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SUMMARY 

Different mechanisms drive marine and terrestrial ecosystems changes. The present study aimed at 
presenting a conceptual methodology to map marine and terrestrial changes, to recognize their drivers 
of change, and to measure the impacts of land management in Lithuania. To model changes in the 
terrestrial part a Cellular automata-Markov chain approach is proposed for the following four scenarios: 
business as usual; urbanization; land abandonment; and agricultural intensification. To measure its 
impacts the InVEST habitat model is endorsed. For the marine part, changes will be addressed in land 
and in the sea applying driver specific approaches. The outcomes can provide decision-makers 
anticipate futures uncertainties. 
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Introduction 
 
The loss of natural and semi-natural areas has contributed to the decline of marine and terrestrial 
ecosystems. This has been occurring as a consequence of both natural and human activities (Lambin et 
al., 2001; Marty et al., 2014; van Vliet et al., 2015), encouraged by different drivers of change, such as 
political, environmental, cultural, technological, and socioeconomic forces (van Vliet et al., 2015). 
These drivers of change combined have led to complex interaction processes, with indirect and direct 
impacts on marine and terrestrial ecosystems (Bürgi et al. 2004; Busck and Kristensen, 2014). 
Geographic modeling has been applied to predict future transformations in marine and terrestrial 
environments and to identify the drivers of change behind those transformations (Verburg et al., 2004). 
In the literature, there is a variety of models based on different empirical techniques, capable of 
predicting and identifying those changes (Houetet al., 2010). Some of the most commonly used are 
cellular automata (CA) (Li and Li, 2015), equation-based models (Parunak et al. 1998), artificial neural 
networks (Morgado et al., 2014), agent-based models (Bert et al., 2011), and evolutionary models 
(Thrall et al., 2011). The outcomes from these models can help decision-makers visualize different 
possible futures in 'what if' scenarios, allowing them to anticipate future uncertainties.  
 
Method of investigation 
 
Future marine and terrestrial dynamics can be analyzed from a bottom-up perspective (Liu et al., 2008a). 
For terrestrial systems, one of the methods increasingly employed is CA-based on Markov chains (Sang 
et al., 2011; Dezhkam et al., 2017). They can establish relationships between land use (dependent 
variable) and drivers of change (independent variables) to explain future dynamics. These variables 
should represent the most up-to-date data, and the independent variables should be normalized to deal 
with uncertainty, incomplete data, and nonlinearity (Bauer and Tomizuka, 1996; Zimmermann, 2010). 
Furthermore, the Pearson correlation test should be estimated to reduce redundancies between 
independent variables.  
To establish relationships between land-use change and drivers of change, different approaches can be 
used, such as logistic regression (Fu et al., 2018), multilayer perceptron (Gilpin, 2019), and similarity 
weighted instance (Mas et al., 2014). One of the most promising approaches is logistic regression 
(Arsanjani et al., 2012). This approach allows for creating potential transitional maps. It can be used to 
acquire the relative weights of explanatory drivers of change, which represent the drivers that influence 
future land use transformations (Wu, 2002). It is estimated, according to the following formula (Mahiny 
and Turner, 2003): 
 

𝑃 𝑦 1|𝑋
exp ∑𝐵𝑋

1 exp  ∑𝐵𝑋
 

 
where P is the probability of the dependent variable (land use class); X corresponds to the independent 
variables (driving forces), and B to the estimated parameters. In each logistic regression analysis, we 
should use different input drivers of change to explain the dependent variable. 
The methodological approach presented above (CA-Markov chain plus logistic regression) will be 
applied to map future marine and terrestrial dynamics. Lithuania was chosen as a case study (Figure 1) 
because it faced significant land-use changes between 1990 and 2018. During this period, there was a 
decrease in heathland and shrub (-27%) and grassland (-7%), while sparsely vegetated areas increased 
(+11%), and woodland and forest as well (+8%). 
CORINE Land Cover will be used as the reference land use map to project marine and terrestrial 
dynamics (Figure 2); and a set of drivers of change (e.g., political, environmental, cultural, 
technological, and socioeconomic) will be selected from different sources. 
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Figure 1 A) Case study: Lithuania and B) CORINE Land Cover 2018: Lithuania. Source: 
https://land.copernicus.eu/  

The following scenarios will be projected for 2040:  

A0 - Business as usual – future will mimic the past; A1 - Urbanization – increased number of new peri-
urban residents; A2 - Land abandonment – increased fuel costs; aging farming population; decreased 
European funds; and A3 - Agricultural intensification – agricultural markets closer to urban centers; 
increased demand for agricultural products. 

These scenarios will be addressed to test land-use strategies and will be connected with the political, 
environmental, cultural, technological, and socioeconomic aspects of the case study. According to the 
outcomes of each scenario, a habitat quality assessment (to measure the impacts of land use and land 
management) will be performed. Figure 3 depicts the methodological flowchart that will be applied. 
In marine and coastal domains, drivers of changes will be carried out inland and in the sea (Figure 4). 
In the coastal zone, we will apply the same methodology that we did in terrestrial ecosystems. The 
municipal development plans of the municipalities bordering the coastline will be analyzed to identify 
planned infrastructures (hotels, restaurants, or other culturally important infrastructures). This 
information will be incorporated into the scenario building. Changes in the marine area will be 
addressed considering environmental and anthropogenic drivers separately. Environmental drivers deal 
with changes (climate) that have an influence on the physical, chemical, and biological attributes of 
marine ecosystems. These changes, however of environmental origin, can be exacerbated due to human 
action. According to the Second Assessment of Climate Change for the Baltic Sea Basin (von Storch et 
al., 2015), future environmental changes related to climate change include atmospheric warming, sea-
level rise, increase in eutrophication, coastal erosion and the arrival of new invasive species in the Baltic 
Sea. Changes in surface temperature, salinity, chlorophyll concentrations will be assessed and mapped 
using Regional Circulation Models and climate projections available in the Copernicus portal 
(https://climate.copernicus.eu/). Anthropogenic drivers are affected by socioeconomic activities, 
including oil platforms, wind parks, underwater cables, ports, and marinas. All these infrastructures are 
considered in the Lithuanian Development Plan for 2030. Each of these drivers will be assessed 
individually regarding their potential impact on marine ecosystems and their services. Potential impacts 
of oil spills will be mapped using a combination of ocean forecasting and oil spill modeling, as in Marta-
Almeida et al. (2013). Potential underwater noise will be estimated for the construction of underwater 
cables and offshore wind parks. 

Expected outcomes and conclusions 

The expected outcomes can support the decision-making process by indicating the most likely drivers 
behind those changes (in each scenario) and showing alternative futures demonstrating how, when, 
where, and which marine and terrestrial changes may occur. For the marine area, the potential impacts 
of the identified drivers of change will be quantified to assess and map its influence in the provision of 
ecosystem services and human wellbeing. Preserving marine and terrestrial ecosystems is a critical issue 
to support our existence. Since it is not possible to avoid the impact of human action, it is essential to 
continue developing methods and techniques to improve our understanding of how these ecosystems 
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can be managed. Geographic modeling can provide an epistemological approach to recognize evolution 
better and predict its dynamics. It can help planners in the decision-making process by clarifying 
unpredictable conditions and identifying plausible future images in time and space, thus ensuring a 
better-quality living environment. 

A B 

 
Figure 2 – A) Methodological flowchart to map future terrestrial dynamics and B) future marine 

dynamics. 
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