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Abstract: Article info: 

This study aimed to analyze Romanian (RO) 
involvement in the LULUCF sector by considering the 
Intergovernmental Panel on Climate Change (IPCC) good 
practice guidance (GPG). Trends were assessed using the 
Mann-Kendall (MK) test for trend estimation to determine the 
total greenhouse gas (GHG) (GHGCO₂-eq.) emissions/ 
removals. The results emphasized the increasing average annual 
levels of emissions/removals in both the EU-28 and RO when 
the subperiods from 1990-2005 and 2005-2017 were analyzed. 
Kendall’s analysis of GHG removal showed a positive trend in 
Romanian GHG removals, and no trend was observed for the 
EU-28. In comparison, the emissions indicated an increasing 
trend for RO and a decreasing trend for the EU-28. The 
GHGCO₂-eq. generated by the LULUCF sector decreased to an 
average annual rate of 0.5% per year in the EU-28. In Romania, 
these emissions increased by approximately 0.2% per year on 
average. Between 1990 and 2017, the CO2 total absorption 
increased to 0.9% per year. The methane absorption also 
increased by 11.7% per year, and no significant increasing trend 
was observed for methane. The dynamics of GHGCO₂-eq. 
emissions/removals in RO and LULUCF sectors showed that 
settlement had decreased in wetlands, and settlement of other 
land areas had increased. Assessing GHG gas emissions is 
essential for allowing each sector to promote specific strategies, 
policies and action plans. This will improve the national-level 
monitoring of the LULUCF sector and make this information 
more accessible to decision makers by raising awareness of the 
Romanian position within the EU-28. 
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1. BACKGROUND  
 

Land use, land-use change and forestry can act as sources of atmospheric emissions 

and as emission sinks through the removals of atmospheric CO2. The balance of atmospheric 

emissions and removal of emissions is the net emissions/removals in the LULUCF sector. 

The main objective of the United Nations Framework Convention on Climate Change 

(UNFCCC) was to "stabilize global greenhouse gas (GHG) concentrations in the atmosphere 

at a level that would prevent dangerous anthropogenic interference with the climate system" 

(Ellison et al., 2011; UNFCCC, 1992). 

Under the Kyoto Protocol, EU member states committed themselves to guarantee the 

offset of an equivalent amount of CO₂ to the quantity of greenhouse gas emissions from land 

use until 2020, which has been made possible by further action in this sector. The European 

Commission aims to enshrine this principle (the so-called "free flow rule") in EU law 

between 2021 and 2030 by incorporating land use and forestry into EU emissions reduction 

efforts (Benndorf et al., 2007; Vauhkonen and Packalen, 2018). Forest owners and farmers’ 

actions for ensuring carbon storage in forests and soils will, therefore, contribute to the EU's 

commitment under the Paris Agreement on Climate Change to reduce greenhouse gas 

emissions by at least 40% compared to 1990 levels by 2030 (UNFCCC, 2015; Forsell et al., 

2019). 

The United Nations Framework Convention on Climate Change will remain in effect 

after 2020. In contrast, the mandate of the Kyoto Protocol ends in 2020, which is the final 

year of the second commitment period agreed upon in Doha in 2012. The Paris Agreement 

ensured a continued commitment by the involved parties after 2020 and the cohesion of the 

Kyoto Protocol for those countries that had KP targets. Decision 1/CP1 puts the agreement 

into effect and sets out the principles for the action on various processes and work programs 

that will run in the future with respect to the parties' involvement in climate change 

mitigation after 2020 (European_Commission, 2016; Fragkos et al., 2017). 

The successful integration of LULUCF into EU-28 climate policy and carbon-trading 

frameworks assists emerging international climate change mitigation efforts. The UNFCCC 

subsidiary body for scientific and technological advice (SBSTA) has invited parties and 

admitted observer organizations to submit views on issues related to "a more comprehensive 

accounting of anthropogenic emissions by sources and removal by sinks from land use, land-

use change and forestry (LULUCF), including through a more inclusive activity- or land-

based approach" (Ellison et al., 2014). The role of LULUCF and agriculture, and their 

potential contributions through the sequestration of carbon, could become decisive for 

achieving equivalent emissions and removals. First, both LULUCF and agriculture can 

contribute through a reduction of emissions caused by land-use change, e.g., deforestation or 

drainage of wetlands, which would contribute to an overall decrease in emissions. Second, 

carbon can be sequestered in growing biomass (e.g., forest growth, afforestation, restoration 

of degraded land). However, it must be noted that maintaining the continued additional 

sequestration of carbon over time becomes difficult due to saturation, and reductions are 

needed as well (European_Commission, 2016). 

The reduction of GHG emissions requires action from domestic industries, energy, and 

several other sectors (Miricioiu et al., 2016a; Miricioiu et al., 2016b). The promotion of new 

techniques in land use, land-use change and forestry activities enhances the potential of 

carbon sinks. Moreover, clean development mechanisms, emission trading schemes and joint 

implementation among Annex I countries (UNFCCC, 2015) could use the carbon sinks 
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produced by afforestation, reforestation, forest management, cropland management, grazing 

land management and revegetation activities. All targets were carried out in the non-Annex I 

countries after 1990, as was stipulated in the accounting rules of the carbon sources/sinks 

produced by LULUCF activities in the first commitment period to complete the emission 

reduction targets. The Annex I countries could use the carbon sinks provided by LULUCF 

activities to decrease the pressure to reduce their emissions during the first commitment 

period (Liu et al., 2011; Pichancourt et al., 2018). 

The complexities inherent in LULUCF activities led to contentious and prolonged 

debates about the merits of their inclusion in the first commitment period of the Kyoto 

Protocol (2008–2012). However, the integration of these activities played a crucial role in 

the agreement on the general framework of the Kyoto Protocol. In this context, the 

LULUCF will likely continue to play a substantial role in negotiations on national 

commitments post-2012 (Höhne et al., 2007; Schlamadinger et al., 2007; Regulation 842, 

2018). Through adherence to the objectives of the UNFCCC and the incorporation of 

several critical features, a future framework can more effectively address the mitigation 

challenges and opportunities. 

Climate change has become an important global issue that is related to energy, 

economics, the environment, and technology. Without further action to reduce global GHG 

emissions, global warming is likely to exceed 2 °C above the pre-industrialization levels 

(UNFCCC, 2015). Such development would have a considerable impact on the global 

landscape and sea levels and affect the economic and social development of countries 

around the globe. Accordingly, it is necessary to identify the paths for GHG emission 

management in the major emitting countries, which are subject to international 

commitments and national policies (Jung, 2005; Kissinger et al., 2019; Zheng et al., 2019). 

LULUCF activities can reduce GHG emissions and remove atmospheric GHGs by 

changing management practices for forests, cropland and grazing lands. Efforts in this sector 

have been seen as the most cost-effective way to stabilize global atmospheric CO2 

concentrations and to reduce global warming (Liu et al., 2016). The agriculture, forestry and 

other land use (AFOLU) sector plays a predominant role in GHG emissions/carbon 

sequestration in many developing countries. However, the AFOLU is reported to contribute 

only approximately one-fourth of the total GHG emissions at the global level (Pradhan et al., 

2017; Meehan et al., 2019). 

LULUCF emphasize several categories of land, with the most significant contributions 

being "forestland remaining forestland", "land conversion to forestland" and "cropland 

remaining cropland". The most important sources of emissions are represented by 

"conversion to other lands (a category of lands not included in other categories of use, 

namely, the new islands on the Danube, the sand lenses, the decrease of forestland due to 

logging, etc.)" and "lands converted to human settlements", which included forest 

conversions. The amount of CO2 absorbed annually by forest vegetation land was relatively 

constant over time, and the annual quantities of greenhouse gas emissions (other than CO2, 

N2O and CH4, respectively) from the burning of biomass showed a very low incidence of 

forest fires (IPCC, 2006). The category of "land converted to forestland" contributes 

significantly in the LULUCF sector and includes both forests resulting from planting 

(directly induced by anthropogenic action) and those resulting from the natural extension of 

forest vegetation (actions that are not consequences of direct anthropogenic action but rather 

are indirect effects). 

Land use, land-use change, and forestry currently contribute approximately 10% of the 

global greenhouse gas emissions of CO2 and approximately 25% of those of CH4 and N2O 

but contribute 35% of the total accumulated anthropogenic GHG emissions. Approximately 
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33% of current anthropogenic emissions are removed by terrestrial ecosystems, mostly 

forests (Munawar et al., 2015; Keith et al., 2019). 

Forests and active agricultural land play an essential role in the fight against climate 

change. Trees and plants absorb and store carbon dioxide, removing it from the atmosphere. 

In general, it is estimated that in the EU-28, the activities to remove carbon from the 

atmosphere remove quantities equivalent to approximately 9% of the total greenhouse gas 

emissions generated by other sectors. On the other hand, certain agricultural activities, such 

as forestry and agricultural exploitation of wetland drainage and pasture plowing, reduces 

carbon uptake or even reverses it and can turn forests and agriculture into emission sources 

(Berglund and Berglund, 2010). Agriculture, which contributes approximately 10%–12% of 

the total global anthropogenic GHG emissions, is recognized as a critical source of 

greenhouse emissions. The CO2 and CH4 emissions from cropland are due to a variety of 

practices in the agricultural sector, including soil tillage, soil drainage, rice management, 

biomass burning, flooding, and the use of fertilizers and residue. N2O warms the atmosphere 

298 times more strongly than CO2 (with 20 years distant time in the future). The hundred-

year time horizon derived from soil microorganism activities (nitrification and denitrification 

processes) can be reduced due to no-tillage field management practices (Yan et al., 2017; 

Pradhan et al., 2017; Li et al., 2018). 

In Europe, a regulation on land use, land-use change and forestry was adopted in the 

climate and energy framework for 2030 (Regulation 841, 2018). The regulation introduces an 

updated system of accounting rules, which was previously regulated by Decision No. 

529/2013/EU and by the Kyoto Protocol, as well as flexible mechanisms for transferring 

emissions and removals with the Effort-Sharing Regulation. LULUCF regulation is the third 

pillar of the European climate and energy framework 2030. Together with the Effort Sharing 

Regulation and the revised ETS Directive, the framework creates a mandatory legal basis for 

EU-28 efforts to reduce global greenhouse gas emissions by at least 40% compared to 1990 

levels by 2030. 

Following the Paris Agreement, the international community has committed to 

upgrading to a low-carbon economy. Different countries are currently implementing policies 

to facilitate the shift to cleaner economies. The commission presented a Communication on 

the implementation of the commitments made under the Paris Agreement in March 2016, 

which was followed by a European strategy for a move to low emissions in June 2016 

(UNFCCC, 2015; Kuramochi et al., 2017; Moe and Røttereng, 2018). 

The strategy for a move to low emissions outlined several concrete measures to help 

Europe remain competitive and be able to meet the increasing mobility needs of people and 

goods. The strategy for moving to low emissions, which contributes to achieving the goals of 

the Energy Union, established transparent and equitable guiding principles that allow 

member states to prepare for the future. 

 

2. METHODOLOGY 

 

2.1 Data sources 

 

According to the UNFCCC protocol, several countries need to report their GHG 

emission inventories yearly. The net and sector-specific yearly GHGCO₂-eq. (CO2, CH4, N2O) 

emission data, which were reported as megatons CO2-eq./year, were investigated for the 

period from 1990-2017. A broad similar data set was included from the European 

Environment Agency (EEA), the National Institute of Statistics (NIS Romania) and the 

national greenhouse gas inventory. According to the Annex I countries and the following 

six sectors, energy, industrial processes, agriculture, land use/land-use change and forestry, 
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waste and transport sector, were included according to the 2006 IPCC guidelines for 

national GHG inventories. The principles of measurement, reporting and verification 

(MRV) were used to establish biennial update reports (BURs), public communication and 

methodologies associated with the revised 1996 IPCC guidelines for national greenhouse 

gas inventories incorporated in decision 17/CP.8. 

The Mann-Kendall (MK) trend test, which is a nonparametric statistical analysis 

(Kendall, 1948), was used to identify the long-term trends in greenhouse gas emissions 

between 1990 and 2017. The negative and positive signs estimated the upward and 

downward direction of the trend in the analyzed data. The two-tailed test for the null 

hypothesis (H0 – the presence of no significant trend) and the alternative hypothesis (HA – 

the presence of a significant increasing or decreasing trend) were conducted. The null 

hypothesis was rejected, and HA was adopted if the p-value < 0.05. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Trends in GHG emissions / removals from the LULUCF sector in the EU-28 

member states 

 

The land use classification according to the 2006 IPCC guidelines (IPCC, 2006) 

defined six main categories of land use: forestland, cropland, grassland, wetlands, 

settlements, and other areas and conversions between them. In the EU-28, the net removal 

in the LULUCF sector increased before 2005 to approximately 286.3 million tons of CO2 

equivalent (CO2-eq.). After 2005, 301.3 million tons of CO2-eq./year were calculated; in 

the period from 1990-2017, the average annual net amount absorbed was 292.5 million 

tons of CO2-eq./year (Table 1).  

 
Table 1. Synthetic comparative indicators of the evolution of the net removal  

during the period 1990-2017 
 

Time 

The average annual 

level, thousand tons 

CO2-eq/year 

The absolute average 

change, thousand  

tons CO2-eq/year 

Rate average  

annual 

% 

EU-28 RO EU-28 RO EU-28 RO 

1990-2005 286,317 20,157 4,204 166 1.5% 0.7% 

2005-2017 301,276 20,967 -4,163 64 -8.5% 0.3% 

1990-2017 292,487 20,507 485 102 0.2% 0.5% 

 

In Romania, the average yearly level of removal in the LULUCF sector were 

approximately 20.2 million tons of CO2-eq./year during the 1990-2005 period (Fig. 1a). 

After 2005, the average annual level increased to approximately 21.0 million tons CO2-

eq./year. In Romania, the net elimination, multiplied by 166 thousand tons of CO2-

equivalent, compared to the EU-28, in the period 1990-2005. The 2005-2017 period was 

observed to decrease to 64 thousand tons of CO2-eq./year. We noted that the average 

annual levels in the EU-28 increased by 5.2% in the 2005-2017 period compared to an 

increase of only 4% in the 1990-2005 period in Romania. Additionally, Romania's 

contribution was just over one-fifth of the average annual increase in the net removal 

recorded at the EU-28 level. For the analyzed period (1999-2017), 102 thousand tons CO2-

eq./year compared to the average yearly growth recorded at the EU-28 level, 485 thousand 

tons CO2-eq./year (Fig. 1). 
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The trend analysis highlighted that the RO CO2-eq. removal had a Kendall's tau 

value of 0.48 (p-value < 0.0002) in comparison to EU-28, where Kendall's tau = 0.06 and 

the p-value = 0.65. The risk of rejecting the hypothesis that no trend in the time-series RO 

CO2-eq. removal analyzed was lower than 0.02%, and for EU-28 CO2-eq. removal, it is 

true for 65.29%. On the other hand, for the RO emissions, CO2-eq. was calculated using a 

Kendall's tau value of 0.92 (p-value < 0.0001), and for the EU-28 emissions, the Kendall's 

tau value for the CO2-eq. was -0.60 (p-value <0.0001) (Fig. 1b). In both cases, the risk of 

rejecting the null hypothesis was lower than 0.01%, indicating an increasing trend for 

Romania and a decreasing trend for the EU-28. 

 
Figure 1. Comparative evolution of GHGs removal (a) and emission (b) from the LULUCF sector 

in EU-28 and Romania between 1990-2017 (thousands of tons CO2-eq.). Source: Graph built by the 

authors based on the information provided by the National Greenhouse Gas Inventory (INGES), 

www.UNFCCC.com 

 

It was observed that the gross removal in the EU-28 had a different evolution over 

the two analyzed periods. Between 1990 and 2005, the total amount of removal was 

approximately 455 million tons of CO2-eq./year, which increased by 3.2 million tons of 

CO2-eq./year on average, which was equivalent to an average annual rate of 0.7%/year. 

After 2005, the yearly average amount of removal increased to approximately 462 million 

tons of CO2-eq. The results indicated a decrease of approximately 5 million tons of CO2-

eq. every year on average, respectively, at a rate of 1.1%/year. The negative trend recorded 

after 2005 determined that over the period from 1990-2017, there was an average annual 

decrease of 457 million tons of CO2-eq., with an average rate of 0.1%/year. 

In Romania, the total absorption of the LULUCF sector increased. Between 1990 and 

2005, the average annual amount absorbed in CO2-eq. was 28.2 million tons. The average 

amount absorbed increased by 165 thousand tons of CO2-eq./year, which was a rate of 

0.6%/year. Between 2005 and 2017, the average total intake was 29.2 million tons of CO2-eq., 

a value that increased yearly by 67 thousand tons of CO2-eq., with a rate of 0.2%/year. The 

values reported from 2005-2017 were lower than those in the previous period (1990-2005), 

which determined the average annual amount absorbed by 28.7 million tons of CO2-eq./year. 

This means an average annual rate of 0.4% for an average yearly increase of 121 thousand tons 

of CO2-eq. absorbed per year. The total absorbed quantity that was registered in Romania from 

the LULUCF sector represented an increasing share of the total gross absorption in the EU-28, 

from 6.3% in 1990 to 7.3% in 2017. This finding can be explained by the more rapid increase 

in intake in Romania (0.4%/year) compared to the tendency of decreasing gross absorption at 

the EU-28 level (-0.1%/year). 

The emissions of CO2-eq. from the LULUCF sector, are much lower than the gross 

CO2-eq. removal (Fig. 1b). At EU-28, the total withdrawals are approximately 2.8 times 

http://www.unfccc.com/
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higher than emissions, and in Romania, this ratio is 3.5. The fact that the gross removal 

values are several times higher than the emissions makes the LULUCF sector a net 

absorber (Table 2). We noted that in the EU-28, the annual average quantity of GHGCO₂-eq. 

emissions was higher in the 1990-2005 period than that recorded in the 2005-2017 period. 

In Romania, the yearly average amount of GHGCO₂-eq. emissions increased in the 1990-

2005 period compared to that in the 2005-2017 period. The GHGCO₂-eq. generated by the 

LULUCF sector decreased to an average annual rate of 0.5% per year in the EU-28. In 

Romania, this emission increased by approximately 0.2% on average per year (Table 2). 

 
Table 2. Synthetic comparative indicators of the evolution of GHGCO₂-eq.  

from the LULUCF sector (period 1990-2017) 

Time 

The average annual 

level, thousand tons 

CO2-eq/year 

The absolute average 

change, thousand tons 

CO2-eq/year 

Rate average annual 

% 

EU-28 RO EU-28 RO EU-28 RO 

1990-2005 168,599 8,080 -986 32 -0.6% 0.4% 

2005-2017 160,412 8,299 -820 2 -0.5% 0.0% 

1990-2017 164,927 8,175 -912 19 -0.5% 0.2% 

 

The average growth rate of gross removal in Romania was 0.4%/year, which was 

higher than the CO2-eq. emissions (+ 0.2%/year), and the high value of CO2-eq. intake 

indicates that the LULUCF sector is a net absorber (Fig. 2a). In the 1990s, the total 

removal decreased in the EU-28 compared to the values recorded in Romania. The full 

removal of CO2-eq. increased steadily in Romania compared to in the EU-28, especially 

after 2011 (Fig. 2b). One aspect of the analysis is the absorption capacity of CO2-eq. from 

the LULUCF sector at the level of the whole economic unit. The measure was an indicator 

called the degree of CO2-eq. absorption, which is determined as a percentage ratio between 

the active CO2-eq. intake in the LULUCF sector and the total amount of CO2-eq. emitted 

from sources other than LULUCF throughout the economy. Active absorption means the 

effective incorporation of CO2-eq. by the forest and pasture areas without considering the 

carbon dioxide incorporated in wood products (HWP). 

 

 
 

Figure 2.  Comparative dynamics of the emission/removal of GHGCO₂-eq. from the LULUCF sector 

in (a) Romania and (b) EU-28 between 1990-2017 (1990 = 100%). Source: Graph built by the 

authors based on information provided by the National Greenhouse Gas Inventory (INGES) 2019, 

www.UNFCCC.com. 
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3.2 Analysis of the dynamics of emissions/removals in the LULUCF sector in 

Romania 

 

In the period from 1990-2017, approximately 28.54 million CO2-eq./year was 

absorbed, and the emissions were at an average level of 8.16 million tons of CO2-eq./year. 

Thus, an average annual level of net absorption of 20.39 million tons of CO2-eq./year was 

observed during the analyzed period. In 2017, compared to 1990, the total intake increased 

by 21.3%, which represented an increase of approximately 5.3 million CO2-eq. In 2017, 

compared to 2005, there was an increase of 2.8%. The increase was slightly over 800 

thousand tons of CO2-eq. 

The GHGCO₂-eq. emissions in the LULUCF sector in 2017, in comparison with those 

in 1990, increased by 8.7% and 667 thousand tons of CO2-eq., respectively. In comparison 

with 2005, the emissions increased by 0.4%, which was equivalent to 29,181 thousand tons 

of CO2-eq. (Table 3).  

 
Table 3. Dynamics of GHGCO₂-e emissions and removals from the LULUCF sector in  

Romania between 1990 and 2017 
 

Year 
Removals CO2-eq 

(-) 

Emissions CO2-

eq/year (+) 

LULUCF RO 

(-) 

  thousands of tons of 

CO2 equivalent 

 

A (1) (2) (3) = (1)-(2) 

1990 24,710 7,637 17,073 

2005 29,181 8,274 20,906 

2017 29,984 8,304 21,680 

 

The tendency of the increase of the gross absorption to be higher than the trend of 

the evolution of the emissions determined an intake of net absorption in 2017 compared to 

in 1990, representing an increase of 27%. The increase was 4.6 million CO2-eq., and in 

comparison, with 2005, the net quantity of absorbed CO2-eq. increased by 774 thousand 

tons, representing an increase of 3.7%. We noted that in the 1990-2005 period, the gross 

absorption increased by 1.05% per year, with 279 thousand tons of CO2-eq./year compared 

to the emissions that grew by only 0.5% per year. An increase in the absolute figures of 40 

thousand tons of CO2-eq was observed. Throughout the analyzed period, net absorption 

increased by 240 thousand tons of CO2-eq., with an annual average rate of 1.27% per year 

(Fig. 3c). In the 2005-2017 period, the growth rates of gross absorption and net 

emissions/removals in the LULUCF sector were as follows: gross absorption slowed down 

to 0.23% per year, emissions to 0.03%/year, and net absorption to 0.3%/year (Fig. 3a). 

Another aspect of the LULUCF analysis for Romania was the difference in reporting 

of the dynamics, either in the reference to 1990 or 2005, when the European Union started 

to apply a series of policies and measures to reduce greenhouse gases to reach the targets. 

The dynamics of emissions increased compared to those in 1990, stabilizing this increase 

up to 10%, and compared to that in 2005, the emissions curve remained relatively constant 

(Fig. 3a, b). The absorption had an evident tendency of accentuated growth compared to 

that in 1990, and, this increase was especially present after 2011 in comparison to 2005. 
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Figure 3. Comparative dynamics of gross absorption, net emission and removal of  

LULUCF sector in Romania a) considering 2005 the reference (100%); b) the reference was 

established 1990 (100%); c) the dynamics of total removal, emissions and net absorption of the 

LULUCF sector in Romania. 

 

3.3 Evolution of the dynamics of the chemical composition of GHG emissions in 

the LULUCF sector in Romania 

 

The main components of GHG emissions in the LULUCF sector are carbon dioxide, 

methane and nitrous oxide. The only chemical element absorbed is carbon dioxide. The net 

absorbent characteristics of the LULUCF sector is given by the considerable amount of 

gross absorption of carbon dioxide compared to the quantities emitted of other gaseous 

components. Another feature is related to the property of the LULUCF sector of absorbing 

carbon dioxide from different economic areas. In terms of the quantities of compounds 

emitted or absorbed, carbon dioxide is by for most important, the next is nitrous oxide, and 

the last is methane. 

In 2017, the amount of GHGCO₂-eq. emitted from LULUCF was 8.3 million tons CO2-

eq., which was 8.7% higher than that in 1990 (7.64 million tons CO2-eq.) and was 0.4% 

than that in 2005 (over 8.27 million tons CO2-eq.). Table 4 indicates an increase in the 

quantity of GHGCO₂-eq. of more than 666 thousand tons of CO2-eq. in 2017 when compared 

to that in 1990. Over 90% of the growth resulted from nitrous oxide emissions and 

methane emissions, which together accounted for almost 0.3% of the growth, and carbon 

dioxide emissions represented 9.3%. In observing 2017 versus 2005, it can be seen that the 

GHGCO₂-eq. increased by only 29.32 thousand tons CO2-eq., indicating a lower amount of 

approximately 96% than in the previous comparison. Furthermore, nitrous oxide 

contributed to the increase in 2017 compared to 2005 by approximately 94%, and the 

methane contributed only 6%. The rate of carbon dioxide was relatively constant after 

2005, which made the contributions to the previous growth irrelevant. 

 
Table 4. Absolute change of emissions of GHG LULUCF chemicals (thousand tons CO2-eq) 

 

2017 Compared to 

1990 

Compared to 

2005 

Emission CO2 (+) 62.23 0.00 

Emission CH4 (+) 1.90 1.82 

Emission N2O (+) 602.46 27.49 

Total emission, eq CO2 (+) 666.60 29.32 
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We noted that methane had a significant growth trend. In contrast, carbon dioxide 

had a relatively constant evolution, and the increase in nitrous oxide moderately 

accelerated until 2005, after which the value remained relatively constant until 2017 (Fig. 

4a). 

 

 
Figure 4. a) the dynamics of the chemical components of the GHGCO₂-eq. emissions from 

the LULUCF sector (period 1990-2017); b) the weight of GHGCO₂-eq. emissions after the 

chemical structure LULUCF in Romania 

 

At the level of the LULUCF sector, in the total GHGCO₂-eq. emissions, we noted that 

in 1990, the amount of carbon dioxide was approximately 84%, which decreased slowly to 

78% in 2017 (Fig. 4b). Nitrous oxide made up 16.25% of the emissions in 1990, and in 

2005, it exceeded one-fifth of the total GHGCO₂-e emissions from the LULUCF sector. 

Methane made up only a small part of the emissions and had an increasing trend (Fig. 4a). 

Before 2005, the quantity of GHGCO₂-eq. at the LULUCF level increased at an average rate 

of 0.5%/year, with 40 thousand tons of CO2-eq./year. After 2005, the registered values 

slightly increased by 0.03%/year; the increase was approximately 2 thousand tons of CO2-

eq./year (Table 5). 

 
Table 5.  Average annual GHGCO₂-eq. emissions from LULUCF following chemical structure 

(thousand tons CO2-eq) 
 

Year 
Total emissions, 

CO2-eq (+) 

Emission 

CO2 (+) 

Emission 

CH4 (+) 

Emission 

N2O (+) 

1990-2005 8,054 6,455 0.71 1,599 

2005-2017 8,299 6,458 1.34 1,839 

1990-2017 8,156 6,456 1.01 1,699 

 

From 1990-2017, the GHGCO₂-eq. emissions in the LULUCF sector had a slight 

growth trend, with an average rate of 0.3% per year, which in absolute numbers 

represented an average increase of 24 thousand tons of CO2-eq. The amount of carbon 

dioxide emissions recorded an average annual rate of 0.1% per year between 1990 and 

2005, with an average yearly increase of 3.9 thousand tons of CO2-eq./year. In the 2005-

2017 period, the emissions of carbon dioxide remained constant. Throughout the analyzed 

time span from 1990-2017, the average annual rate was 0.035% per year, amounting to 2.2 

thousand tons of CO2 (Table 6). 
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Table 6. Mean change absolute GHGCO₂-eq. emissions in the LULUCF sector in Romania during  

1990-2017, (thousand tons CO2-eq) 
 

Year 

Total 

emissions, 

eq CO2 (+) 

Emission CO2 

(+) 

Emission CH4 

(+) 

Emission N2O 

(+) 

1990-2005 40.0 3.9 0.0050 35.9 

2005-2017 2.0 0.0 0.15 2.0 

1990-2017 24 2.2 0.068 22 

 

The methane emissions recorded a growth trend with an average rate of 4.2% per 

year, amounting to an increase of 5 tons of CO2-eq./year in the interval 1990-2005. After 

2005, methane registered an accentuated growth of approximately 23% from one year to 

another, and methane emissions increased by 150 tons of CO2-eq. (more than 30 times 

higher than that during the 1990-2005 period). The accelerated growth trend of methane 

emissions from 2005-2017 influenced the GHGCO₂-eq.. Moreover, methane emissions have 

increased during the last 30 years at an average annual rate of 11.8% per year, which in 

absolute figures represented an increase of approximately 70 thousand tons of CO2-eq. 

(Table 6). 

Nitrous oxide recorded a rapid growth trend between 1990 and 2005, with an 

increase of 36 thousand tons of CO2-eq./year, for an annual average rate of 2.4%. After 

2005, the growth trend was insignificant at only 0.1% per year, representing only 2 

thousand tons of CO2-eq. During the time span analyzed, the growth tendency of nitrous 

oxide reached an annual average rate of 1.4% per year, indicating an increase from one 

year to another of 22 thousand tons of CO2-eq. (Table 6). 

Between 1990 and 2017, total carbon dioxide absorption increased by 0.9% per year, 

representing 186 thousand tons of CO2-eq./year. The methane absorption also increased by 

11.7% per year, representing an average annual increase of 68 tons of CO2-eq./year. We 

noted a significant increasing trend of methane, compared to the other two components, 

which was not worrying considering that GHGCO₂-e emissions from LULUCF's were almost 

nonexistent (with the highest amount being in 2012 of 0.27%). Otherwise, the shares were 

well below 0.2% of the emissions from the LULUCF sector. 

 

3.4. Analysis of the evolution of GHGCO₂-eq. emissions in the LULUCF sector in 

Romania by land 

 

In Table 7, we show the dynamics of GHGCO₂-eq. emissions in Romania in the 

LULUCF sector between 1990 and 2017. The trends in the evolution of emissions by 

geographical areas specific to the LULUCF sector were significant before 2005. After 

2005, they stabilized around values that remained unchanged. Most of the components in 

the LULUCF sector made more or less vital contributions to GHGCO₂-eq. emissions. 

"Settlements" had a share of approximately 50% in 1990, and this share decreased in both 

2005 and 2017 to approximately 47.5%. The "wetlands" emitted approximately one-fifth of 

the GHGCO₂-eq. at the LULUCF level in 1990 and represented a stock that subsequently 

stabilized at approximately 18.7%. The "other lands" area of the LULUCF sector increased 

from 17% in 1990 to over 22% in 2005 and 2017. The other two industries remained 

relatively constant over time ("cultivated lands" and "pastures") (Fig. 5a). 
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Table 7. Dynamics of GHGCO₂-eq. emissions in Romania in the LULUCF sector between  

1990-2017 (thousand tons of CO2-eq). 
 

Year 

A. 

Forest 

land 

B. 

Cropland 

 

C. 

Grassland 

 

D. 

Wetlands 

 

E. 

Settlements 

 

F. 

Other 

lands 

Total 

emissions 

1990 27 405 562 1,531 3,811 1,301 7,637 

2005 27 426 485 1,549 3,932 1,856 8,274 

2017 29 426 485 1,549 3,932 1,883 8,304 

 

The "other lands" area registered increased GHGCO₂-eq. emissions in 2017 compared 

to the reference year (45%) in 2005 (1.4%). Additionally, before 2005, the average annual 

growth rate of emissions was 2.2% per year, with an average yearly growth of 34.6 

thousand tons of CO2-eq./year. After 2005, the growth rate decreased compared to the 

previous period by approximately 0.1% per year, with an average annual growth of 2.2 

thousand tons of CO2-eq. Between 1990 and 2017, the GHGCO₂-eq. emissions increased by 

1.3% per year, increasing by 20.76 thousand tons CO2-eq. This amount was the most 

substantial absolute annual average increase compared to the other components of the 

LULUCF sector. 

In the period of 1990-2005, the GHGCO₂-eq. emissions from the forest areas remained 

constant, whereas after 2005, the emissions increased by approximately 0.5% per year, 

which represented 200 tons of CO2-eq./year. Before 2005, the emissions from "cultivated 

land" grew by 0.3% annually on average, amounting to 1.3 thousand tons of CO2-eq. After 

2005, they remained constant at 426 thousand tons of CO2-eq. (Fig. 5a). 

 

 
Figure 5. a) the dynamics of LULUCF components regarding GHGCO₂-eq. emission; b) the dynamics 

of the structure of GHGCO₂-eq removal in the LULUCF sector in Romania by the geographical 

structure; c) the dynamics of LULUCF components in terms of GHGCO₂-eq. removal. 

 

An emission reduction of approximately 4.8 thousand tons of CO2-eq., representing 

a decrease at an average annual rate of 0.9%/year, was observed for the grassland areas. 

After 2005, the share of this land-use type remained constant at approximately 485 

thousand tons annually. The absorption dynamics of the "wood products" area were 

different from the evolution of the absorption capacity in the forestland and cultivated land 

in the LULUCF sector. In both subperiods, the absorption showed average annual growth 

rates, as shown in Fig. 5b. 
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The high share of forestland in the absorption of GHG amounted to over 84% in 

1990 in contrast to the cultivated areas and the products obtained from wood. In 2005, this 

share increased slightly to approximately 86.3%, reaching just over 75% in 2017 - the 

absorption of forestland accumulates in stocks of wood products. The percentage of wood 

products increased from 6.9% in 2005 to approximately 18% in 2017. 

The share of wood products increased after 2005, from 6.9% to approximately 18% 

in 2017. In 2017, the absorption capacity of the forestland increased compared to the 

reference year by 7.8%, and compared to 2005, it decreased by 10.4%. The rate of decrease 

recorded compared to 2005 was higher in absolute value compared to the growth rate 

recorded in 2017. Cultivated land had 5.8% lower absorption in 2017 compared to in 1990, 

and a positive trend of 4.4% was calculated in 2017 compared to in 2005. The intake of the 

wood product area registered a substantial increase by 3.3 times in 2017 compared to the 

reference year; the growth was 2.6 times in 2017 compared to in 2005. Before 2005, the 

absorption in forestland increased at an average annual rate of approximately 1.2%. This 

rate did not continue into the immediately subsequent period, when intake decreased at an 

average yearly rate of approximately 0.9% per year. This situation led to a slight increase 

of 0.3% in the absorption per year over the analyzed time horizon. We also noted that 

before 2005, the absorption capacity increased by 266 thousand tons of CO2-eq./year, and 

after 2005, it decreased by 218 thousand tons of CO2-eq. The evolution after 2005 

practically determined the offset of the growth from the previous period (Fig. 5b). 

The absorption in the area of cultivated land decreased by 0.6%/year from 1990-

2005 by 13 thousand tons of CO2-eq./year. After 2005, an average annual increase in 

absorption of 0.4%/year and an absolute average increase of 7 thousand tons of CO2-

eq./year can be observed. In the analyzed time span, the average year-over-year rate decreased 

by 0.2% per year, which is expressed in absolute figures of 5 thousand tons of CO2-eq./year 

(Table 7). Thus, before 2005, an absorption rate of approximately 1.5% per year was 

calculated in absolute figures of 27 thousand tons of CO2-eq. This was approximately 5.7 

times higher than the 2005 share, reflecting an increase in quantity by over 10 times on 

average/year. This situation explains the rapid growth in the percentage of this component 

in the total LULUCF absorption as opposed to that of forestland (see Fig. 5c). 

 
4. CONCLUSIONS 

 

The study proposed recording of greenhouse gases from land use, land-use change and 

forestry activities (LULUCF) for the EU-28 member states from 1990-2017. The 

emissions/removals evolution from the Romania and EU-28 LULUCF sectors, were compared. 

The results indicated that in the EU-28, net removals in the LULUCF sector increased before 

2005 with, at the average yearly value of 301.3 million tons of CO2-eq./year, an average annual 

net amount was absorbed, representing 292.5 million tons of CO2-eq./year. For Romania, the 

average yearly level of absorption in the LULUCF sector was approximately 20.2 million tons 

of CO2-eq/year during the 1990-2005 period. After 2005, the average annual level increased to 

approximately 21.0 million tons of CO2-eq/year. In both periods analyzed in Romania, the net 

absorption, which was compared to that in the EU-28, was multiplied by 133 thousand tons of 

CO2-eq. in the 1990-2005 period. Furthermore, in the 2005-2017 period, only 64 thousand tons 

CO2-eq./year were reported. 

In Romania during the period from 1990-2017, approximately 28.54 million CO2-

eq./year was absorbed, and the net emissions were at an average level of 8.16 million tons 

of CO2-eq./year. The GHGCO₂-eq. emissions in the LULUCF sector increased by 8.7% in 

2017 compared to 0.4% in 2005 when 1990 was used as a reference. The main components 

of GHG emissions indicated different trends. Thus, the carbon dioxide had a relatively 
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constant evolution, methane had a significant growth tendency, and nitrous oxide increased 

moderately until 2005, after which the value remained relatively constant until 2017. The 

methane emissions recorded a growth trend at an average rate of 4.2% per year in the 

interval from 1990-2005 and ~23% between 2005 and 2019. Nitrous oxide exhibited a 

rapid growth trend between 1990 and 2005, with an annual average rate of 2.4% per year, 

and after 2005, only 0.1% per year. 

The Paris Agreement indicated a systematic approach of greenhouse gas emission 

statistics for each sector to easily assess different trends over time. Considering this 

purpose, specific policies and action plans for each sector need to be developed and, in 

many cases, improved based on accurate GHG statistics. The results discussed in this study 

will help national decision makers comprehend new alternatives for reducing greenhouse 

gas emissions and increasing absorption. 

The results presented in this study are meant to contribute to implementing 

environmental effective policies, to encourage the development of renewable, recyclable 

and sustainable energy sources, together with arousing the interest of all parties involved, 

from common people to decision makers, to preserve the biodiversity and make the 

breathable air a clean and healthy environment for everyone. 

 

 
Highlights: 

- In Romania, the total absorption of the LULUCF sector has increased. 

- The emissions of CO2-eq. were lower than the removal CO2-eq. by the LULUCF sector. 

- CH4 had a significant growth trend in contrast with that of CO2, which was relatively 

constant. 

- The GHG absorption of forestland amounted to over 84% in 1990 and only 75% in 2017. 

- This paper can be used to develop strategies to meet sustainable development goals (SDGs). 
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