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1 Sammanfattning 
Växthusgasutsläpp från markanvändningsförändringar som rapporteras av 

Sverige till FN Klimatkonvention och EU inom LULUCF-sektorn har de 

senaste åren ökat i betydelse eftersom de omfattar nästan alla 

konverteringskategorier. Det finns därför ett ökat behov av att öka 

noggrannheten och precisionen av de skattade utsläppen för alla. Nuvarande 

metod, som baserades på en studie från 2015, var i behov av revidering då 

den totala arealen som genomgått någon markanvändningsförändringar ökat 

de senaste 10 åren. 

Denna rapport beskriver revideringen av emissionsfaktorer för markkol och 

dött organiskt material för de olika kategorier av 

markanvändningsförändringar som rapporteras till FN och EU. 

Återinventerade ytor från Riksskogstaxeringen analyserades i verktyget 

RTWeb med ortofotografier från olika tidpunkter mellan 60-talet och 2023 

för effekter på markkol och förna som beror på ändrad markanvändning. 

Totalt analyserades 147 ytor för förändringar i markkol och förna som 

berodde på markanvändningsförändringar som observerats av 

Riksskogstaxeringen. Nästan hälften av de analyserade ytorna (54 %) var 

påverkade i markkol och förnapoolerna. De ytor som inte påverkats är 

mestadels provytor som inte genomgått en reell förändring av 

markanvändningen, men där Riksskogstaxeringens definitioner resulterat i 

en annan bedömning än tidigare så att markanvändningsförändringen 

registrerats.  

Förändring mellan skogsmark och bebyggelse var den största kategorin för 

markanvändningsförändringar (29 %), och följdes av bebyggelse till 

skogsmark (12 %) och åkermark till skogsmark (10 %). Analysen av 

effekten på kolförråden resulterade i reviderade emissionsfaktorer (utsläpp 

eller upptag av koldioxid per hektar) för 8 konverteringskategorier, där 

konvertering till bebyggelse hade den största förändringen. Jordbruksmark 

och skogsmark till bebyggelse hade den största skillnaden på utsläpp 

jämfört med tidigare emissionsfaktorer. Totalt ökar nettoutsläppen av 

koldioxid vid markanvändningsförändring till bebyggelse med 10 kt CO2 

per år i genomsnitt mellan 1990 och 2023, vilket motsvarar 0,03 % av det 

totala LULUCF-upptaget 2023 (submission 2025).  

Största bidragande orsak till förändringen var att andelen som påverkats av 

nybyggda vägar och kraftledningar ökat. Så länge som 

markanvändningsförändringar ska redovisas till FN och EU, behövs 

emissionsfaktorer revideras för att avspegla aktuell markanvändning och 

aktuella markanvändningsförändringar. Antalet ytor som 
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Riksskogstaxeringens registrerar med ändrad markanvändning behöver 

anpassas för växthusgasinventeringen. Det kan leda till att antalet ytor som 

genomgår en markanvändningsförändring reduceras så att endast ytor som 

ändrats genom en aktiv åtgärd inkluderas. Det göra att den typ av analys av 

effekten på mark och förna kan genomföras mer effektivt i framtiden. Ett av 

förslagen för att göra en sådan anpassning är att använda förändringen av 

levande biomassa på ytan för att upptäcka om ytan genomgått en verklig 

markanvändningsförändring, särskilt på ytor som går mellan våtmark och 

skogsmark.  
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2 Summary 
SMED is short for Swedish Environmental Emissions Data, which is a 

collaboration between IVL Swedish Environmental Research Institute, SCB 

Statistics Sweden, SLU Swedish University of Agricultural Sciences, and 

SMHI Swedish Meteorological and Hydrological Institute. 

Greenhouse gas emissions from Land use change (LUC) reported to the 

UNFCCC and EU has the last decades increased by importance in Sweden 

by including almost all land use change categories in the accounting. There 

is therefore a raised need for increased precision in the estimated emissions 

for all land use change categories. The current methodology was in need for 

revision due to changes in land use change areas. This report describes the 

revision of emission factors for land use change categories reported to 

UNFCCC and EU. An assessment was made of land use change plots 

registered by the Swedish National Forest Inventory (NFI), for effects on 

SOC and Litter by analyzing orthophotos through time in the NFI-tool 

RTWeb. In total, 1457 plots were analyzed for changes in SOC and Litter 

due to the land use change detected by the Swedish NFI. Thus, almost half 

of the plots detected as land use change plots in the inventory are not real 

land use change induced by human interventions, but rather a consequence 

of how the inventory defines land use. The largest land use change 

categories in Sweden are Forest land to Settlements (29 %), Settlements to 

Forest land (12 %) and Cropland to Forest land (10 %). 47% of the analyzed 

plots were affected for either soil carbon or Litter losses. This resulted in 

new revised emission factors for 8 land use change categories, where the 

revision for land converted to Settlements had major changes.  

Land use category that had the largest change in emission factor was 

Cropland to Settlements and Forest land to Settlements and resulted in 

increased emissions of 10 kt CO2 in average between 1990 and 2023 (0.03% 

of total emissions from LULUCF sector in 2023 (submission 2025)). The 

main reason for the increase was due to an increase in roads and power 

lines. If the areas of land use changes between categories continuously 

change, revision of emission factors is needed. Reducing the number of 

plots detected by the Swedish NFI is however necessary to be able to 

analyze for revision of emission factors more frequently. One of the 

suggestions is to use the biomass on each plot to reduce the number of plots, 

especially those that transfer between Wetlands and Forest land. 

 

Keywords: land-use change, soil carbon, litter, Sweden, orthophoto, 

NFI  
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3 Background 

3.1 Introduction 

Greenhouse gas (GHG) emissions from Land use change (LUC) reported to 

the UNFCCC and EU have increased in importance the last decades as the 

accounting within the reporting of LULUCF to the EU is changing to 

include almost all land use change categories. This increases the need of 

increased precision in the emissions estimated for all these land use change 

categories.  

Living biomass is measured on all the permanent plots of the Swedish 

National Forest Inventory (NFI), including the ones that are changing land 

use. However, carbon stock changes in dead organic matter (Dead wood and 

litter) and soil organic carbon (SOC) are estimated by carbon emission 

factors (t C ha-1 year-1) which are used together with the area changed for 

these categories to estimate the emission (or removal). There is a need to 

improve the assessment of what happens on those plots that are included as 

land use change categories in the reporting to improve the general emission 

factors that are currently being used for estimating carbon stock changes for 

litter and soil carbon.  

Previously, an analysis was made in Google Earth to estimate the share of 

the area on the sample plots that changed land use that is affected by 

changes in carbon pools for litter and soil carbon (Karltun et al., 2015). 

Since then, the number of plots where land use has changed increased 

substantially and a revision of the assessment of the share of the area where 

land use change affected DOM and SOC is needed. In addition, a routine for 

this assessment and re-estimates of emission factors for more frequently up-

dates of the emission factors are required if the share of the land use change 

continues to change.  

3.2 Current reporting method 

Emissions and removals of GHGs caused by LUC in the reporting to the 

UNFCCC and EU for Sweden are based on areas converted to another land 

use category multiplied with an emission factor according to Tier 2. When 

land is converted to another land use, there is a transition period for the new 

land use to stabilize in carbon stocks. The transition period is assumed to be 

20 years as default (IPCC, 2006) and the emission factor corresponds to the 

average annual emissions over the 20-year period.  
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3.2.1 Areas 

The current reporting method uses the areas of the permanent plots from the 

Swedish National Forest Inventory (NFI). The NFI includes all land use 

categories and is used for the reporting of the LULUCF sector as part of the 

Swedish GHG emission reporting to the UNFCCC and EU. The permanent 

plots of the NFI were first inventoried in 1983-1987 (Ranneby et al. 1987) 

and are re-inventoried at intervals of 5 to 10 years.  

The permanent sampling grid of the Swedish National Forest Inventory 

(NFI) covers the entire land area of the country and includes all land use 

categories. The sample grid of the NFI is divided by county (strata), and 

each plot represents an area of each county in Sweden. When a plot is 

registered as a LUC plot, the plot area is divided by the sum of plot areas by 

county multiplied with the total area of the country. This is the plots area 

representation at country level. 

The land use is inventoried in field at each permanent plot with a national 

classification system. This system is translated to the UNFCCC Land-use 

categories according to Table 1 (Sweden’s GHG Inventory Submission 

2025) (Swedish EPA, 2025). The national classification system has 12 

different classes and the international has 4. The national classes Mire, Rock 

Surface, Sub alpine Coniferous Woodland and High Mountain are converted 

to four different international land use classes Forest land, Other wooded 

land or Bare unproductive land or Other land based on the following 

criteria:  

Mire: if the land hosts a potential yield of stem-wood lower than one cubic 

meter per hectare and year, Forest land (if forest according to FAO) 

otherwise Wetlands.  

Rock surface: Rocky or stony areas, Forest land (if forest according to 

FAO) or Other land. 

Sub alpine Coniferous Woodland: Land-zone usually located between in 

the north-western parts of the country. Forest land (if forest according to 

FAO) or Other land. 

High Mountain: Usually unstocked or sparsely stocked, Forest land (if 

forest according to FAO) or Other land (not Other land in UNFCCC). 

Another difference between the classifications is Other Land. The national 

classification of Other land is translated to Settlements along with Road and 

Railroad, Powerline within forest and urban land. For further details on 

classification of land use see the field instruction (RIS, 2023). 
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Each year inconsistently classified LUC transfers are identified and 

corrected. For example, if a plot is categorized as Forest land one inventory 

and then Wetland next inventory and then Forest land in the third. This type 

of time related inconsistency is corrected to Forest land for all inventories. 

Another type of inconsistency is delineating borders on divided plots. These 

changes are mainly due to personal judgements by the inventory staff and 

not real LUC. These are corrected if the assumed incorrect new delineation 

deviates less than 0.75m2 from the old delineation. For more detailed 

description see Swedish National GHG inventory Document (Swedish EPA, 

2025).  

 

Table 1. Areas and translation of the national land use system to the UNFCCC 

land use system 

National Land-use Category 
(NFI) Area [1000 ha] 

 Forest 
land 

 Other 
wooded 
land 

 Bare 
unprod. 
Land 

 Other 
land* 

 Total 

Productive Forest land  23473 
   

23473 
Grazing Land  

   
522 522 

Arable Land  
   

2819 2819 
Mire  2027 1213 1815 

 
5055 

Rock Surface  656 122 148 
 

926 
Sub alpine Coniferous 
Woodland  

924 124 17 
 

1065 

High Mountain  818 821 3309 
 

4948 
Road and Railroad  

   
522 522 

Power line Within Forest 
   

154 154 
Urban Land  

   
1193 1193 

Other Land 
   

57 57 
Freshwater 

   
4427 4427 

UNFCCC-categories 
     

FL 27898 
   

27898 
CL 

   
2819 2819 

GL 
   

522 522 
WL 

 
1213 1815 4427 7455 

S 
   

1926 1926 
OL 

 
1067 3474 

 
4541 

Total 27898 2280 5289 9694 45161 
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3.2.2 Emission factors 

Emissions and removals from land use change are currently estimated with 

the LUC area for each land use category and multiplied with an emission 

factor (Karltun et al., 2015 & Swedish EPA, 2025).  

The emission factors for litter and soil organic carbon are mainly based on 

the average stocks for different land use classes and assumptions on how the 

carbon pools are affected due to land use change. The average carbon stocks 

are used to estimate the annual removals and emissions between two land 

use categories over a 20-year period (sometimes over a 100-year period).   

Average soil carbon stocks in mineral soils were 80 t C ha-1 for grassland, 83 

t C ha-1 for Cropland and 55 Mg C ha-1 for Forest land. The average litter 

pool was 25 Mg C ha-1 for Forest land whereas the litter pool was assumed 

to be zero for all other land use classes. The assumptions and average stocks 

that are used for estimating the emission factors for LUC are found in Table 

2. 

The assumptions on how large share of the converted area that is affected 

are based on (Karltun et al., 2015 & Swedish EPA, 2025). 
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Table 2. Removal and Emission factors and their assumptions and adjustments in submission 2025 

 Assumptions 

Mineral soils 

Assumptions 

 Litter 

Emission factor 

Mineral soils 

[tC ha-1 yr-1] 

Emission factor 

Litter 

[tC ha-1 yr-1] 

Land converted to Forest land 

A 2.1 Cropland converted to Forest land 55-83 t C in 100 years on 49% of the area 25 tC in 100 years on 49 % of the area 0.25 0.12 

A 2.2 Grassland converted to Forest land 55-83 t C in 100 years on 4 % of the area. 24 % 

as FLremFL, other land GLremGL 

25 tC in 100 years on 4% of the area 0.33 0.01 

A 2.3 Wetland converted to Forest land - 25 tC in 100 years on 4% of the area - 0.04 

A 2.4 Settlements converted to Forest land FLremFL FLremFL 0.24 0.04 

A 2.5 Other land converted to Forest land FLremFL FLremFL 0.24 0.04 

Land converted to Cropland 

B 2.1 Forest land converted to Cropland 83-55 t C in 100 years on all area All litter layer lost in 20 years 0.28 -1.25 

B 2.2 Grassland converted to Cropland 83-80 t C in 20 years (14% GLremGL, 55% 

affected to 50%, 31% affected to 75% 

83-80 t C in 20 years (14% GLremGL, 55% affected 

tp 50%, 31% affected to 75% 

0.076 -0.035 

B 2.3 Wetland converted to Cropland - - - - 

B 2.4 Settlements converted to Cropland CLremCL - 0.05 - 

B 2.5 Other land converted to Cropland CLremCL - 0.05 - 

Land converted to Grassland 
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C 2.1 Forest land converted to Grassland - FLremFL - -0.13 

C 2.2 Cropland converted to Grassland GLremGL - 0.39 - 

C 2.3 Wetland converted to Grassland  - - - 

C 2.4 Settlements converted to Grassland GLremGL - 0.39 - 

C 2.5 Other land converted to Grassland GLremGL - 0.39 - 

Land converted to Settlements 

E 2.1 Forest land converted to Settlements 46% lost in 20 years on 19% of area, rest as 

FLremFL 

All litter lost in 20 years on 23% of the area, rest as 

FLremFL 

-0.046 -0.16 

E 2.2 Cropland converted to Settlements 46% lost in 20 years on 26% of area, rest at 

CLremCL 

- -0.46 - 

E 2.3 Grassland converted to Settlements 46% lost in 20 years on 7% of area, rest at 

GLremFL 

All litter lost in 20 years on 7% of the area, rest at 

GLremFL 

0.23 0.21 

E 2.4 Wetlands converted to Settlements - - - - 

E 2.5 Other land converted to Settlements All lost in 20 years - -0.63 - 

Land converted to Other land 

F 2.1 Forest land converted to Other land 55 t C/ha is lost in 20 years on 7% of area, rest 

FLremFL 

25 t C is lost on 7% of area 0,03 -0,05 

F 2.2 Cropland converted to Other land - - - - 

F 2.3 Grassland converted to Other land 
GLremGL  

- 0,39 - 
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F 2.4 Wetlands converted to Other land - - - - 

F 2.5 Settlements converted to Other land - - - - 



  

 16 

3.3 Aim 

The aim of the study was to classify land use change conversions 

concerning effects on litter and mineral soil as complement to the land use 

changes registered by the Swedish NFI by analyzing earth observation 

images on all land use conversion sites since 1983 and study other 

registered variables that might be of interest for the definition of an effect on 

litter in mineral soil in land use change conversions. In addition, a routine 

for analysis of land use change effects on litter and mineral soils is 

discussed as possible improvements in forthcoming submissions. 
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4 Material and Methods 
 

4.1 Data 

4.1.1 NFI 

The data used are the permanent plots from the Swedish NFI that detected 

and observed land use change since 1983 to 2021, including divided plots.  

The land use change categories analysed were in total 27 conversion 

categories between Forest land, Cropland, Grassland, Wetland, Settlements 

and Other land. Currently, Sweden has no LUC to Other Land from 

Cropland, Wetland and Settlements (Table 3). 

 Table 3. Conversion of land reported in Sweden’s GHG reporting 

To Forest 
Land 

To 
Cropland 

To 
Grassland 

To 
Settlements 

To 
Wetlands 

To Other 
Land 

CLtoFL FLtoCL CLtoGL CLtoS CLtoWL FLtoOL 
GLtoFL FLtoCL FLtoGL FLtoS FLtoWL GLtoOL 
OLtoFL GLtoCL OLtoGL GLtoS GLtoWL 

 

StoFL StoCL SGL OLtoS OLtoWL 
 

WLtoFL GLtoCL WLtoGL WLtoS StoWL 
 

 

 

4.2 Analysis of orthophotos 

 

4.2.1 LUC categories 

The LUC categories that were considered in the analysis were in accordance 

with the LUC that should be reported to the UNFCCC and EU climate 

reporting according to IPCC Guidelines (2006) (Table 2).  

 

4.2.2 RTWeb  

RTWeb 

RTWeb is a national NFI-tool developed at SLU to analyse observed 

variables and for quality assurance of the NFI data. Each plot can be 

analysed for common NFI variables, orthophotos and topography images 
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from a selection of years. We analysed all LUC plots since 1984 to assess 

the effect on soil carbon and DOM (Dead Organic Matter) changes in the 

RTWeb tool. An example of how the Litter and soil carbon was assessed is 

illustrated in Figure 1. Both examples are Forest land to Settlements. The 

first one, shows a LUC plot were a pavemented road has been build on the 

plot. This type of land use change has effects on both Litter and soil carbon. 

At the other plot, a powerline has been detected on the plot. Normal 

procedure for creating powerline is clear-cutting, so this land use change 

only affects Litter but not the soil carbon.  

 

 

 

 

Figure 1. Example of LUC plots that were not affected and affected.  
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4.2.3 Assessment variables 

On each plot the effect on SOC and Litter was assessed by analysing: 

• Change of carbon stock over time classified as immediate, gradually 

changed within 1 year or gradually changed within10 years 

(Immediate, Gradually1 and Gradually10) 

• Carbon stock change likely to occur in Organic and or Mineral layer 

(Organic layer or Mineral layer) 

• Plantation of forest (Not planted, abandoned, Planted, in mature 

forest) 

• Average amount left in carbon pools after LUC (%)  

4.3 Emission factors 

Emission factors from actual submission (2025) were adjusted in 

accordance with the results of the assessment of affected plots and the 

amount SOC and litter affected. A factor F was retrieved and described for 

each LUC conversion below.  

 

4.3.1.1 Emission factors for LUC to Forest land 

The emission factor for Cropland to Forest land for SOC and Litter was 

determined by the current emission factor assuming 100 % affected and 

100% lost SOC and litter multiplied with a factor FLUC, based on if the plot 

was planted or not and if the effect of the land use change occurred fast or 

slow. The total FLUC of affected plots is the product of all areas that were 

affected and if they were affected gradually during 1 or 10 years.  

 

𝐹𝐿𝑈𝐶 = (
𝐴𝑁𝑃

𝑁𝐿𝑈𝐶
+

𝐴𝑃

𝑁𝐿𝑈𝐶
+

𝐴𝐴

𝑁𝐿𝑈𝐶
+

𝐴𝑀

𝑁𝐿𝑈𝐶
) ∗ (

𝐴𝐺1

𝑁𝐿𝑈𝐶
+

𝐴𝐺10

𝑁𝐿𝑈𝐶
)  eq.1 

 

where  

ANP= Area not planted 

AP= Area planted 

AA= Area of abandoned cropland 

AM= Area of mature forest land 
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AG1= Area where effect is seen within 1 year 

AG10= Area where effect is seen within 10 years 

NLUC= All area observed for the LUC class 

 

The emission factor for Grassland to Forest land was determined by 

dividing all the plots into three fractions of sub land use categories and if the 

change occurred gradually during first to 10 years. The sub land use 

categories of plots are 

i) fraction of area that were planted cropland 

ii) fraction of area in mature forest land 

iii) fraction of remaining LUC area 

The fraction was estimated with equation 1. 

 

4.3.1.2 Emission factors for LUC to Cropland 

The emission factor for Grassland to Cropland was assessed by analysing 

how much of the SOC and Litter that was left after conversion in three 

categories: 

i) Affected up to 50% 

ii) Affected between 50-100% 

iii) Not affected 

 

𝐹𝐿𝑈𝐶𝑗 =
𝐴𝑗

𝑁𝐿𝑈𝐶
    eq.2 

Where j is the area fraction affected here 50% or between 50 and 100%. 

 

4.3.1.3 Emission factors for LUC to Grassland 

Emission factors from Forest land to Grassland affects Litter only and the 

fraction was estimated by the product of area fraction affected and the 

fraction of the LUC plots that had a decrease in Litter. 

 

𝐹𝐿𝑈𝐶 =
𝐴𝐿𝑈𝐶

𝑁𝐿𝑈𝐶
∗
∑ 𝐶𝑛𝑖 𝑖

𝑁𝐿𝑈𝐶
    eq. 3 

Where ALUC is the area affected and Ci is the observed SOC or Litter 

decrease for the LUC class. 
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4.3.1.4 Emission factors for LUC to Settlements 

Emission factors for LUC to Settlements were estimated by the fraction of 

remaining SOC and litter and the share of area/plots that were affected for 

all land use change categories to Settlements as to Grassland with eq. 3. The 

remaining area/plots are treated as remaining in the category. 

 

4.3.1.5 Emission factors for LUC to Other Land 

Emission factor fraction for Forest land to Other Land was estimated by the 

fraction of area/plots affected. 

The fraction was estimated with eq. 3. 
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5 Results 

5.1 Land-Use Changes 

In total 1457 plots were assessed. The plots are distributed over the whole 

country, but less dense in the northern parts of Sweden (Figure 2).  

 

Figure 2. LUC plots from NFI since 1984.  

 

Of the 1457 plots that were assessed, only 677 were affected for effects on 

soil carbon or litter. The largest categories where LUC was observed was 

FLtoS, StoF and CLtoFL with 423, 181 and 146 plots respectively. The 
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number of plots that were affected was 326, 125 and 106 correspondingly 

(Figure 3). Conversions between Wetland and Forest land have low share of 

affected SOC and DOM, indicating that there is no real change between 

Forest land to Wetlands. For Wetland to Forest land the share of affected 

SOC and DOM is around 25%.  

 

 

Figure 3. Proportion of LUC plots that were affected in SOC and litter by land 

use change (left) and the fraction of the affected plots (right).  

 

5.2 Revised emission factors 

The revised emission factors are listed in Table 4 along with the 

assumptions made from the image analysis. In this chapter a more detailed 

description on how we used the assessment of affected plots to correct 

emission factors for the various land use conversions are included. 

In general, the assessment was made so that the fraction of area that was 

affected and how much the effect on SOC and litter was on these areas. 

Only in those categories that resulted in revised emission factors are 

described below. This means that the original emission factor (rate of loss or 

gain) is adjusted with the area affected and the fraction of affected SOC or 

DOM. 

5.2.1 A 2.1 Cropland converted to Forest land 

35 % of all the plots in this category were affected and therefore Litter was 

assumed to develop by 25 tC ha-1 in 100 years (Table 4) on 35% of all 

converted areas in the category.    

In submission 2025, 49% of the plots were affected (Table 2). The emission 

factor of a loss of SOC decreased and gains in litter also decreased, due to 
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that there was less areas found that were affected by the LUC on Cropland 

converted to Forest land.  

 

5.2.2 A 2.2 Grassland converted to Forest land 

Grassland converted to forest land affect soil carbon on 13% of the plots. 

On these plots, planting of forest was detected on 9% of the plots. On plots 

where no planting was detected the soils are assumed to have the same 

average emission or removals as FLremFL. The rest of the LUC area were 

assumed to have emissions and uptake as GLremGL, 84% (0,39 tC ha-1). 

Litter was assumed as in Cropland to Forest land to develop with 25 tC ha-1 

for 100 years (Table 2) on 4% of the plots.  

In submission 2025, 4% was planted and assumed to increase SOC by 55 to 

83 tC ha-1 for 100 years and 24% as FLremFL, and 72% as GLremGL 

(Table 2). The revised emission factors therefore led to a total decreased 

emission factor for SOC due to that the fraction of area of the area assessed 

as GLremGL increased as well as the fraction of planted grasslands.  

 

5.2.3 B 2.2 Grassland converted to Cropland 

Of the converted plots between Grasslands and Cropland, 57% were not 

affected and removals and uptake were assumed as for GLremGL (0,39 

tC/ha). 17 % of the area was affected to 50% and 26 % of the area was 

affected between 50 to 100%. The annual removal for non remaining 

categories was from 83 tC ha-1 to 80 tC ha-1 during a 20-year period. For 

Litter, the same assumption on fractions were used.  

In submission 2025, 14% of the plots were not affected, 55% were affected 

to 50% and 29% were affected to 75%. The annual removal for affected 

plots was the same as in submission 2025 (83 to 80 tC ha-1 during a 20-year 

period). The revision of the emission factor for GLtoCL resulted in a 

decreased emission factor for SOC and DOM due to less area affected. The 

emission factor for DOM changes from losses/emissions to gains, thus a 

decreased emission factor.   

 

5.2.4 C 2.1 Forest land converted to Grassland 

No effect on the SOC was detected on FLtoGL and is therefore reported as 

FLremFL (0,24 tC ha-1). For Litter 34 % of the area was affected and 18% 

was observed lost (of 25 tC ha-1 was lost during 20-year period).  
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In submission 2025, 41% of the area lost 25% of the carbon in a period of 

20 year. The revised emission factors resulted in a small decrease due to a 

decrease in areas that were affected by LUC but at the same time the 

fraction of loss in these areas were higher in the revised emission factors.  

 

5.2.5 E 2.1 Forest land converted to Settlements 

Of all plots that were converted to settlements, 19% were affected for SOC. 

On these, 93% of the carbon was lost (Table 4) with 46% of 55 tC ha-1 over 

a 20-year period. The rest of the plots, 81% had removals as FLremFL (0,24 

tC ha-1yr-1) (Table 2). For litter, 46% of 25 tC ha-1 was assumed lost and 

55% of the area was affected and 64% of the removals of 25 tC ha-1 during a 

20-year period was lost. The rest 45% has emissions as SremS (0.04 tC ha-

1yr-1). 

The current emission factors from submission 2025 was for SOC a loss of 

46% of 55 tC ha-1 in 20 years on 19% of the area. The rest, 81% had 

removals as FLremFL. For litter 46 % of the carbon was assessed to be lost 

during the 20-year period but on 23% of the area. The revised emission 

factor for FLtoS increased for SOC and Litter. For SOC the fraction of SOC 

that was affected was less than before. For litter, a larger fraction of the area 

was found affected in comparison to the emission factor in submission 

2025, but less Litter was observed lost, resulting in an increased emission 

factor for litter.  

 

5.2.6 E 2.2 Cropland converted to Settlements 

42% of the plots were affected and 92% of the carbon was observed lost 

with a decay of 46% over 20-year period (Table 4). Rest of the plots were 

assumed to have removals as CLremCL (0.05 tC ha-1yr-1) (Table 2). 

In submission 2025, 26 % of the plots were affected and 46% was assumed 

lost during a 20-year period (Table 2). The revised emission factors 

increased due to that the area that was detected as affected by LUC 

increased between Cropland to Settlements for SOC.  

 

5.2.7 E 2.3 Grassland converted to Settlements 

46% was assumed to be lost in 20 years. The analysis resulted showed that 

21% of the plots were affected and 73% of the soil carbon was affected 

(Table 4). The rest of the plots had uptake as GLremGL for SOC. For litter 
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removals, 14% of the plots were affected and 6% was lost. Rest of the area 

had removals as GLremFL for Litter.  

In submission 2025, for SOC and litter, 7% of plots were affected and 46% 

of the initial carbon amounts (80 tC ha-1) were lost during a 20-year period 

(Table 2). The revised emission factors increased for SOC and decreased 

for Litter. The increased emission factor for SOC is due to the increased 

area of affected by LUC on SOC (21% vs 7%). The fraction of SOC 

affected was decreased, but the increased area affected had more effect on 

the emission factor due to that the estimated loss of 46% of 80 tC ha-1is 

more significant than the gains of GLremGL. For Litter more area is 

affected but at the same time less litter was affected, which led to a small 

decrease of the emission factor (lower gains).  

 

5.2.8 F 2.1 Forest land converted to Other land 

Forest land converted to other lands lost all its initial carbon stock of 55 tC 

ha-1yr-1during a 20-year period for SOC. According to the assessment 19% 

was affected. The rest had the same uptake as FLremFL (0.24 tC ha-1yr-1). 

For litter, none of the plots are affected, resulting in uptakes as FLremFL 

(0.24 tC ha-1yr-1).  

In submission 2025, for SOC, 7% was affected of all initial carbon of 55 tC 

ha-1was removed. For litter, 7% of the plots were affected and all initial 

carbon was lost. The revised emission factors increased for SOC and 

decreased for Litter. For SOC the increase is due to the increased fraction of 

area affected by LUC and for Litter the decrease is that no area was detected 

affected by LUC.  
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Table 4. Revised (in bold) and current (submission 2025) emission factors in tC ha-1yr-1 for LUC categories in the GHG reporting. Only the revised 

land use change categories are included. Negative values indicate a loss of carbon and positive values a gain of carbon. 

  Emission factor SOC 

Revised 

[tC ha-1 yr-1] 

New assumptions 

mineral soils 

Emission factor 

Litter Revised 

[Gg C /kha /year] 

New assumptions 

Litter/DOM 

Emission factor 

SOC Sub2025 

[tC ha-1 yr-1] 

Emission factor 

Litter Sub2025 

[tC ha-1 yr-1] 

A 2.1 Cropland converted to Forest land -0.098 55-83 t C in 100 years on 

35% of the area 

0.088 25 tC in 100 years on 35 % of 

the area 

-0.14 0.12 

A 2.2 Grassland converted to Forest land 0.31 55-83 t C in 100 years on 

13 % of the area. 4 % as 

FLremFL, Rest as 

GLremG, 83% 

0.01 Same as before 0.33 0.01 

B 2.2 Grassland converted to Cropland 0.042 83-80 t C in 20 years. 

57% as GLremGL, 17% 

affected to 50%, 26% 

affected to 75% 

0.025 83-80 t C in 20 years. 57% as 

GLremGL, 17% affected tp 

50%, 26% affected to 75% 

0.076 -0.04 

C 2.1 Forest land converted to Grassland 0.24 As FLremFL -0.077 All litter is lost in 20 years, 

18% is affected on 34% of the 

area 

0.24 -0.13 

E 2.1 Forest land converted to Settlements -0.029 46% lost in 20 years on 

19% of area and on 93% 

of the soil is affected, rest 

as FLremFL 

-0.18 46% of litter lost in 20 years 

on 55 % of the area and 64% 

is affected. 

-0.046 -0.16 

E 2.2 Cropland converted to Settlements -0.71 46% lost in 20 years on 

42% of area and 92% of 

the soil is affected, rest at 

CLremCL 

- - -0.46 - 
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E 2.3 Grassland converted to Settlements -0.17 46% lost in 20 years on 

21% of area and 19% of 

the soil is affected, rest at 

GLremGL 

0.20 46% of litter lost in 20 years 

on 14% of the area and 6% of 

the litter is affected 

0.23 0.2081 

F 2.1 Forest land converted to Other land -0.33 All 55 t C/ha is lost in 20 

years on 19% of area, rest 

FLremFL 

0.24 As FLremFL, none of the 

plots were affected 

0.031 -0.05 
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5.3 Effect on reported areas and 

emissions 

The areas that the LUC plots represent are illustrated in Figure 4. The LUC 

to Settlements have the largest area of which FLtoS is the major part. The 

areas increase during the 20-year period since 1990 for FLtoS due to the 

conversion period and then stabilises since the annual change are the same 

over time. The same pattern is illustrated in most other categories. In 2023, 

the largest areas of LUC are found in FLtoS, CLtoS, CLtoFL, StoFL, 

FLtoGL and CLtoGL.  

 

 

Figure 4. Areas reported by LUC to conversion classes in time 

 

 

Differences of emissions reported for different LUC to conversion classes in 

time for submission 2025 and with the revised emission factors from this 

study are presented in Figure 5-8.  

For land converted to Forest land, emissions increased with ca 10 kt CO2 in 

2023 compared to submission 2025 for Litter (Figure 5). For soil carbon 

between Cropland and Forest land resulted in 10 kt CO2 decreased 
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emissions in 2023. Grassland to Forest land soil carbon emissions increased 

with the revised emission factors with 5 kt CO2 (Figure 5).  

 

Figure 5. Difference in emissions of kt CO2 with revised emission factors by 

land use change to Forest land (revised submission 2025).  

 

Emissions to Cropland from Grassland decreased for SOC with the revised 

emission factors with 3 kt CO2 and for litter with 8 kt CO2 in year 2023 

(Figure 6).  

 

 Figure 6. Difference in emissions of kt CO2 with revised emission factors by 

land use change to Cropland (revised submission 2025). 

 

Emissions to Grassland from Forest land decreased between the revised 

emission factors and submission 2025 for DOM. The difference is around 

10 kt CO2 in 2023 (Figure 7).  
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Figure 7. Difference in emissions of kt CO2 with revised emission factors by 

land use change to Grassland (revised submission 2025).  

 

The largest effect on the revised emission factors in LUC for Litter/DOM 

and soil carbon was in the Settlement category. The revised emission factors 

lead to an increase in emissions for Cropland to Settlements and Grasslands 

to Settlements for SOC and Forest land to Settlements for litter. The largest 

increase of emissions was from Cropland to Settlements with round 70 kt 

CO2 for SOC. Increased emissions Grasslands to Settlement around 18 kt 

CO2 for SOC. In Forest land to Settlements the emissions decreased with 

around 8 kt CO2. Emissions in Litter/DOM from Forest land to Settlements 

increased with 14 kt CO2 in 2023 (Figure 8). To Settlements from Cropland 

and from Grassland also increased but slightly. 

 

 

Figure 8. Difference in emissions of kt CO2 with revised emission factors by 

land use change to Settlements (revised submission 2025).  

 

 

Emissions due to LUC to Other land are only affecting FLtoOL, both in 

SOC and DOM. The effect is also increasing with time due to the increase 
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in area. In 2023, the emissions increased with around 15 kt CO2 for SOC 

and decreased with 12 kt CO2 for DOM (Figure 9).  

 

 

Figure 9. Difference in emissions of kt CO2 with revised emission factors by 

land use change to Other land (revised submission 2025).  

 

The average (1990-2023) gross and net emissions and uptakes for LUC for 

submission 2025 and the revised emission factors are illustrated in Figure 

10. The largest effect is seen in the Settlement, Cropland and Forest land 

categories. The largest differences in net emissions with the revised 

emissions factors are found in the Settlement category, where emissions 

increase (losses increase) with around 10 kt C yr-1 during the whole period 

of 1990 to 2023 in average. For Cropland the net emissions also increase but 

with around 7 kt C in average. The effect of revised emission factors on the 

Forest land and Grassland categories has very small average differences 

between the revised and submission 2025 net average emissions between 

1990 and 2023 (Figure 10).   
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Figure 10. Average (between 1990 and 2023) gross (left panel) and net (right 

panel) emissions and uptake of kt CO2 from land use change categories in 

submission 2025 and with revised emission factors. Negative values indicate 

losses and positive values gains. 
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6 Discussion & Routine for 
annual implementation 

The revision of emission factors in this study resulted in higher emissions 

from SOM and DOM mainly due to larger observed areas affected in SOC 

and DOM in comparison with Karltun et al (2015). However, the difference 

in emissions with the revised adjustments in the LUC category to Settlement 

(largest changes in emission factors in the analyse) are very small (0.03 %) 

in comparison of the emissions and uptakes of the whole LULUCF sector 

(10 kt C net for Settlements compared to -32 900 kt CO2 in submission 

2025).  

The revised emission factors from this study are not entirely comparable 

with Kartlun et al (2015) due to that the Karltun study did not include 

divided plots. The divided plots are mostly divided by some sort of 

settlement, like roads, power lines or buildings, but also between Forest 

land, Cropland and Grassland. Including divided plots results in more plots 

with roads. This increase of roads has also been detected by the Swedish 

Forestry Board (Fries & Thureson, 2023).  

The observations are made manually on the screen and some of the variables 

are subjective, especially the assumption on the fraction of carbon left in 

SOC and in Litter after LUC. More studies or supporting information is 

needed to estimate this part of the emission factor more precisely.  

Using the NFI data as a base for the LUC areas leads to LUC plots that are 

not real LUC but merely a gradual shift across the threshold between two 

definitions. Treating this effect with adjusted emission factors accordingly 

to the actual method and the emission factors from this study is better than 

not adjusting. However, since the total amounts of LUC plots is increasing 

each year there is a need to find a routine to avoid having to analyse plots 

where no real LUC occurred, i.e. to limit the number of plots to adjust. 

Normally, each year plots that have had multiple land use changes are 

adjusted and removed from the LUC categorisation and set to remain in 

their initial category, since the LUC only related to an observed shift 

between two land use definitions in the NFI and not a real land use change.  

To be able to create a routine for the adjustment for annual implementation 

a reduction of the LUC sample is necessary. Therefore, plots that are not 

real LUC plots need to be removed before analysing the effects. For this, we 

suggest that LUC plots between Forest land and Wetlands and Forest land to 

Grassland that are not real LUC plots could be removed from the LUC 

sample by checking the biomass growth between inventory periods.  
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Another problematic issue is the divided plots. They are by nature difficult 

since they are in the border of different land use classifications, which 

sometimes can be defined differently depending on inventory staff, climatic 

conditions at the time of inventory etc. These plots can also be included in 

the routine to remove plots using biomass growth definition, but not all plots 

can be included because they sometimes do not have biomass. 

Another problematic category change is between cropland and grassland. 

Grassland is per definition not cultivated land. There are cases when the 

land goes between Cropland and Grassland, meaning that the plot is still 

Cropland and thus no land use change has really occurred. These plots are 

normally corrected in the GHG inventory, but still, some of them seem to 

appear as LUC.  

By filtering the plots for “real” LUC plots with biomass change, would 

reduce at least most of the plots that are no LUC plots between Forest Land 

and Wetland.  
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7 Conclusions and 
recommendation 

This study shows that emissions related to LUC emissions may have been 

underestimated after 2015 for especially LUC categories Forest land to 

Settlement mainly due to increased exploitation of forest roads.  

The study resulted in updated emission factors for several land use 

categories that can be implemented in future submissions of the GHG 

inventory.  

An annual routine for updating the emission factors is not viable, thus an 

increased correction of LUC plots by filtering observed data from the NFI 

with changes in biomass as a proxy for real changes in land use could 

reduce the number of plots detected as LUC and enable a more frequent 

analysis and revision of the emission factors.  
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