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LAND COVER CHANGES 
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ABSTRACT 
Sustainable Development Goals number 13 and 15 settled by the United Nations in 2015 intends to tackle climate change and protect 
life on land by setting specific targets which are needed to be achieved over the next 12 years. Consequently, ecosystem services 
research, such as carbon sequestration and its climate regulatory function, have been highlighted. The land use, land-use change, and 
forestry (LULUCF) play a main role in the spatial modelling of carbon sequestration. In this study we used GIS and statistical tools to 
model carbon sequestration in mainland Portugal between years 2007 and 2010 based on land cover changes. A business as usual 
approach was adopted to extrapolate previous changes to 2020 and quantify the impact of existing land use and land cover policies on 
carbon capture. Results show that there was a negative variation, or a loss of carbon capture, of -5,4% between 2010 and 2020 at 
national level. For year 2020 the results at the district level followed the same pattern of the period from 2007 to 2010. The major 
negative variations between 2007 and 2010 were observed in Aveiro (-7,2%), Leiria (-5,6%) and Coimbra (-5,2%). Only Vila Real had 
slight increase in the carbon stored (0,8%). This approach may be useful for monitoring carbon storage over time and the provide 
environmental managers with tools to mitigate climate change more effectively.  

Keywords: carbon sequestration, ecosystem services, multi-temporal scenarios, spatial modelling 

1 INTRODUCTION  
Sustainable development is an obligatory requirement for a shift in human relationship with the environment to safeguard Earth for 
future generations (OECD 2016). The United Nations 2030 Agenda stablished 17 ambitious goals that will directly improve life on 
Earth. Among them, goals number 13 “take urgent action to combat climate change and its impacts” and number 15 “sustainably 
manage forests, combat desertification, halt and reverse land degradation, halt biodiversity loss” (United Nations 2015) are directly 
related to reduce and stop unwanted effects on the Planet, that potentially would lead to primary negative consequences. 

Scientists worldwide believe that the main result of global warming is due the emission of green gases, in which carbon dioxide (CO2) 
contributes to more than half for the cause(Adeyemi, Abu-Zahra, & Alnashef, 2017). 

Those gases concentration levels in atmosphere were naturally ascending and descending during geological eras, however, by human 
activities since industrialization period the amount of CO2 is rising in a huge scale, mainly due to the burning of fossil fuels (Ma 1998) 
and deforestation (NASA 2018). It is still important to mention that CO2 is not only increasing in the atmosphere but also in the sea, 
and even if direct effects of CO2 in sea waters may have small consequences, indirect effects (such as pH saturation) may be serious 
(Nienhuis 2010). 

If the main source of global climate change is human induced alterations in the composition of the atmosphere (Karl 2003), societies 
must also be the source for the the solution, tackling political, scientifically, technical, economical, and institutional impediments to 
overcome this obstacle. 

Yet, the USA is facing critical times by the federal government withdrawal of the global climate agreements. A recent study shows that 
mandatory policies are in fact reducing CO2 emissions while voluntary ones are not (Martin 2017). In other developed countries, 
renewable energy consumption contributes to economic growth in long-term planning (Ito 2017), but in developing nations such as 
the Africans, CO2 emissions are found higher in richer states, in spite renewable energies are labelled as an efficient substitute for 
conventional energy production (Zoundi 2017). 

On the other hand, land use and land cover have a vital importance to retain CO2 emissions. Forest contributions to capture and store 
those gases are less discussed in the literature comparing with other thematic like the renewable energies (Ni 2016), although CO2 
capture and storage states as a crucial strategy for meeting emission reduction targets (Leung 2014). Vegetation and soils in terrestrial 
ecosystems can accumulate atmospheric CO2 by the way of land use, land-use change, and forestry (LULUCF), defined by the United 
Nations as “a greenhouse gas inventory sector that covers emissions and removals of greenhouse gases resulting from direct human-
induced land use, land-use change and forestry activities” (United Nations n.d.a). LULUCF aims for stabilization of atmospheric 
greenhouse gas concentrations and the sector has a major importance for ecosystems as most of the changes in land use affects carbon 
held in soils and vegetation, where exactly the biggest fluxes of carbon derive from clearing forests for croplands and convert forests 
in open lands, and vice-versa (Houghton 2004). 

The EU environmental policy focus on nature and biodiversity protection by reducing land fragmentation and support several 
ecosystems services (European Environment Agency 2016.). Each Member State is now induced to be more climate-friendly in terms 
of land use as the 2016 “no debit rule” firms that emissions from land use are totally compensated by an equal removal of CO₂ in the 
atmosphere (European Commission n.d.). Still, the European Commission (EC) admits that with the ongoing implemented policies, 
greenhouse gases emissions are not expected to adequately cutback their percentage values to reach European Union's target 
reductions(European Commission, 2018). In the same reference, EC describe that “national reduction targets which provide the 
incentive for further policies driving deeper reductions are required” (idem). Considering national level, the Portuguese municipalities 
are engaged to apply sustainable environmental concepts on their spatial land planning, following EU directives.  

Briefly, Continental Portugal registered slightly changes on land use and land cover in 1995-2010 period. Forests (2,3%), artificially 
territories (1,2%), agroforestry systems (0,7) and water bodies (0,3%) increased over the country, while agriculture (-2,1%), 
grassland (-0,6%), and bushland (-0,5%) had some loses (Caetano, Igreja, Marcelino, & Costa, 2017). Nevertheless, the country was 
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hugely affected during 2003, 2007, and 2017 by devastating forest fires, which intensified the release of CO2 to the atmosphere. To 
achieve 2050 Paris agreement expected to be neutral of carbon, our forests need to be a fully healthy ecosystem that sink the CO2, such 
as the quantity processed by industry. In that domain, it is ineluctable transforming agriculture and forestry systems to limit global 
temperature to rise more than 2, or even 1.5 degrees (United Nations n.d.b). 

Despite CO2 fluctuations over time, anthropogenic gases emissions and their risks to human health, society and the environment are 
irreversible at human scale (Solomon 2009). In fact, climate change impact on economic growth, the interaction between damage and 
GDP, and the rate of adaptation are still uncertain which needs to be investigated (Moor 2015).  Quantifying and understanding the 
carbon cycle is crucial to enlighten changes that are happening resulting from land use and land change (European Space Agency 
2015). Besides, forests are a key component of the carbon cycle; as mentioned before, they absorb, store, but also release large amounts 
of Carbon to the atmosphere (idem). 

It is also relevant to focus the role that technology plays. Geographic information systems (GIS) are prepared to model storage and 
CO2 emissions data Pedersen (2009); Sahzabi (2011); Bonijol (2009); satellite earth observations are unique instruments for 
monitoring and quantifying the planet status, acquiring spatiotemporal data. Two of the most relevant global strategic programs are 
the NASA Orbiting Carbon Observatory-2 that measures CO2 from the space (NASA. n.d.), and the Copernicus Climate Change Service 
(C3S) and the Copernicus Atmosphere Monitoring Service (CAMS) (European Commission 2016b).  

The world has never been so aware how decisive can be to study and modelling carbon dioxide trends and evaluate patterns to 
anticipate, adapt, and be resilient against those pragmatic impacts that climate change is bringing. To guide climate policies and 
understand carbon cycle more properly, it is necessary to precisely assess anthropogenic CO2 emissions and their distribution in 
atmosphere and in terrestrial and ocean biosphere (Le Quéré 2015). Hence, this study aims to access to carbon storage and 
sequestration values in Continental Portugal, analysing the values for each district in 2007 and 2010, to produce an exploratory multi-
temporal analysis, along with a prediction for the year 2020 based on land cover changes. 

2 MATERIALS AND METHODS 

2.1 Study area 
At an administrate level, continental Portugal consists of 18 districts in which varied land use and land cover (LULC) types can be 
identified (Figure 1). In 2007, forests occupied major land space (42,9%), followed by agriculture (32,36%). Wetlands have no 
important territorial expression (0,29%) and water bodies use more space (20,51%) than artificial territories (3,93%). Considering 
the years 2007 and 2010, artificial (0,03 %) areas and water bodies (0,01 %) increased, and all other land use and land cover classes 
decreased in the total amount of occupied area. In fact, artificial territories are the only class in which the variation is higher than 
0.01%. It is clear that the urban expansion is a stablished phenomenon – even if population is not growing - and forest land is being 
lost.  

 
Figure 1 – Land use and land cover of continental Portuguese Districts (2007) 

2.2 Data 
We used the national land use land cover cartographic product (COS) for the reference year of 2007 and 2010. At the first step, it was 
necessary to apply a reclassification to the original land use classes to better explain the spatial distribution of the carbon sequestration 
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along the country. Instead of the 225 original classes represented in COS, we stablish and reduce them twelve classes that would allow 
us to preset the carbon sequestration values 

 We collected data from National Forest Inventory (ICNF), which reports carbon values for each forestation species. After extracting 
those values, we compiled our own database, recording the class of land use vegetation, the type of vegetation species, the region, and 
the carbon sequestration value. The main species were holm oak; eucalyptus; maritime pine; cork oak. Dominant eucalyptus from Dão 
Lafões region had the highest carbon values, however, the specie which stored more carbon was the pure (more than 75% of the forest 
cover).  forests of maritime pine. In opposite and excluding other areas (such as grasslands or shrublands), dominated (forest species 
with less forest cover then other species) Pine tree in Beira Interior Norte, has the lowest value. Our methodologic decision for the 
reclassification was supported by the vision and knowledge about the territory and by the insensitive exploratory analysis of merging 
LCLU space classes together. The following table illustrates the applied reclassification (Table 1) to the new LCLU dataset created. 

Table 1- Reclassification of COS classes  
Cod Classes Area (ha) 

2007 % 2010 % Variation (%) 
1 Holm oaks forest 59 852.65 0,5 59 510.09 0,5 -0,58 
2 Cork forest 235 200.44 2,1 235 223.81 2,1 0,01 
3 Eucalyptus forest 466 417.77 4,2 503 848.87 4,6 7,43 
4 Pine forest 461 692.69 4,2 432 545.53 3,9 -6,74 
5 Agricultural areas 1 977042.35 17,9 1 981068.07 18,0 0,20 
6 Scrub and/or herbaceous vegetation 

associations 
2 094318.72 19,0 2 032330.65 18,4 -3,05 

7 Pastures 479 316.43 4,3 470 377.12 4,3 -1,90 

8 Complex cultivation pattern 1 114519.23 10,1 1 114613.60 10,1 0,01 
9 Open spaces with little or no 

vegetation 
476 639.26 4,3 537 296.60 4,9 11,29 

10 Other broadleaves tree forest 355 940.56 3,2 350 753.28 3,2 -1,48 
11 Other coniferous tree forest 584 042.77 5,3 571 843.94 5,2 -2,13 
12 Other areas 2 729849.40 24,7 2 745419.16 24,9 0,57 
Total 11036839,27 100 11034830,72 100 -0,02 

 

Each main forest species was individualized as their importance is unique. Other classes could be grouped in terms of their effects on 
carbon sequestration. As showed by the table above, some classes had few variations in terms of areas of the 3 years period. 
Nevertheless, classes represented with the code 3, 4 and 9 had their areas extended by 2010. In the opposite, classes 4,6,7,10 and 11 
are less represented in COS 2010. 

Tem de haver uma tabela onde se veja o valor de carbono atribuído a cada classe. 

2.3 InVEST Model 
InVEST is an open source software built to users map and value the natural capital. It maps ecosystem services and the quality of 
species as production functions of LCLU using simple biophysical models (Bhagabati et al 2014). It uses maps as inputs and – 
information sources- and outputs – cartographic product Sharp et al 2018). In this work, firstly we had applied carbon storage and 
sequestration model to map carbon density from our land use land cover raster datasets, where we have used just the pool “c_above”, 
meaning carbon density in aboveground mass. It aims to estimate the amount of CO2 stored in a landscape or sequestered over time, 
setting values to each cell considering the carbon value of the represented class.  

To create the story and to predict how future events can be shaped, we used the InVEST scenario generator, a simple method to create 
scenarios based on land suitability. A business as usual approach was adopted by extrapolating previous changes over a 10-year period 
to observe the impact of current land use and land cover policies on carbon capture.  

Both models were applied for 2007 and 2010 and the main results for this project were obtain by the comparison of the variation 
between 2007 - 2010 and 2010 – 2020. The individual steps applied to model and create the scenario are illustrated in the following 
figure. 

3 RESULTS AND DISCUSSION 
Over the analysed period, the total variation in terms of carbon capture was slightly noticeable. The output of our model shows that 
just one district recorded positive variation of carbon capture for the period 2010 – 2020 (figure 3). Only three other districts had 
been somehow near to register a neutral or even positive variation. On the opposite, Aveiro district registered worst values and special 
attention needs to be applied there. Those results caused some surprise as they are unbalanced and adverse. Centre and littoral are 
areas where carbon capture have most significative negative variations. The range of variation values are not deviant but the fact that 
17 on 18 districts shows negative variation should be highlighted.   

The period – dependent from the LCLU cartography- was too short to account deeper analysis. The new Portuguese LCLU cartography 
recently produced would improve the timeliness. However, the nomenclature from COS 2015 is different from COS 2007 and the 
classes significantly reduced from 225 to 48, which would affect accuracy in terms of specie individualization. Would be also target 
from a deeper analysis if the scale would be at municipality level instead of district. The business as usual approach is simplistic as 
there are knowable bounds to the linear regulation and changes to land use. We recognize that this method fits when things are 
constant and when no big changes occurred but eventually this wouldn´t be the most suitable situation taking into account how land 
use might change rapidly. In the next step for this investigation, we recommend to access and introduce territorial policies in order to 
understand how they will change the carbon sequestration values. Creating scenarios based on Intergovernmental Panel on Climate 
Change (IPCC) theoretical and approaching scenarios draw by experts on the matter would be more effectively. 



 
 

 
 

109 

25th APDR Congress | ISBN 978-989-8780-06-5 

 
Figure 2 – Carbon capture Scenario – District percentual variation 2010 - 2020 

4 CONCLUSION  
In this study we promote a scenario modelling approach to access and understand land use and land cover territorial policies and their 
potential impacts on carbon capture situation by modelling carbon capture values in each continental district. The scenario generated 
shows that there is a linear variation which is decreasing in terms of carbon capture from the ground over time, meaning that the 
policies over the land do not meet environmental norms and requirements. Overall, the national tendency is to reduce carbon capture 
values, “ceteris paribus”. This situation is alarming and needs to be further reviewed as our scenario is classified as pessimist. GIS 
demonstrated to be an interesting and valuable tool due to their specific potential to quantify and map carbon values. From the 
limitations previously pointed out, this approach is merely indicative and needs to be progressed. Finally, our work meets EU 
Biodiversity Strategy 2020, which binds EU countries to assess and map ecosystem services (Rabe 2016). However, there is no 
commonly established approach to develop climate change scenarios, as the outcomes can diversely vary by the different observations, 
models, processes, intentions, user requirements or inputs (Lenderink 2014). 
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