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Abstract

The study represents results on remote sensing methods based evaluation of land use and land use changes in former
and existing peat extraction areas in Latvia. The aim of the study is to elaborate activity data set for the National
GHG inventory for the wetlands remaining wetlands for peat extraction. The study results provide sufficient data for
application of the default emission factors for the peat extraction sites and flooded lands. Abandoned peat extraction
fields, which are not yet afforested, flooded or rewetted should be reported as peat extraction sites following a
conservative approach in application of the emission factors. The study results can be used to report land use changes
since 1990; however, linearized approach in calculation of the land use change may result in overestimation or
underestimation of GHG emissions in certain periods of time. According to study results, the area of peat extraction
sites is considerably bigger than currently reported in the National GHG inventory, mainly due to considerable areas
of abandoned peat extraction fields. Flooded lands may be a significant source of emissions and should be introduced
in the National GHG inventory to secure consistency of reporting. Methodology for calculation of GHG emissions
from flooded lands should be also elaborated. It is also necessary to elaborate emission factors for fertile and non-
fertile peat extraction sites and continue work on separation of different soils in the inventory to increase accuracy of

calculations.
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Introduction

Latvia is taking part in the worldwide climate
change mitigation process and together with
other countries Latvia signed the United Nations
(UN) Framework Convention on Climate Change
(UNFCCC) in the UN Conference on Environment
and Development in 1992. The Parliament of the
Republic of Latvia ratified the UNFCCC on February
23, 1995. On May 30, 2002 the Parliament ratified the
Kyoto Protocol (KP). As a member of the European
Union (EU), Latvia has obligations also under the
Regulation No 525/2013 of the European Parliament
and of the Council on a mechanism for monitoring
and reporting GHG emissions and for reporting other
information at national and the EU level relevant to
climate change and repealing Decision No 280/2004/
EC. This regulation comprises reporting to fulfil the
EU Effort Sharing Decision (406/2009/EC) and the
EU LULUCF Decision (529/2013/EU). Commission
Implementing Regulation No 749/2014 and the
Commission Delegated Regulation No 666/2014
determine implementation of the Regulation No
525/2013. Under the UNFCCC, KP and above
mentioned regulations, Latvia is required to provide
annual information on anthropogenic greenhouse
gas (GHG) emissions by sources and removals by
sinks of all GHG not controlled by Montreal Protocol
from following sectors: Energy, Industrial Processes
and Product Use, Agriculture, Land Use, Land Use
Change and Forestry (LULUCF) and Waste.

During the second commitment period of the
KP Latvia decided to account GHG emissions
and removals from forest management as well as
mandatory activities listed in the KP paragraph

3.3 — afforestation, reforestation and deforestation
(Ministry of Environment and Regional Development
of Republic of Latvia, 2015). According to the
Proposal for a Regulation of the European Parliament
and of the Council on the inclusion of greenhouse
gas emissions and removals from land use, land use
change and forestry into the 2030 climate and energy
framework and amending Regulation No 525/2013
of the European Parliament and the Council on a
mechanism for monitoring and reporting greenhouse
gas emissions and other information relevant to
climate change (LULUCF regulation) accounting of
forest lands, grasslands and croplands will become
mandatory in 2021 and accounting of wetlands will
become mandatory in 2026, respectively these land
use categories will have their emission reduction
targets.

Managed organic soil is one of the largest key
sources of GHG emissions in boreal and cool temperate
moist climate regions in Europe (Salm et al., 2009).
However, scientifically based accounting methods for
GHG emissions have been developed and activity data
are available mainly for organic soils in boreal climate
region (Laiho, 2006; Lupikis et al., 2017; Lupikis &
Lazdins, 2017; von Arnold et al., 2005). For instance,
the default emission factors in the 2013 Supplement
to the 2006 IPCC Guidelines for National Greenhouse
Gas Inventories: Wetlands for forest land on drained
nutrient-rich organic soils in the boreal zone are based
on data from 62 sites, while for the temperate zone,
there are data from only 8 sites and both nutrient-rich
and poor soils are lumped together (Blain et al., 2013).
Such a situation creates the risk of inconsistency of
the GHG inventories and makes complicated planning
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of the mitigation measures in national and EU climate
policies. Therefore, development of country-specific
Tier 2 or Tier 3 GHG accounting methods including
activity data sets and emission factors are urgently
needed for a cool temperate moist climate region
representing the majority of organic soils in the EU
(Lupikis & Lazdins, 2017).

GHG emissions from wetlands should also be
evaluated in light of the climate change projections
creating new challenges not only in forest management
(Baders et al., 2017; Jansons et al., 2016), but also in
development of climate sensitive mitigation strategies
for managed organic soils. When the climate becomes
warmer, GHG emissions will increase and current ‘net
sink’ systems may turn into ‘net emissions’ systems
(Norberg, 2017).

In Latvia, wetlands remaining wetlands is a key
category of CO2 emissions. Latvia reports emissions
(on-site and off-site) associated with industrial
peat extraction in this category. Aggregated on-site
emissions from soils in industrial peat-lands are
equal for the whole time series due to lack of data
about status of industrial peat-lands prepared for
extraction 20 — 40 years ago. Off-site CO2 emissions
are associated to the horticultural (non-energy) use of
peat extracted and removed. Off-site emissions from
peat used for energy are reported in the Energy Sector
(Gancone et al., 2017; Lupikis et al., 2017). The net
GHG emissions in wetlands in 2015 were 1012.05 kt
CO2 eq. N20 and CH4 emissions contribute to about
0.2% and 1.4% of total emissions from organic soils
(sum of on-site and off-site GHG emissions) in 2016
(Gancone et al., 2017).

According to the 2006 IPCC Guidelines, wetlands
include the land that is covered or saturated by water for
all or part of the year and that does not fall into the forest
land, cropland, and grassland or settlement categories
(Eggleston et al., 2006). In 2015, the total area of
wetlands in Latvia was 445.18 kha, including 27.0 kha
of peat-lands drained for peat extraction (according
to Table 3a.3.3 of the IPCC GPG LULUCF 2003, ed.
Penman, 2003). In spite of several attempts to improve
reporting of land use in Latvia, peat-lands drained for
peat extraction are still reported using outdated activity
data and in light of the requirements of the LULUCF
regulation there is an urgent need to improve activity
data on reporting of managed wetlands.

The aim of the study is to provide improved activity
data for accounting greenhouse gas emissions from
managed wetlands, particularly, to evaluate the status
of peat extraction sites to avoid double accounting of
emissions from soil.

Materials and Methods
The project methodology is based on remote
analysis of existing spatial data sources representing

land use and peat extraction — Forest inventory
database (updated in 2015) maintained by State Forest
Service (SFS), Land-parcel identification system
(LPIS, updated in 2016) maintained by Rural Support
Service (RSS), the wvectorised topographic map
(1:10000, updated in 2016) maintained by the Latvian
Geospatial Information Agency (LGIA), Map of
peatlands digitalized within the scope of the European
Regional Development Fund project and maintained
by Latvian Environment, Geology and Meteorology
Centre (LEGMC). Printed maps of peat extraction
licence areas provided by LEGMC were digitalized,
georeferenced and validated against public raster maps
within the scope of the earlier studies. Additional
information used in the study is Landsat satellite image
series from 1990 and aerophotographs (provided by
LGIA) from 2nd to 5th cycle (2003 — 2015), as well as
Sentinel 11 satellite image series from 2016.

Spatial analysis of the initial data was done using
QGIS, Grass GIS and SAGA software tools. Spatial
information is stored in Shapefile format, as multipart
polygons. The classification of land use and vegetation
types in former and existing peat extraction sites
within the scope of the study is organized as multi-step
procedure. The first step is creation of spatial layer
containing all peat extraction sites. To create this layer
digitalized information on peat extraction licences is
visually compared with aerophotographs and borders
of actual peat extraction fields (area within contour
ditches and area covered by drainage ditches) are
selected within borders of licence areas, which where
updated to actual borders of peat extraction fields where
necessary. Then aerophotographs are used to draw
addition parts of the polygons outside licence areas
nearby the existing extraction fields. Then normalized
difference vegetation index (NDVI) is calculated
for Landsat image fragments intersecting with Map
of peatlands and supervised classification method is
used to identify areas with NDVI index characteristic
for peat extraction fields (Bastiaanssen, 1995). Areas
exceeding 10 ha size are inspected visually using the
oldest available aerophotographs and peat extraction
fields not identified before are selected. The expert
judgement is used to add former peat extraction fields
not yet identified in licence database and in Landsat
images. A distance between drainage ditches, the area
surrounded by contour ditches and shape of fields are
used as the criteria to identify and to draw borders
of peat extraction sites. Attributes of intersecting or
nearest objects in the Map of peatlands (LEGMC) are
allocated to the identified peat extraction sites.

After creation of the spatial layer of former and
existing peat extraction sites (PES) it is treated in two
ways — by calculation of NDVI using Grass GIS and
Sentinel 11 satellite image series and separation of
woodlands from other lands and by visual inspection
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(using aerophotographs, 4th and 5th cycle) of water
regime to separate flooded, rewetted and other areas.
Visual inspection is also used to separate areas
extracted by milling and by digging method. The
threshold NDVI value for separation of forest and non-
forest lands is 0.45. After separation of woodlands and
non-forest land areas covered by trees less than 0.1 ha
in size is moved to non-forest lands. The water regime
categories separated during the visual inspection
are active or recently abandoned peat extraction
sites (no vegetation or surface water, signs of peat
extraction like roadside piles, road network, ditches
are easily identifiable, these sites are considered as
drained), sites where peat extraction is terminated
(no fresh signs of peat extraction, no continuous
woody vegetation, uncertain water regime); peat
quarries extracted using digging method (not flooded,
uncertain water regime); flooded areas (no continuous
water cover, high groundwater level, considered as
rewetted sites); ponds (small water bodies, considered
as flooded areas); large water bodies (continuous
water cover, considered as flooded areas); other lands
(usually forest, cropland or grazing land, considered
as drained).

The next step of the analysis is intersection of PES
with Forest inventory database, LPIS and topographic
maps to identify areas with legal status forest
land, cropland, grazing land and settlements. The
remaining area where peat extraction is terminated,
peat is extracted using digging method and other
lands is intersected with the spatial layer separating
woodlands and non-forest lands according to Sentinel
Il data analysis. Additionally, all areas are intersected
with peat extraction licensing spatial layer to separate
areas where peat extraction is permitted according to
existing agreements.

The resulting 2 sets (within and outside existing
peat extraction licence fields) of spatial layers are:
(1) forest land, (2) farmlands (cropland, grassland
and orchards), (3) settlements, (4, 5) flooded areas
(accordingly, ponds and large water bodies), (6)
rewetted areas, former peat quarries including (7)
afforested land and (8) area with herbaceous and shrub
vegetation, abandoned peat extraction sites including
(9) afforested land and (10) area with herbaceous
and shrub vegetation, and other land including (11)
afforested land and (12) area with herbaceous and
shrub vegetation and (13) peat extraction sites. After
intersecting the spatial layer were merged together
and topology errors were manually corrected using
QGIS built in functions. The errors were identified
using Topology Checker tool. After correction of
topology areas of polygons were recalculated and
used for analysis.

Areas in the spatial layer 2 are already reported
under cropland or grassland in the National GHG

inventory, area in the spatial layer 3 is already
reported under settlements, areas in the spatial layers
1, 7, 9 and 11 are already reported under forest land
category, areas in the spatial layers 4, 5, 6, 8, 10, 12
and 13 should be covered by the default value from
the Table 3a.3.3 of the IPCC GPG LULUCF 2003
used to characterize the land used for peat extraction.

The GHG emissions from areas in spatial layers
4 and 5 should be calculated according to the
methodology for flooded lands (Vol. 4, Chapter 7,
2006 IPCC Guidelines, Eggleston et al., 2006), in
the spatial layer 6 — according to methodology for
rewetted lands (Chapter 3, Wetlands Supplement,
Hiraishi et al., 2013), in the spatial layers 8, 10, 12,
13 - according to methodology for drained organic
soils (Chapter 2, Wetlands Supplement, Hiraishi
et al., 2013). Considering conservative approach
emission factors for nutrient-rich soils in temperate
moist climate region should be applied in the areas
in the spatial layers 8, 10, 12 and the emission factors
for nutrient-poor soils — in the spatial layer 13. For
all land use categories emission factors for organic
soils should be used to conform to the conservative
approach in reporting of GHG emissions.

In the land use change calculation, it is assumed
that peat extraction in quarries is terminated before
1990. In forest lands with records in the Forest
inventory database, the actual age of forests is used
to determine the year of afforestation. For other land
use categories, linear regression is used assuming
that former peat extraction areas transformed into a
forest land, cropland and grassland, the settlement
or flooded land gradually reached current land use
structure in 2016.

Results and Discussion

The total area of former and existing peat
extraction sites identified in the study is 54.9 kha. The
total number of separate polygons is 237 and they
are representing 185 records in the Map of peatlands
(LEGMC). The average size of polygon is 0.2 kha.
The total area of forest land legally transferred into
a forest (spatial layer 1) is 9.6 kha, including 2.3 kha
afforested after 1990. Area of cropland and grassland
(spatial layer 2) in former peat extraction sites is 0.8
kha. Area of settlements including summer cottages,
houses, streets etc. (spatial layer 3) is 1.9 kha.
According to Sentinel Il data analysis only 16% (8.2
kha) of the former and current peat extraction sites
conforms the selected NDVI threshold value.

The area of active peat extraction sites with
ecasily identifiable signs of management activities
(spatial layer 13) is 12.1 kha. Flooded areas are 5.3
kha including 0.2 kha of ponds (spatial layer 4) and
5.1 kha of larger water bodies (spatial layer 5). The
rewetted area (spatial layer 6) is only 15 ha, because
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Farmland (2) 1.4%

Forest land (1, 7, 9,
11) 23.1%

Settlements (3) 3.5%

Flooded land (4, 5)
9.7%

Rewetted land excl.
forest (6) 0.0%

Peat extraction &
abandoned fields (13,
8,10, 12) 62.3%

Figure 1. Distribution of area of extracted peatlands.

the areas under wet forests are already accounted
as forest lands. The area of abandoned peatlands
extracted using a digging method, excluding areas
which are already transferred into Forest inventory
database, is 114 ha. 16% of this area is already
afforested (spatial layer 7) according to Sentinel Il
data analysis. The total area of identified peat quarries
is 2.4 kha. The area of abandoned peatlands extracted
using a milling method is 16.3 kha, including 0.3 kha
of afforested area (spatial layer 9) and 16 kha of areas
covered mainly with herbaceous vegetation or small
groups of trees (spatial layer 10). The area of other
extracted peatlands is 8.7 kha, including 2.7 kha of
afforested area (spatial layer 11) and 6.0 kha of areas

covered mainly with herbaceous vegetation or small
groups of trees (spatial layer 12). Summary of the area
distribution of extracted peatlands is shown in Figure
1. Most of the area is covered by currently active
(spatial layer 13) and abandoned (not afforested yet)
peat extraction sites (spatial layers 8, 10 and 12).
Most of peat quarries are already afforested. Active
peat extraction continues in 22% of the total area of
peat extraction areas. Flooded and rewetted land in
total is 9.7% of the total from the area of land used
for peat extraction. However, part of forests (14%
forests on wet mineral and organic soils, Figure 2)
fulfils the main criteria for the rewetted land — a high
groundwater level during the whole vegetation period.

Dry mineral soils 1.8%

Wet mineral sgi

Drained mineral soils 9.2%

Wet organic soils 11.8%

2.2%

Drained organic soils 75.1%

Figure 2. Distribution of area of extracted peatlands.
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Figure 3. Linearized land use changes in areas used for peat extraction.

Forests on drained organic soils are 75.1% of the total
forest area intersecting with the Forest inventory
database, including 7% (from the total forest area) of
forests on fertile soils, where removals in litter and
dead biomass do not compensate carbon losses from
soil (Lupikis & Lazdins, 2017). Only 13.2% of forests
intersecting with the Forest inventory database are
growing on mineral soils. Notably,drained and wet
mineral soils may fulfil threshold values for organic
soils according to IPCC 2006 (Eggleston et al., 2006).

Assuming that forests, which are older than 20
years and intersect with the Forest inventory database,
changed their land use status before 1990, the total area
of the former and existing peat extraction sites, which
should be reported as wetlands in 1990 is 47.5 kha.
The use of conservative approach in the calculation
of GHG emissions requires an assumption that these
lands were used or prepared for peat extraction in
1990, respectively, the most conservative emission

factors (the ones for peat extraction sites and not
for those used in wet organic soils) from the IPCC
Wetlands supplement (Blain et al., 2013) should be
applied to calculate GHG emissions to characterize
GHG emissions in 1990. This assumption may lead
to potential double accounting of GHG emissions
in wetlands and forest land, because some of forests
identified by the NDVI analysis in Sentinel II satellite
images may be older than 20 years, but it fulfils
requirements of conservative approach. Updated
information on the age of forests not intersecting
with the Forest inventory database would increase
accuracy of the calculation of GHG emissions;
however, gathering of such data, using accessible
methodologies, is very costly and obtained emission
reduction will not compensate the expenses.

Land use change estimates elaborated within the
study are summarized in Figure 3 and Table 1. The
area of peat extraction fields including abandoned

Table 1
Summary of land use changes
Land use 1990 1995 2000 2005 2010 2016
Farmland (2) 0.0 0.1 0.3 0.4 0.6 0.8
Forest land (1, 7, 9, 11) 7.3 8.3 9.4 10.4 11.5 12.7
Settlements (3) 0.0 0.4 0.7 11 15 1.9
Flooded land (4, 5) 0.0 1.0 2.0 3.1 4.1 53
Rewetted land excl. forest (6) 0.0 0.0 0.0 0.0 0.0 0.0
Peat extraction and abandon fields 47.6 45.1 42.5 39.9 37.3 34.2
(13, 8,10, 12)
Total area 54.9 54.9 54.9 54.9 54.9 54.9
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Figure 4. Area which should be reported under wetlands category of the GHG inventory.

areas continuously decreasing, however, the study
also approves a necessity to include calculation of
emissions from flooded lands in the GHG inventory.
Considering that flooded lands are not represented
in the GHG inventory report, methodology for
calculation of the emissions should be elaborated or
a relevant methodology from IPCC 2006 or Wetlands
supplements should be applied. The share of rewetted
areas is insignificant; therefore, this land use category
can be merged with flooded lands and emissions can
be calculated using the methodology for flooded lands.

The total area of wetlands drained for peat
extraction has been considerably reduced since 1990
(Figure 4); however, it is still bigger than the currently
reported area in the GHG inventory report (27.0 kha)
due to a large area of temporarily abandoned peat
extraction fields (64% of the total area in Figure 4 in
2016). These figures should be used in the National
GHG inventory to avoid underestimation of GHG
emissions due to management of wetlands. The study
does not respond to the question if the emission
factors for nutrient-rich or poor soils should be
applied to these areas, respectively, what is a share
of raised bogs (nutrient-poor sites). A conservative
approach requires the use of the emission factors
for nutrient-rich soils; however, it would lead to a
considerable overestimation of the emissions, because
most of active licenses were digitized during the study
application to nutrient-poor peatlands (raised bogs).
The default IPCC 2006 emission factors for nutrient-
rich and -poor peat extraction fields are equal for the
temperate moist climate region; therefore, separation
of soils by a fertility class will not result in different
GHG emission estimates and total values presented
in Figure 4 can be used in GHG calculation until soil
type specific emission factors are elaborated.

The default data source for reporting of land use
is National forest inventory (NFI). In future, GHG
inventory submissions the NFI should be integrated
with the more detailed polygon analysis provided
in this study to avoid double accounting of the
emissions. The area of land summarized in Figure 4
should be reported as wetlands remaining wetlands,
the land used for peat extraction. Other land uses
and land use changes will be reported within the NFI
procedure for reporting of land use changes. Quality
assurance should include comparison of the specific
land use changes and linearized approach provided in
this study and harmonized where necessary.

Conclusions

1. The study results can be used as land use activity
data for calculation of GHG emissions in wetlands
category of the National GHG inventory, including
land use changes since 1990. However, further
improvements are necessary to interpolate land
use change data.

A linearized approach in calculation of emissions
may result in overestimation or underestimation
of GHG emissions in certain periods of time;
however, the application of the obtained figures
avoids underestimation of GHG emissions due to
the management of wetlands, as it happens in case
of application of the default values available in the
inventory guidelines.

The area of peat extraction sites is considerably
bigger than currently reported in the National
GHG inventory, mainly due to the abundance of
abandoned peat extraction fields, which are not yet
afforested or flooded.

There is a need to introduce a new land use
category — flooded land — into National GHG

32
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