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Abstract

:

To implement appropriate land management strategies, it is essential to identify past and current land cover and land use conditions. In addition, an assessment of land development phases (LDPs) in a human-dominated landscape coupled with an analysis of the water-food-ecosystem (WFE) nexus can deepen our understanding of sustainable land management. In this study, we proposed the concept of land development phases (LDPs) by forest and GDP changes using previously-applied theoretical and empirical approaches. The positive relationship between GDP growth and forest stock changes was used to analyze the timing of forest stock changes as five-year averages, which were aggregated over 20 years to classify LDPs. In addition, forest area changes compared with GDP and GDP per capita changes were analyzed to identify LDPs. Based on two conceptual approaches, we suggested global land into three LDPs: degradation, restoration and sustainability. Using this approach, most of Europe, North America and northeast Asia were classified as sustainability phases, while Africa and Central Asia in the Mid-Latitude region appeared to have degradation or restoration phases. The LDPs described could be improved with further incorporation of solid data analysis and clear standards, but even at this stage, these LDP classifications suggest points for implementing appropriate land management. In addition, indices from comparative analysis of the LDPs with the WFE nexus can be connected with socio-economic global indices, such as the Global Hunger Index, the Food Production Index and the Climate Change Performance Index. The LDPs have the potential to facilitate appropriate land management strategies through integrating WFE nexus and ecosystem services; we propose future research that uses this integration for the Mid-Latitude region and worldwide.
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1. Introduction


Environmental sustainability is considered both a current and future challenge for global society, which needs to address human poverty and nature conservation, particularly at the Mid-Latitude region, where most of the world’s population resides [1,2,3]. Based on criticism of the current destructive production and consumption system, the declaration of the United Nation’s Sustainable Development Goals (SDGs) raised awareness of environmental sustainability [4]. Furthermore, achieving environmental sustainability has been recognized as a global challenge to improve climate change adaptation capacity through enhanced ecosystem resilience and ecosystem services [5,6,7].



Managing the ecosystem services and water-food-energy nexus is an important part of environmental decision-making [8,9]. In addition, the water-food-energy nexus is known as a key driver of promoting SDGs and environmental sustainability [10]. The nexus approach includes policy suggestions under the synergy and trade-offs between the water, food and energy production and consumption system, so it can contribute to sustainable management [11,12]. Understanding the relationship between environmental sustainability and the water-food-energy system requires integrating environmental and socio-economic dimensions [13,14]. Previous studies have specifically focused on the environmental dimension of the ecosystem. Ecosystems provide services by generating socio-economic benefits, and the concept of the ecosystem services is critical in understanding the relationship between environmental sustainability and the water-food-energy system [15,16,17]. Furthermore, ecosystems have been emphasized as a component of improving not only ecosystem services, but also ecosystem resilience and climate change adaptation [18,19].



Ecosystems include all three nexus pillars of water, food and energy; therefore, previous studies have described the relationships between ecosystems and the nexus concept. For example, the importance of ecosystems in supporting water cycles and food production has been analyzed based on the relationship between water and food [20]. In addition, the relationship between ecosystem habitats and agricultural intensification were also assessed to characterize the consequences for people and national development [19]. Ecosystem and energy relationships, between bio-fuels and energy consumption systems, have also been evaluated using an integrated analysis [21]. Ecosystems are not only fundamental for water and food sustainability, but are an important resource because they serve as the primary source of energy. Thus, the water-food-ecosystem (WFE) nexus could conceptually replace the water-food-energy nexus to provide eco-centric perspectives on forest and land management issue.



Although the WFE nexus is a new proposal, the overall characteristics of the nexus approach were not changed. The WFE nexus is comprehensively integrated similar to the water-food-energy nexus, so socio-economic dimension should also be closely connected to each variable of water, food and ecosystem [22,23]. Furthermore, understanding the current environmental and socio-economic status of land cover and land use both at global and regional levels, including the Mid-Latitude region, should be identified to appropriately balance the WFE nexus and achieve environmental sustainability [8]. In addition, differences in land development circumstances between regions could be conceptually connected in a global agenda for appropriate land management and the success of SDGs and the WFE nexus.



The Mid-Latitude region generally refers to the area between 30° and 60° latitudes in the Northern Hemisphere. This region could be broadened to the area between the xeric belts and the tropical region, which is also described by diversity in climatic, geographic, demographic and national characteristics. Past warming trends between 15° and 45° latitudes have resulted in different future projections for changing land cover in temperate, arid and semi-arid climates [24,25]. In addition, climate extremes have caused direct and indirect problems, such as abnormalities in temperature, decreasing gross primary productivity (GPP) and land degradation [25,26,27]. More than 50% of the world’s population lives in this zone, which increases the pressure on natural resources and limits the adaptation and carrying capacity of the Mid-Latitude region. This directly affects the achievement of environmental sustainability and human well-being [28]. Although these problems are expected in the Mid-Latitude region, policies based on different land development circumstances and latitudinal approaches are implemented, which suggests a direction of analysis [29]. The Mid-Latitude region covers a huge area and the issues and challenges in this region are also diverse; each sub-region and country has different socio-economic conditions, in addition to environments, that drive different land management policies.



In summary, evidence suggests that a primary analysis of common challenges globally and at the Mid-Latitude region should address maintaining environmental sustainability. As a primary step for identifying environmental sustainability, we tried to argue some conceptual connections based on novel theoretical approaches that incorporate a land development phases (LDPs) classification. We incorporated previously-published empirical approaches and theories to examine LDPs, such as degradation, restoration and sustainability, to improve conceptual linkages for environmentally-sustainable decision-making [2,30]. On this conceptual basis, we suggest discussion points for current environmental and socio-economic sustainability and global indices related to the WFE and ecosystem services given the LDPs status in the Mid-Latitude region and worldwide.




2. The Relationship between Ecosystem and Socio-Economic Status


Previous studies have evaluated the effect of economic growth on environmental restoration [31,32]. As a commonly-accepted approach, the environmental Kuznets curve (EKC), represented by inverted U-shape curves, was usually adopted to explain the theoretical relationship between per capita income and environmental quality [33,34]. This approach originally hypothesized that economic development leads to decreasing economic inequality. However, in terms of the ecosystems and environment, conservation and recovery due to economic growth have been limited due to various drivers from each sector. Therefore, it has been challenging to determine exact inflection points in the EKC. With the uncertainty in coordinating environmental decision-making based on economic factors, a comparison of economic and forest stock changes was proposed [35]. Although in-depth analysis was limited with this approach, the ECK research has provided a theoretical background and motivations for considering economic factors with natural environmental quality and developing the LDPs concept.



Regardless of these challenges, evidence for correlated ecosystem restoration and economic growth is exemplified in some regions, such as the Korean Peninsula. Based on forest restoration history, the Republic of Korea (South Korea) and the Democratic People’s Republic of Korea (North Korea) had different political, economic and environmental pathways. Notably, serious environmental degradation has been reported since the 1990s in North Korea, which resulted in forest degradation and decreasing net primary productions [36,37,38]. In contrast, forest stock in South Korea has increased since the 1970s with proper forest management and restoration activities [39]. A quantitative comparison of the two countries based on gross domestic product (GDP) per capita data from the World Bank and forest stock data from 1960–2010 provided by the Korea National Institute of Forest Science (NIFoS) is shown in Figure 1 [40,41].



The relationship between GDP growth and forest stock changes in South Korea and North Korea represents positive evidence between environmental restoration and economic development. Although there are many factors that affect GDP per capita and forest growth, we can infer that economic growth has a positive impact on environmental restoration capacity [40]. To expand the regional scales to the Mid-Latitude region and global scale, global 1° forest stock data were adopted to figure out the relationship between GDP and forest stock change [42]. Data were compared based on five-year averages, and the relationship between GDP growth and forest stock changes showed differing results depending on the country. In France, forest stock increased rapidly with increasing economic GDP per capita. In contrast, a clear relationship was not identified in China, Iran and Iraq. The forest stock of these countries fluctuated, and GDP per capita grew rapidly after the 2000s (Figure 2).



Such results provide important evidence of the connection between environmental status, represented by forest stock, and socio-economic status, represented by GDP per capita. Canada, Germany, USA and Italy had similar patterns as the French case. China had converted its industrial structure after the 1970s, and GDP per capita increased rapidly after the 2000s. Iran also showed increasing GDP per capita after the 2000s, but an economic recession occurred from the late 1980s to the 1990s. There was a time gap between economic recession and a decrease in forest stock. Afghanistan also showed a similar pattern as Iran, but we could only compare forest stock changes because of missing GDP per capita data from 1980–2005. Trends characterized by variable economic status were also found for Pakistan, Greece, Tunisia and Iraq. Similarly, there was insufficient time series data for global statistics for several countries. Furthermore, internal and external issues, such as war, independence and civil disorder, were also important factors for understanding the linkage between forest and socio-economic changes.



In the above trends, GDP per capita and forest growth both characteristically increase in value with time. Global GDP per capita gradually increases due to inflation from industrialization, removing tariffs and national stability [43]. In addition, without conditions that cause decreases in forest stock, such as forest degradation and forest management, forest stock should also increase due to forest restoration activities [44]. Therefore, increasing trends from 1950–2000 are reasonable in many countries even in the context of fluctuation between countries. Inversed patterns between forest growth and economic changes in several countries suggest that environmental sustainability can be different depending on land status. From the perspective of the forest transition model (FT), a decrease in forest stock is the result of deforestation and forest degradation in the early and late transition stage of forest land changes, but forest stability is a constant stage observed in the restored area [45,46]. Based on FT theory, France has been classified as in a post-restoration phase. However, other countries are classified into deforestation or restoration phases, suggesting that forest stock changes and socio-economic changes could be used as evidence for understanding the relationship between environmental sustainability and the WFE nexus.



Based on this theoretical background and empirical evidence, an approach for classifying land status is summarized as follows. First, forest is a representative of the ecosystem in the WFE nexus, which shows land transition and changes. Second, forest quality and quantity should be considered with socio-economic capability. Third, quantifiable outputs for future application to decision-making should be required for driving and testing the concept. Based on these considerations, Figure 3 depicts the conceptual flows for (1) classifying LDPs based on forest area and GDP changes and (2) applying the LDPs for the WFE nexus in the Mid-Latitude region.




3. Classification of Global Land Development Phases


3.1. LDPs Based on Forest Stock Changes


Based on forest stock changes and adopting FT theory, land sustainability status can be classified into three phases: early transition as a degradation phase, late transition as a restoration phase and post-restoration as a sustainability phase. In FT theory, forest variables and attributes, such as forest area, forest stock, forest biomass and forest carbon, are suggested variables. However, quality also needs to be accounted for; for example, forest area represents the quantitative amount of forest, but not the quality of the forest in such an area [47]. Therefore, we adopted forest stock as the classification variable, as it incorporates both quality and quantity. The average of five-year forest stock changes was calculated and aggregated into 20-year intervals, 1950–1970, 1970–1990 and 1990–2010. Forest degradation was defined as an aggregated average value in the time series of below zero (negative), decreasing forest stock. Forest restoration and sustainable management were defined by stock values above zero (positive). The analysis also considered changes through time: trends from negative to positive were regarded as restoration or reaching a sustainability phase and good management, while declining trends were regarded as approaching a degradation phase. This approach is also an attempt to reflect current forest management activities to mitigate climate change through increasing forest stock for carbon sequestration and adaptation based on Reducing Emission from Deforestation and forest Degradation (REDD+) activities in developing countries [48]. In addition, it could represent sustainable forest management schemes in certified forests [49]. After synthesizing the data and evaluating the trends over the three 20-year periods, we divided the countries into eight zones (Figure 4).



Figure 4 indicates the patterns of each zone and LDPs. The eight zones were calculated using trends in restoration and degradation over the three time periods, i.e., increasing or decreasing forest stock in a given time period. Therefore, there were eight combinations as follows: Zone 1 (decreasing-decreasing-decreasing), Zone 2 (decreasing-increasing-decreasing), Zone 3 (increasing-decreasing-decreasing), Zone 4 (increasing-increasing-decreasing), Zone 5 (decreasing-decreasing-increasing), Zone 6 (increasing-decreasing-increasing), Zone 7 (decreasing-increasing-increasing) and Zone 8 (increasing-increasing-increasing). The classification used the 2010 status as the end point; therefore, decreasing forest stock from 1990–2010 was degradation, and increasing forest stock from 1990–2010 was restoration. In the degradation phase, overall forest stock change (FSC) was below zero, and it implied that countries lost their forest stock due to negative environmental conditions in the forest or management failure. In the restoration phase, some absolute values of the FSCs were below zero, but most were above zero between 1990 and 2010. In addition to classification by the zones, countries were also assigned an overall LDPs status. Countries with FSCs remaining in degradation from 1950–2010 were classified as in a degradation phase. Countries with FSCs indicating restoration from 1990–2010, but having experienced degradation from 1950–1990 or degradation from 1970–1990 were classified as the restoration phase. Countries with forest stock growth from 1970–2010 were classified as the sustainability phase. Therefore, Zones 1 to 3 were regarded as the degradation phase because of the timing of the decreasing forest stock. Zone 5 was regarded as the restoration phase, and Zone 8 was regarded as the sustainability phase. However, Zones 4, 6 and 7 were more complex; ultimately, land phases were classified as restoration and sustainability if the previous decrease in forest stock was recovered by the subsequent increase in forest stock. The bottom line is that most of Zone 4 was regarded as in the degradation phase, most of Zone 6 as in the restoration phase and most of Zone 7 as in the sustainability phase.



The LDPs classification shown in Figure 4 was based on the forest stock change. The restoration phase included countries where forest stock growth exceeded the decreasing amounts of forest stock from the past or where there was normal forest growth with no degradation. To set a proper standard for small-scale forest stock decreases, average forest stock change rates were calculated over shorter time scales and compared with the average growth rates for the entire time series. Forest stock change rates exceeding the growth rate for the entire time series indicated that restoration was more intense than degradation. Therefore, recent degradation from 1990–2010 was classified into degradation, but some countries with small-scale forest stock decreases were adjusted as in the restoration phase. In addition, countries that had forest stock growth from 1950–1970 with small-scale forest stock decreases from 1970–1990 were adjusted into the sustainability phase. Countries where the FSCs did not exceed the decrease in forest stock from 1950–1970 and from 1970–2010 were also reclassified into the restoration phase (Figure 5 and Table 1).




3.2. LDPs Based on Forest Area and GDP Changes


Based on FT theory and using forest growth changes, the world can be divided into three phases. However, socio-economic capacity is also an important part of environmental sustainability measurement represented in EKC theory [33,34]. In addition, previous empirical EKC analysis indicated a strong relationship between forest area growth and economic improvement based on afforestation and reforestation mechanisms [48,49]. Therefore, while forest stock represents the quality of the forest and environment, a quantity change needs to be compared with the appropriate capacity, i.e., from society. Therefore, GDP per capita and forest area change were compared to understand and properly represent LDPs.



We classified the countries with thresholds set at 5000 USD and 10,000 USD of GDP per capita in 2010, which divides low-income countries, middle-income countries and high-income countries. The World Bank has classified countries using the WESP (the World Economic Situation and Prospects) by gross national income (GNI) per capita. Their classifications are <4085 USD for low-income and lower-middle-income countries and 4085–12,615 USD for upper-middle-income countries. Countries with GNI per capita > 12,615 USD are classified as high-income countries. However, they also aggregated data with GDP, exchange rate, purchasing power parity and gross domestic incomes because the timing of data availability was quite different for rapidly-developing countries. Therefore, we adopted a classification similar to the World Bank’s, but still tried to consider the relationship between GDP and forest change [39,50]. The countries in each economic zone were divided based on increasing and decreasing forest area, so six zones were classified as combinations; low economy with decreasing forest area, low economy with increasing forest area, middle economy with decreasing forest area, middle economy with increasing forest area, high economy with decreasing forest area and high income with increasing forest area [51,52,53]. Countries were divided with the breakpoints of 50 billion USD and 500 billion USD GDP prior to classification based on forest change [39,50,53]. Subsequently, GDP per capita and GDP zones were aggregated by scoring each zone from 0–5 to classify countries (Figure 6 and Table 1).



Adding an economic measure for classification resulted in some countries remaining in the same LDPs classification, while other countries changed (see Figure 6 compared to Figure 5). However, countries in Central Asia and Central Africa were commonly classified in the degradation phase. In contrast, developed countries in West Europe, North America and East Asian countries were categorized in the sustainability phase. Some countries in Africa and East Europe showed different LDPs based on the classification using GDP and GDP per capita with forest area change. Some countries were classified in the same phases in both classification approaches. However, many countries in degradation based on the classification using GDP and GDP per capita were classified as restoration phase or sustainability phase when they were classified by forest stock changes (Table 1). Therefore, we can apply different approaches to classify LDPs in different decision-making process. Through conceptual LDPs classification, some commonalities were found in both classification approaches. The countries with decreasing forest area and forest stock growth combined with less environmental restoration capacity based on economic size were classified as in the degradation phase. Countries that had increasing forest area and forest stock growth combined with the trend and that had restoration capacity were classified as in the restoration phase. The countries that had increasing forest area and forest stock growth combined with small forest management intervention and enough restoration capacity were classified into the sustainability phase.





4. Relationship between LDPs and WFE Indices


LDPs can be correlated with the WFE nexus based on related global indices. At the same time, an integrated framework for examining environmental and socio-economic sustainability has been proposed because there are many challenges in a holistic assessment of the nexus [10]. However, this global scale conceptual framework needs to be improved, and the relationship between many variables should be defined for practical nexus analysis [7,54]. Therefore, available indices were adopted to determine trends in the WFE nexus over a global scale.



In the water sector, total renewable water resources (TRWR) is a water-related WFE nexus index [55]. A high score indicates that a country has enough water resources, while a low score indicates that a country experiences water stress. Total water withdrawal per capita (TWW) is the indicator that measures the total annual amount of water withdrawn per inhabitant [55]. In short, TWW indicates water demand of each country [56]. The percentage of TWW to TRWR indicates the demand from total water resources where higher values indicate a greater quantity of consumed water resources. It also implies a country’s ability to use available water resources. High values can also be interpreted as the country having enough capacity for using resources.



The Global Hunger Index (GHI) and Food Production Index (FPI) were applied to evaluate the food aspect of the WFE nexus. The GHI was developed to measure and track hunger at the global, regional and country scale. It describes the hunger status of children where high values imply greater hunger [57]. As a complement, FPI describes the status of crops and livestock that are considered edible and contain nutrients [58]. FPI explains the relative level of the aggregate volume of agricultural production for each year in comparison with the base period from 2004–2006. The base year is regarded as one hundred percent and is compared with a certain year’s production volume. It includes the quantity of the commodity sold in the market and the quantity consumed or used by producers.



To evaluate ecosystems in the WFE nexus, the Forest and Agriculture Organization of the United Nations (FAO)-published Global Forest Resources Assessments (FRA), which monitor the world’s forest status, were used. Among the many assessments made in the FRA, protected forest areas and areas designated as having high biodiversity in countries and territories are good representations of ecosystem status. The unit of measure for both the protected areas and conservation of biodiversity is 1000 ha, meaning greater numbers indicate larger areas with biodiversity conservation and protected forest.



The Climate Change Performance Index (CCPI) can also be integrated into the WFE nexus because of the socio-economic dimension of climate change. This index is a tool to keep track of national and international climate policy, because it incorporates emission trends and levels. Therefore, it can be used as a proxy to show the relationship between energy usage and efficient energy pressure management for balancing the components in the WFE nexus. To provide corresponding time scales, indices within five years of 2010 were analyzed (Table 2 and Table 3).



Through Table 2 and Table 3, it is clear that the ratio of TWW to TRWR changed based on the classification approaches of LDPs. For example, their values in the sustainability phases were similar, but different in the restoration and degradation phases. In addition, GHI had varying trends between classification approaches. As described previously, low GHI values indicate less hunger, so values in the sustainability phase were expected to be lower than values in other phases, which was observed in the approach using GDP, but not forest stock. In contrast, FPI had similar patterns for both LDPs classification approaches, with minor variance in the restoration phase. Examining the data according to each country’s land phase classification, biodiversity conservation and protected forest areas had the highest values in countries classified in the restoration phase and had the smallest values in countries classified in the degradation phase. In the case of the CCPI, the average scores in the sustainability and restoration phases were higher than those in the degradation phase. Overall, the trends based on LDPs classified by forest area change and GDP were considered reasonable.



Water-food-energy indices correlated with the different LDPs approaches. The indices related with socio-economic factors were better correlated with the GDP-based approach. However, the forest stock-based approach also better represented the environmental perspective. In some land phases, the indices had limitations because the indices were originally created for developing countries. That is, some indices’ calculations for developed countries were insufficient for indicating the sustainability phase. In this study, these kinds of indices were regarded as outliers in the global overview, which implied an imperfection of LDPs classification and the limitation of the WFE indices.




5. Implementation of LDPs with the WFE Nexus in the Mid-Latitude Region


The overarching environmental sustainability status in time and on national scales can be viewed from the perspectives of degradation, restoration and sustainability phases. Through LDPs, it is clear that forest stock, forest area and economic changes can indicate the environmental sustainability status of a country. Previous literature has provided the basis for the LDPs approach through empirical evidence comparing forest changes with economic drivers, as well as FT and EKC theories [33,34,59]. In particular, studies that considered forest stock change as a restoration process and national restored capacity quantitatively described relationships between forest changes and national economic size [60]. Nonetheless, LDPs could be improved by considering other land cover or ecosystem status. Distributions of forest cover vary due to more general global land cover changes from vegetated parts of East Asia and the Mediterranean to desert parts of Central Asia and arid and semi-arid regions in Central Asia [61]. Therefore, additional details would substantially improve on the suggested conceptual approaches. However, current statistical and spatial data availability limits the analysis. Therefore, obtaining spatio-temporally different national data that describe ecosystem change is important for further analyzing land classification. For example, the resolution of the forest stock data should be improved to provide better national-scale analysis at the appropriate time scale. Therefore, future research should focus on improving data for LDPs and solving the theoretical challenges to set the standard for socio-economic thresholds for classifying LDPs. With these further adjustment and analysis, we can integrate land management issues with the WFE nexus and ecosystem services enhancement in the Mid-Latitude region.



LDPs can aid in analyzing the WFE nexus. Overall relations between each LDP and the nexus indices suggest casual mechanisms, but some limitations still exist. Selecting and improving indices more appropriately should provide enhanced relationships, albeit potentially more complicated. In addition, land phases were represented at a broad spatial and geographic scale, so more detailed data are required to overcome the generalized approaches used in this study [62]. Specifically, key features and challenges highlighted in previous studies were found in the LDPs analysis [12]. Connecting SDGs goals and indicators would be possible and could improve the LDPs approach [63]. However, the concept of LDPs with WFE indices applied to the Mid-Latitude region and globally provides some insight into land status and future management. Based on this work, we can categorize similar problems and circumstances and suggest regional decision-making solutions.



Ecosystem services based on the LDPs can be implemented for sustainable management. The benefit of ecosystem services using the LDPs approach is that they can suggest management solutions that achieve environmental sustainability. In reviewing some past and current major environmental challenges worldwide and in the Mid-Latitude region, grouping land covers based on LDPs provides an environmental rationale for research. Focusing on the problem area will provide better understanding of the function and interaction of ecosystems from various perspectives. This type of approach can be used to address global climate change and move towards sustainable management of natural resources. Therefore, it is critical that ecosystem services be managed by the classified LDPs [64,65,66] (Figure 7).



The Mid-Latitude region exemplifies a close relationship between ecosystem services and the LDPs. This region is important in terms of the global carbon budget, climate change mitigation and adaptation and understanding the food-water-energy nexus for achieving SDGs [22,27,28,29]. Many challenges regarding ongoing degradation exist, and some successful restorations are expected to incorporate ecosystem services management [38,39,67]. The Mid-Latitude region is a large region with various climates and diverse land cover types with expanding megacities and urban areas. Thus, the region might face water and food shortages with massive land degradation [26]. These effects imply that countries in degradation phases are misappropriating their primary production from ecosystem services [64,68], and countries in the restoration phase are taking more active measures to protect the regulating and provisioning services of ecosystems [69,70]. In practice, regions in the degradation phase in Central Asia should consider adopting practical knowledge from successful restoration cases observed in Europe and East Asia. The experiences from these latter countries in recovery processes and enhancement of ecosystem service should be shared to facilitate restoration activities.




6. Conclusions


Taking a holistic approach in understanding the complexity of the WFE nexus demands an eco-centric perspective to secure environmental sustainability in the Mid-Latitude region and ultimately for global sustainability. Our study proposed two conceptual approaches to classify LDPs, a mechanism for understanding the status of the global land development and ecosystems. Starting from empirical and theoretical backgrounds, we tried to classify LDPs using the available, but limited, data for forest area, forest stock and socio-economic status. The LDPs, degradation, restoration and sustainability, represent environmental sustainability statuses. However, this work represents a first step in this kind of classification, which neglected this as common knowledge, and future research should further improve the LDP classification. In addition, related issues, such as environmental sustainability and the WFE nexus, were evaluated in the context of LDPs. Based on these integrated investigations, proper management plans are clearly indispensable for addressing climate change adaptation and enhancing ecosystem services. Planning is essential because, as indicated by previous development paradigms, unexpected environmental problems are manifestations of the cost of indiscriminate development. In comparison to other regions worldwide, especially the Mid-Latitude region is facing inequality of environmental sustainability. Similar to the north-south problems, the Mid-Latitude region is also impacted by country-specific geopolitical factors. Therefore, global society needs to prepare detailed frameworks to address current and future challenges in the Mid-Latitude region and improve environmental sustainability and the WFE nexus.
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Figure 1. Relationship between GDP per capita and forest stock on the Korean Peninsula: (a) South Korea; and (b) North Korea. 
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Figure 2. Relationship between GDP per capita and forest stock in the Mid-Latitude region: (a) France; (b) China; (c) Iran; and (d) Afghanistan. 
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Figure 3. Conceptual flows for classifying and implementing land development phases (LDPs). 






Figure 3. Conceptual flows for classifying and implementing land development phases (LDPs).



[image: Sustainability 09 01342 g003]







[image: Sustainability 09 01342 g004 550] 





Figure 4. Classification of the eight zone for LDPs classification (degradation, restoration and sustainability). FSC, forest stock change. 
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Figure 5. LDPs classification by forest stock change. 
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Figure 6. Land development phases by GDP and GDP per capita with forest area change. 
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Figure 7. Ecosystem services by each land development phase. 
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Table 1. Matrix of LDPs classification of major countries based on two approaches: (1) forest stock change and (2) GDP and GDP per capita with forest area change.
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	LDPs Classification
	Degradation Phase Based on Forest Stock Change
	Restoration Phase Based on Forest Stock Change
	Sustainability Phase Based on Forest Stock Change





	Degradation phase based on GDP and GDP per capita with forest area change
	Afghanistan, Albania, Angola, Armenia, Colombia, Congo, Dominica, El Salvador, Gambia, Ghana, Grenada, Guyana, Jamaica, Kazakhstan, Laos, Lesotho, Macedonia, Maldives, Mali, Myanmar, Namibia, Nicaragua, Niger, North Korea, Peru, South Africa, Sri Lanka, Sudan, Swaziland, Tajikistan, Tanzania, Tonga, Tunisia, Turkmenistan, Uganda, Western Sahara, Yemen
	Bangladesh, Bolivia, Burundi, Cambodia, Central African Republic, Chad, Equatorial Guinea, Eritrea, Ethiopia, Georgia, Guinea-Bissau, Kyrgyzstan, Madagascar, Malawi, Mauritania, Moldova, Mongolia, Nepal, Papua New Guinea, Rwanda, Senegal, Serbia, Sierra Leone, Somalia, Suriname, Kenya, Syria, Jordan, Uzbekistan, Zambia, Zimbabwe
	Belize, Benin, Bhutan, Bosnia and Herzegovina, Botswana, Bulgaria, Burkina Faso, Cameroon, Congo, Djibouti, Ecuador, Guatemala, Guinea, Haiti, Honduras, Ivory Coast, Liberia, Mozambique, Nigeria, Pakistan, Panama, Paraguay, Togo



	Restoration phase based on GDP and GDP per capita with forest area change
	Azerbaijan, Bahrain, Brunei, Egypt, Iceland, Iran, Portugal, Thailand, Uruguay, Vietnam
	Belarus, Brazil, Chile, China, Cyprus, Estonia, Faroe Islands, Gabon, Greenland, Indonesia, Iraq, Latvia, Lebanon, Libya, Lithuania, Malaysia, Malta, Mexico, Monaco, Morocco, Oman, Philippines, Qatar, Romania, Singapore, Taiwan, Trinidad and Tobago, Ukraine, Venezuela
	Algeria, Andorra, Argentina, Costa Rica, Croatia, Cuba, Dominican Republic, Hungary, India, Liechtenstein, Luxembourg, Montenegro, Norway, Poland, San Marino, Slovakia, Slovenia



	Sustainability phase based on GDP and GDP per capita with forest area change
	Greece, Iceland, Kuwait, Saudi Arabia, United Arab Emirates
	Australia, Israel, Russia
	Austria, Belgium, Canada, Czech Republic, Denmark, Finland, France, Germany, Italy, Japan, Netherlands, New Zealand, Puerto Rico, South Korea, Spain, Sweden, Switzerland, Turkey, United Kingdom, United States
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Table 2. Water-food-ecosystem indices classified into LDPs based on forest stock. IFPRI, International Food Policy Research Institute.
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	Indices (Year)
	Degradation
	Restoration
	Sustainability
	Source





	TWW (2007)
	713.85
	479.36
	547.69
	FAO, 2016



	TWW (2012)
	1322.81
	383.64
	508.62
	FAO, 2016



	TRWR (2002)
	29,274.82
	19,041.87
	22,972.90
	FAO, 2016



	TRWR (2007)
	27,712.10
	17,619.84
	20,937.94
	FAO, 2016



	TWW/TRWR × 100 (2007)
	2.58
	2.72
	2.62
	FAO, 2016



	TWW/TRWR × 100 (2012)
	5.13
	2.34
	2.65
	FAO, 2016



	GHI (2008)
	20.97
	22.04
	23.39
	IFPRI, 2017



	GHI (2016)
	17.84
	18.50
	21.63
	IFPRI, 2017



	FPI (2007)
	105.44
	103.25
	102.46
	World Bank, 2017



	FPI (2012)
	115.96
	118.54
	111.45
	World Bank, 2017



	Biodiversity Conservation (2010)
	1998.51
	4443.94
	3231.39
	FAO, 2017



	Protected Forest Area (2010)
	1856.10
	7753.06
	3088.32
	FAO, 2017



	CCPI (2008)
	51.11
	50.85
	52.21
	Germanwatch, 2007



	CCPI (2012)
	51.96
	55.32
	55.77
	Germanwatch, 2011
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Table 3. Water-food-ecosystem indices classified into LDPs based on forest area and GDP change.
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	Indices (Year)
	Degradation
	Restoration
	Sustainability
	Source





	TWW (2007)
	510.13
	571.63
	691.53
	FAO, 2016



	TWW (2012)
	450.14
	789.23
	607.45
	FAO, 2016



	TRWR (2007)
	23,889.85
	23,855.83
	12,063.90
	FAO, 2016



	TRWR (2012)
	21,795.38
	22,600.55
	11,565.08
	FAO, 2016



	TWW/TRWR × 100 (2007)
	2.14
	2.34
	5.73
	FAO, 2016



	TWW/TRWR × 100 (2012)
	2.07
	3.49
	5.25
	FAO, 2016



	GHI (2008)
	25.53
	13.22
	7.17
	IFPRI, 2017



	GHI (2016)
	21.40
	11.47
	6.80
	IFPRI, 2017



	FPI (2007)
	105.42
	102.16
	100.15
	World Bank, 2017



	FPI (2012)
	120.40
	112.36
	104.47
	World Bank, 2017



	Biodiversity Conservation (2010)
	1900.28
	3749.67
	7087.29
	FAO, 2017



	Protected Forest Area (2010)
	2045.21
	8332.06
	4854.10
	FAO, 2017



	CCPI (2008)
	49.87
	53.30
	49.94
	Germanwatch, 2007



	CCPI (2012)
	47.60
	56.37
	54.43
	Germanwatch, 2011











© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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