘—[ subnet preparation
|

Legend LGla - Latvian Geospabial information agency J

{.[Pmce ss][lnte rine digte result ]-

Figure23. Modelling of paludiculture areas in Latvia, step 2

[35]



Paludiculture in the Baltics GIS assessment report

Distribution of paludiculture categories in Latvia
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Figure24. Peatland suitability for paludiculture implementation.

Figure24. shows the resultingwerview magfor the distribution of peatlands in Laia andtheir
suitability for paludiculture implementation. Total area of different suitability classes are displayed
inTableb. The &rgest areas covered by forest or theig protected for nature conservation. However
more than 1400 ha of peatlands in Latvia is directly available for implementation of paludieultu

Table5. Area of different peatland suitability classes for paludiculture implementation.

Category Area (ha)
Paying Agency fields 106108
5262
Exhausted peat mines 39194
Areas from peat minintpnglist 4535
Forests on drained wetlands 142936
Protected areas 22052

Target conservation zones, natural 190945

Target conservation zones, managed 3739

Forests on wetlands, not drained 191887

Existing paludifarms 301

Other wetland soils | 285007
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Proximity analyses

AnExample of proximity analysis is illustrate&igure25. In this case proximity is shown to heating
plants that use biomass fuelRoads that are close to heating plant are shown in dark red colour, but
when distancdrom biomass consumeés becommg larger, colours are fading and becoming grey.

Proximity to heating plants (km)
= ==f ~=5 7 9
—2 —4 —i6 8 10

Figure25. Example of proximity analysis.
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Detailed maps for preselection of potential paludiculture sites

Some of results for pilot territory selection fpotential paludiculture implementation arghown in
FiguresFigure26., Figure27., andFigure28. In the centre ofigure26. astraw pellet factoryis
locatednear townof Mazsalaca. In close proximity there are few Paying agency fields that probably
can be transformed for paludiculture farming.

.. O X
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Figure26. Mazsalaca straw pellet factory.

On the right side of Figure 27 there are town of Tukuinese 5 heating plants are operating using
biofuels. To the west side of town there is river valley cowered with organic sediments. Agriculture
fields there are funded by Paying Agency and potentially are suitable for paludiculture production.
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Legend
QO Heating plant

Distance from heating plant (km)
| — o4
—1-2
— 23
— 34
— 45
— 5-6
- 6-7
7-8
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9-10
Wetland land use class
[ Paying Agency fields
B Arable land, no Paying Agency
Exhausted peat mines
Peat extracting licence areas

Protected areas, restriction zone
Il Target coservation zones, natural

Target conservation areas, managed
[7 Forests on drained wetlands
I Forests on wetlands, not drained
[0 Existing paludifarming

All other peat soils

Figure27. Tukums heating plant.

One more example is shown in Figure 28. White dots are representing animal farms and green areas
potentially are suitable for grazing.

*.:.‘::: Legend
N O Animal farms
Distance from animal farm (km)
— 01
—1-2
— 23
3-4
4-5
Wetland land use class
Paying Agency fields
B Arable land, no Paying Agency
Exhausted peat mines

OOOOOOD
CXXHXIH

Peat extracting licence areas
Protected areas, restriction zone
Il Target coservation zones, natural
Target conservation areas, managed
[ Forests on drained wetlands
I Forests on wetlands, not drained
[ Existing paludifarming
All other peat soils

Figure28. Ance cattle farm.
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Lithuanian section
Methodology

Modelling of climatesmart management and uttion of peatlands irnLithuania usedavailable
geospatial dataconversion ohon GIS dataand various GIS tool&nalyses werenainly done with,
open accesdatafrom the Lithuanian petand data baséwww.geoportal.l). Table6. lists the patial
data sourcegor analysing peatlanddistributionin Lithuania(in order of priority)

Table6. Sources of geospatial data about Lithuapéatlands

Source of data Area, ha %
Revised peatland quarry datg.ithuanian Geological Surv¢ 27 549 4,2
2018)*

Spatial data set of soils M1:0000 in Republic of Lithuaniq 447 405 68,4
(www.geoportal.l)®

Data of forestadaster $tate Forest Servic018)° 178 979 27,4

Based on this data bageeatlands were furtheattributed to 4 maincategories The following criteria
(in order of priority)for the categorgation were used:

1 Land use category (peatland (hd6), forest (ms0), arable land (az0), perennial grasslands (sd2),
peat mining sites (ed0), etcsee alsd-igure29);

1 Protection status(biosphere reservescomplex managed resergeor cultural managed
reserves, biosphere polygonsature managed resenge strict nature reserves, etc.);

9 Forest group(group II-IV minor restrictions or no restrictiongroup |1— not suitable for
paludiculture);

1 Habitat of European importance tyg§orest and peatland (except 7120) habitatst suitable
for paludiculture the rest types-major restrictions);

9 Declaredagricultural land.

GIS analysiand establisment of a set otriteria (see figure 1, steps-42) followed a logical scheme
(seeFigure29. Logical flow chart for assessment of the feategoriedor Paludiculture irLithuanig

to classify alLithuanianpeatlands intofour generalised classes which indicate the availability of a
drained peatland for paludiculture implementation in Lithuanihe more detaileccategories of the
Latvian and Estonian approaches for the Panbaltic overwiere later matched and merged to the
four Lithuanina categorie&ee Sectioiftombined ResulisAccording to their physical characteristics
(peat type, drainage etc.), legal status (protected, not protectadyl land use (agriculture, forestry
etc.)the categories are defing

1 1% category(Red) Reatlands not suitable for paludiculture, they includature reservesgU
importance peatland and forestabitats(except habitat 7120), valuable forests (group I)

1 2" category(Orange) Peatlands thaface major restrictions on changing the land use, the
category consists mainly of forested areas;

1 3 category (Yellow) Peatlands thahave less restrictions, it covers abandoned peatlands
which are not overgrown by forest;

4 https://www.Igt.It/
5 https://www.geoportal.lt
6 http://www.amvmt.lt/index.php/kadastras
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1 4" category(Green): Siitable Peatland sitesvith no restrictions to land use, mainly drained
agricultural areas.

Forest cadaster

Select forest
land on peat

Select peat soils

4

Check if site is active or
abandoned peat quarry

Select pEaﬂa nds
Incated on land use:

Check if pE[I‘I’IIt for
mlnlng is valid

Check if site is protected for
Protected ™
nature, lanscape or cultural [«
areas cadaster
values

Check forest = ’m =
<

management
restrictions

Land use map

Forest cadaster

Check if site has been
classified as EU im-portant
natural habitat

Database of EU
natural habitat types

. Check if site has been
y Aigrl(:u.llurzl Ialt:: classified as EU im-portant Legend
eclaration database e el m

Paludiculture suitability categories
I I . .

Figure29. Logical flow chart for assessment of the foategoriesdor Paludiculture iLithuania
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Distribution of paludiculture categories in Lithuania

The largest proportion of the area is grouped in tiecategory (41.0%) and in thé%Zategory

(38.1%) while slightly less than 18.2% of peatlands is allotatix 15 category. The '$category
contains an insignificant share of 2.7% only (TBhide7. Total area size of the four categories for
readiness of paludiculture implementation in Lithugni&hiss owed tothe methodological
approachand the assessmentdf preconditions for implementing paludidture, meaning that either
peatlands have major restrictions for paludiculture or no restrictions, e.g. majority of forested
peatlands were allocated to the"2category because of strict restrictions for other types of land use
than forestry.

Table7. Total area size of the four categories for readiness of paludiculture implementation in Lithuania

% from all
Category Name Area, ha O2dzy G N
peatland area

Areas_ not suitable for 116959 62 18.2
paludiculture

Conditionally suitable areas after

Il . . . L 244054.50 38.1
consideration of major restrictions
" Swtabl_e _areas after consideration 17202.12 27
of restrictions
v Full)_/ s_wtable areas without 26268953 41.0
restrictions
Total sum 640905.777 100.0

" The difference between total peatland area and peatlands analysed in the study is 13(28&hpeatland
coverage is 653 93387 ha) because some areas were excluded, e.g. gardens, water bodies, roads etc.
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Spatially Lithuanian peatlands are concentrated in the Eastern and South Western parts of Lithuania
with some concentration in the centre of the countAs a decision base for the selection of

potential paludiculture implementation sites a map for spatial distribution offthe categories in
Lithuania was made (Figure 3@B)gger peatlands in natural state have status of strict nature

reserves (T category), as it is clearly visible on the map. Peatland$%dategory are mainly

afforested sites and appointed as-calledforest land. Also, they include all mining sites (active and
abandoned), some of them covering rather huge aread(¢Bha), locatd in different parts of the
country. 3¢ category concentrates in the very Soutfest part because of landscape parks stretching
along the LithuaniaPolish border.

Legend

Categories of peatlands
B | category

Il category

Il category
I v category

‘ .‘ LIETUVOS
I‘:;-F GAMTOS
FONDAS
Data sources. 0 50 100 Author:

Peatlands DB © Lithuanian fund for nature

GRPK © The Ministry of Agriculture of the Republic of Lithuania e Km Lithuanian fund for nature, 2019

Figure30. Distribution of paludiculture categories.
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Distri bution of 4th category

Since the % category is the most promisirane regarding suitability for paludiculture, modetailed
analyses of itglistributionwere made Peatlands of @category are mainly concentrated in the
Eastern, Central, and Southern parts of Lithuania (F&3re& 31.) This distribution is partly
determined by the natural occurrence of peatlands and intensive agricultural areas in Central
Lithuania. Agriculturdbnd use dominates in the"4ategory, covering 206 149 ha or 78 % of all
peatlands. The rest of the peatlands consists of forests, wetlands, gardens, and scrublands.
Abandoned peatlands, which are neither included into fotast cadast, nor having hbitats, or
any protection status, are listed in this categai/well

Analysis of peat type distribution in four different paludiculture categories shows, theatgory is
dominated by fen peatland type (96 % of all areas'ic@egory). This isgutly determined by the
fact, that fen mires were drained and turned into agricultural lands very intensively dboinet
period. Whereas, majority of all raised bogs falls ift@dtegory (63 % of all inventoried raised
bogg, as the biggest bog mimplexesn Lithuana have a strict protection statyg.g. asature
reserve, telmological reserve, etc

|
H Ly ’ . | i
~ . N 7 ‘Ei:"‘j Eiezs s :
Legend ;‘E [j‘zijj TE T || M " - 14

Distribution of 4th category peatlands, o I L4
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Figure31. Percentage distribution of 4th category peatlands, suitable for paludiculture in Lithuania.
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Distribution of peatlands utilised in peat extraction

Abandoned peat mining siteshowgoodperspectivafor the implementation of paludiculture on
raised bogs. Currently, the total coverage of abandoned peat mining site®&51va (Figre 32.);

108 sites according tihe inventory of Lithuanian Geological Service. However, majority is either

overgrown by forests (2nd categort2 942 ha) or has valid permissions for peat mining (3rd
category- 879 ha). The rest of the peatlands covering 2005 ha is suitable for paltudé without
any restrictions as it is abandoned and not forestéidure 32 indicatesdistribution of cultivated

and abandoned peatland mining sites in Lithuasmrach are bigger than 10 ha.

Legend

I Cuttivated peatland querries
| Abandoned peatland querries

. UTIUANIAN
FUNO 1OR
Data sowrces 0 50 100 Author

Peatisnds DB DB © Lithuarsan hnd for natre [ — ] Lithuanian Fund for Nature, 2019

GRPK © The Ministry of Agricuture of the Republc of Linuania

Figure 32. Distribution cultivated and abandoned peatlarding sites in Lithuania (<10 ha).
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Distribution of peatlands which can be utilized for energetic purposes

Distance analysis of potential paludiculture biomass resources to heating plants and pelleting
factories in Lithuania for the 3rd and 4th categgreatlandswere donelt isconsideed that the
transportation of biomass up to 15 km from the place of extractian be realised cost efficiently
Buffer analysis showetthat 205181 ha of all wetlands and peatlands in Lithuaniairfiédi the buffer
zone with 15 kmradius to the biomass faciliti€gseeFigire 33). The assumption was made, that all
sites are accessible by roads due to wielveloped road network in Lithuania. The most promising
areas for development of this activity are perennial mead@md pastures (about 369 ha) located
in the buffer zones of biomass heating plants. Arable land and other land use categories occupy
35438 ha and 6836 ha respectively.

Legend

E Buffer zone of 15 km around heating
plants and pellet production sites

Catogeries of peatlands
Il category peatlands
IV category peatlands

S

Heating plants utilizing different types of biomass

A Pellet production sites

® Wood
@® Straw and gras
LETUVOS
Data sources: GasTos
Lithuanian Biomass Energy Association LITBIOMA 0 50 100 Author ot
Peatiands DB © Lith fund for :
GRPK & The Miristy of Agricuture of e Repetic of Linuonis IS Km Lithuanian fund for nature, 2019

Figure 33. Spatial distribution of Category Ill and 1V wetlands and peathatiis 15 km buffer around biomass heating
plants and pelleting factories in Lithuania.
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Biomass harvesting in protected areas

Based on reent daté, nature management plans were implemented until 2019 in 30 peatlands

(Figure .34), which totally coveapprox. 8 thousand ha (based on www.biomon.It and personal
collection of data). However, majority of these actions are focused on restoration of hydrological
regimes, while biomass harvestifay habitat quality managemerig not the first priority (espeally

in case of damaged raised bogs restoration). Biomass is harvested in approx. 6 peatlands, mainly
clearing of trees and bushes according to the management plan. The volume of removed regrowth of
vegetation generates insignificant amounts of biomass.

Legend

I Hydrological restoration
Harvesting biomass
[ Border of Lithuanian Republic

0 50 100

Data sources.

BIOMON © State Service for Protected Areas under the Ministry of Enviecament
Restored peatiands data © Lithuanan fund for nature

GRPK © The Ministry of Agriculture of the Republic of Lithuania
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Figure34. Management activities in protected peatlands in Lithuania.

8 https://biomon.lt/maps/index.php
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Combined results

For all three Baltic countries together in total 450 668rhtéhe’ g r eategorywere calculated
from 95 656areas(polygong. An average plot size was 6,2 ha. The maximum size was 4596 ha.

Table8. Numbers of areas (# areas) and total area size of the four readiness classes identified forBladtiPan
overview and country wise total areas sizes.

# areas Area EE [ha] ArealLV[ha] ArealT [ha] Harea

[ha]
Red 47 702 215906 194 684 116 960 527 550
78 857 282 557 142 936 244 055 669 548
40 831 14 639 65 781 17 202 97 622
Green 95 656 76 588 111 390 262 690 450 668
Total 263 046 589690 514 791 640 907 1745 388
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I Areas not suitable for paludiculture

[ Conditionally suitable areas after consideration of major restrictions
Fully suitable areas after consideration of restrictions

Il Suitable areas on the near term

Figure32. Suitability of land for paludiculture in Estonia, Latvia and Lithuania
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