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Abstract

:

Industrial and technological development have contributed significantly to causing environmental crises, such as climate change and land degradation. To address these environmental challenges, nature-based solutions (NBS) have gained increased attention over conventional technical responses. This study derived conceptual linkages from NBS application to resilience promotion, and subsequently, to the achievement of sustainable development goals (SDGs). The study was conducted to reveal that NBS activities are an essential approach that determines the balance between human development and nature conservation. In this paper, we compare four case studies, one domestic reforestation project and three international afforestation projects, all of which had forest-related NBS experiences and were conducted by the Republic of Korea. All four projects were found to have an impact on environmental and socio-economic resilience. These impacts were qualitatively assessed through resilience indicator evaluations. Subsequently, the resilience indicators were matched with the targets of the SDGs. NBS initiatives designed to include various natural and social elements promoted the resilience of ecosystems and society and address a broader spectrum of SDGs. Further efforts to establish region-specific promotional models, identify resilience indicators, and collect scientific data are recommended for quantitatively assessing the NBS initiatives.
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1. Introduction


Rapid industrialization has caused a global environmental crisis, which in turn has produced rebound effects by threatening human society. The expansion of arid areas and degraded lands has not only caused an environmental crisis but also brought about social and economic crises that demand immediate solutions to harmonize human development and nature conservation and look further than the conventional technological innovations used to address these issues [1]. The need for fundamental prevention and mitigation of these problems has encouraged us to go beyond technological responses. For instance, desertification can be prevented by creating an ecosystem in arid regions, and such preventive measures eliminate the need for technical solutions. The concept of nature-based solutions (NBS) has emerged in this context. While there are always debates on the issues of the trade-off between NBS and other technical solutions, however, this paper focuses on NBS instead of other solutions to derive the implications of NBS. According to the International Union for Conservation of Nature (IUCN), NBS is described as “actions to protect, sustainably manage, and restore natural or modified ecosystems that address societal challenges effectively and adaptively, simultaneously providing human well-being and biodiversity benefits” [1]. Based on its holistic characteristics, NBS is now emerging as a global consensus and practical guideline for the international community, by expanding the scope of its application. Why and how does NBS function to address these urgent socio-economic and environmental problems? The reason for this is the contribution of NBS to resilience enhancement [2,3].



Resilience is defined as the ability of a system to maintain its function and structure against external perturbations [4,5,6]. The perturbations that originate outside of a system are challenges, threats, and sometimes, uncertainties that harm the integrity of the system [4]. A system covers a variety of fields that it can be a natural ecosystem, society, or economic system [5,6]. The concept of resilience is used in a broad range of academic fields, including ecology, psychology, and engineering, with each discipline presenting distinct definitions [7,8,9]. This study addressed two types of resilience, environmental and socio-economic resilience, to include the ecological and social aspects that sustain human livelihoods. According to Holling, environmental resilience is the capacity of a system to withstand shock and maintain critical structures and functions [10]. Adger refers to social resilience as the capacity of communities to cope with external stresses resulting from social, political, and environmental changes [11]. Based on these two definitions, this study attempted to expand Adger’s definition of “social resilience” and use the term “socio-economic resilience” because both social and economic aspects represent community resilience [12,13].



NBS can assist in achieving the continuity of a system by reducing the risk factors of the system or enhancing the ability of the system to respond to external shocks. For example, in arid regions suffering from desertification, NBS act as a fundamental solution by transforming deserts into grasslands, shrublands, and forests through vegetation establishment, which ultimately reduces the risk factors of the ecosystems. Multiple studies provide evidence that NBS activities contribute to resilience enhancement [2,3]. Thus, in this study, the elements related to the system’s continuity were considered as resilience indicators. We followed the narrative of the concept that strengthening these indicators enhances the resilience of the system, thereby making the system sustainable.



Achieving environmental and social sustainability can further be aligned with the sustainable development goals (SDGs) of the global 2030 agenda that aims for global transformation. Seventeen SDGs were developed to respond to environmental and social issues, such as climate change and poverty. NBS implementation can assist in achieving these SDGs by enhancing resilience [2,14]. Several cases exploring NBS for building resilience in cities, rural areas, and coastal regions were previously studied [2], and according to Martín, several SDGs can be achieved through NBS implementation by promoting the delivery of ecosystem services that generate environmental, societal, and economic co-benefits [14]. Therefore, SDGs can be internationally recognized as achievements and desirable milestones for NBS actions. The logical evolution that resilience contributes to sustainable development initiated with the development of the concept of resilience [15,16]. For instance, Handmer and Dovers distinguished systemic resilience types, including resistance to change, decreasing the pace of change, and creating a new adaptable system that consequently result in ecological sustainability [16]. The most recent study by Acharya et al. also proposes the connections between NBS and resilience based on case studies and further suggests the need for transformative approaches to create resilience to achieve SDGs that reflect the rapidly changing contemporary natural and social systems [17].



Based on the previous literature, we included more cases and profound implications on such environmental and social connections. These connections were within the scope of NBS experiences, which were conducted by the Republic of Korea (Korea), with emphasis on the forest sector. Understanding the NBS experiences of Korea is important because Korea is one of only four countries that succeeded in forest rehabilitation after World War II [18]. According to a report by the Food and Agriculture Organization, the reforestation rate per ha of Korea between 1990 and 2015 was 196%, which is the highest increase rate in the Asia-Pacific region, and the highest among the countries falling within the scope of the Organization for Economic and Cooperation Development and G20 [19]. One of the reasons for the successful reforestation in Korea was the active engagement of residents, aided by strong governmental authorities. Additionally, establishing 10-year plans to periodically review and revise the forest policies and management, and implementing energy policies to replace household fuels from wood to fossil fuels led to the success of the reforestation. Reforestation was a common goal that encompasses the fields of politics, society, and the economy. Based on these successful reforestation experiences, Korea is currently conducting multiple afforestation-related official development assistance (ODA) initiatives in countries worldwide.



This study attempts to share Korea’s experiences of utilizing the NBS concept and analyze the sequential connectivity between NBS and the resilience of an ecosystem and society, and ultimately the association with the universal standards of human well-being, the SDGs. The cases are divided into two sections comprising one domestic reforestation project and three international afforestation projects. The Korean government led the domestic reforestation project in the late 1900s. The gained experience served as the basis to conduct overseas afforestation projects in three countries, China, Mongolia, and Kazakhstan, all of which received ODA from the Korean government. In China, the Korea–China Amity Great Green Wall Project began in 2002 and was managed by the Future Forest, a Korean non-governmental organization (NGO). In Mongolia, afforestation projects spearheaded by the Green Asia Network (GAN), another Korean NGO, have been underway since the early 2000s. In Kazakhstan, the Korea Forest Service (KFS) rehabilitated the dry and dusty Aral sea beds through afforestation. We collected scientific data and evidential materials, including official publications, unpublished reports, survey responses, and opinions of stakeholders of each project, to select major resilience indicators. Subsequently, the connections between NBS, resilience, and SDGs were analyzed using a qualitative approach. A total of 169 targets included in the 17 SDGs were matched with the resilience factors of each project. Finally, the Korean greening cases (including all reforestation and afforestation activities) were evaluated with the IUCN Global Standard for NBS to determine whether a case is an NBS action, and subsequently, access its performance. The findings of the analyses have implications for future design and access to NBS projects.




2. Domestic Reforestation Projects of Korea


2.1. Korea


Korea includes 6.3 million ha of mountainous forest areas, covering 63% of the total national area [20]. However, Korea underwent the Japanese colonial period and the Korean War in the early 1900s, which destroyed forests. During the Japanese colonial period (1910–1945), natural resources were severely exploited with the growing stock of forests declining from 700 million m3 to 200 million m3 [21]. The following Korean War (1950–1953) further caused severe forest cover loss. During the same time, the majority of Korean citizens were experiencing extreme poverty, and fuelwood was used as the primary source of energy for cooking and heating [22]. In addition, slash-and-burn agriculture increased rapidly during this period, covering areas over 1.2 million ha; moreover, the number of slash-and-burn farmers reached almost 2 million, accounting for 7% of the total population and 12% of farmers during that period [22]. Consequently, approximately half of the total forest area in the 1950s was converted into bare mountains with few trees; additionally, the mean growing stock per ha was only 5.7 m3 ha−1 in 1953, which accounted for only 3.5% of the level in 2019 (161.5 m3 ha−1) [20].



Since the 1960s, the Korean government has launched various forest protection, reforestation, and erosion control projects through the establishment of the KFS in 1967; consequently, forest rehabilitation, achieved in over 20 years, was guided by the national forestry plan, which was revised every ten years. The shifting aims and activities of the plans were milestones for the forest rehabilitation process in Korea.



The First 10-Year Forest Rehabilitation Plan (1973–1978) had the following major aims: (1) to promote a national reforestation movement in which all citizens can participate, (2) to expedite forestation by planting fast-growing trees (larch, poplars, black locusts, etc.), (3) to create fuel forests, and (4) to rebuild slash-and-burn fields [23]. This plan was scheduled to be completed in 1982, but was completed four years in advance because of the early reforestation achievement of 1 million hectares (Table 1). This rapid reforestation was possible because of the active participation of citizens guided by robust governmental and administrative powers. For example, the Arbor Period (21 March–20 April) was designated as a national event that involved several million participants from the military, administrative agencies, schools, villages, and private organizations [22]. The Second 10-Year Forest Rehabilitation Plan (1979–1987) emphasized the economic role of forests. Along with fast-growing trees to ensure greening, few economically viable trees were planted to produce timber and fruit. More than 1 million hectares of land was reforested with 325,000 ha of economically viable trees; additionally, most deforested mountainous areas were restored during this period [24]. With the establishment of forests to some extent, the third plan, named the Forest Resource Plan (1988–1997), aimed to develop income streams and improve the public service function of forests to maximize forest utilization [25]. Subsequently, an additional 320,000 ha of economically viable forests were created to supply high-quality and stable timber resources. The distribution system of forest resources was developed for village economies of the mountainous regions, and facilities were established to promote a complete and robust forest culture [25]. With the development of the Fourth Forest Basic Plan (1998–2007), sustainable forest management (SFM) was first introduced as the primary direction for forest management. This indicates a significant conceptual and policy change in Korea that aimed to increase the value of forests by shifting from the “planting policy” to the “tending policy” [26]. The major objective of this plan included the development of forest resource management systems to maintain sustainable forest ecosystems and contribute to the economy.



2.1.1. Resilience Analysis


Environmental Resilience


An increase in biodiversity enhances food web complexity and stabilizes several ecosystem functions and ecological processes that regulate energy, nutrient, and organic matter fluxes in an environment, including nutrient recycling and biomass production [28]. The Korean reforestation projects secured large areas of vegetation cover and enhanced soil fertility and stability. Increased soil quality facilitated the growth of other plants, which in turn provided food and shelter for animals. The number of species in the Korean Peninsula was first counted as 28,462 in 1996, which gradually increased to 54,428 in 2020 [29]. Particularly, 13,400 animal species (vertebrates and invertebrates) and 900 species of higher plants were recorded. Additionally, the population of animals in mountainous and hilly areas increased following reforestation. During 1969–2000, the average population (numbers per 100 ha) of ring-necked pheasant and water deer increased from 8.6 to 19.4 and 1.2 to 4.1, respectively (Figure 1) [30,31]. The deer population continually increased to 7.9 until 2019, whereas the pheasant population declined after the late 1990s, possibly due to urbanization and habitat loss [31,32,33]. However, the wild boar population gradually increased from 1.3 in 1978 to 6.8 in 2019 [30,31,32].



Reforestation enhances the water retention capacity and stability of soils, both of which are vital for maintaining forest ecosystems [34]. The water retention capacity can be determined by calculating water yield, an amount of water supply by land cover, and soil stability of forests can be determined by calculating soil erosion mass, an amount of soil loss of and land cover. According to a modeling estimation conducted by Lee et al., during 1971–2010, the annual water yield (million tons) ranged from 341 to 4860 in the presence of forestation, whereas it ranged from 142 to 4683 in the absence of forestation [35]. The net effect of reforestation, which was calculated using the difference between the annual water yield values of these two cases, gradually increased with time. During the same period, the annual soil erosion mass decreased by 83% from 24 to 4 teragrams (Tg) [35]. In addition, reforestation in Korea improved the soil physicochemical qualities in the reforested areas, with particularly significant improvements in old forest stands [36,37]. Furthermore, after reforestation, the thickness of the litter layer, soil organic matter content, and nutrient content (including phosphorus and calcium) of the soils were found to increase [37].



Reforestation has tremendous potential for mitigating climate change because forests sequester atmospheric carbon dioxide into above and belowground biomass and soils [38]. Long-term reforestation in Korea has rapidly increased carbon sequestration in forests. Lee et al. reported that the carbon stock of Korean forests, including biomass, dead wood, soil organic matter, and litter, increased from 422.4 Tg C in 1954 (immediately after the Korean War and before the onset of reforestation operations) to 903.5 Tg C in 2012 [39]. Moreover, according to the National Greenhouse Gas Inventory Report of Korea, the atmospheric carbon dioxide sequestered by forests in 2018 was 45.6 Tg CO2 [40].




Socio-Economic Resilience


Forest resources generate income by providing employment opportunities through the sale of forest products, thus playing an essential role in maintaining the livelihood of rural households and contributing to the national economy. The proportion of the Korean forest resources was estimated annually and converted into monetary values. During 1974–2019, the annual forest resource production increased from 116 to 6567 billion South Korean Won (KRW; 1150 South Korean Won ≈ 1 United States Dollar as of 2021) [41]. The resource production included the growing stock of trees in reforested areas, landscape trees, nuts, mushrooms, wild edible herbs, and other products, such as sawdust, medicinal plants, wood sap, firewood, etc. (Figure 2). Particularly, cultivated chestnuts in the nut sector were a significant source of income and food during the 1960s and the 1970s.



Forests provide several ecosystem services, especially the provision of clean air and water that ensure human well-being. These forest-derived public services are important indicators of socio-economic resilience. The public value of Korean forests based on their services has been assessed regularly. In the past 30 years (1987–2018), the public service value (trillion KRW) of Korean forests has continuously increased from 17.7 to 221.2 (Figure 3) [42,43,44]. The ecosystem service of air purification can be divided into three sub-sections: greenhouse gas (GHG) absorption, oxygen production, and air pollutant reduction. The public value of forests increased significantly during evaluations in 2018 because it added the function of carbon storage by forest soil, which was not covered in the previous evaluations, to the GHG absorption service of forests [44]. Furthermore, a positive outlook for securing clean energy is expected in Korea because the production and use of wood-based fuels have increased, with over 330,000 tons of wood pellets manufactured in 2020 [45]. Wood pellets release fewer air pollutants, such as sulfur oxides and nitrogen oxides, than fossil fuels, and have been recognized as clean fuels, which do not emit GHGs, by the United Nations Framework Convention on Climate Change (UNFCCC).







3. International Afforestation Projects of Korea


3.1. China


The northern and northwestern regions of China mainly consist of arid and semiarid areas. These areas include the Gobi Desert, Taklamakan Desert, and the Kubuqi Desert. The yellow dust issue is caused by the sand, dust, and pollutants that originate from these deserts because they move along seasonal winds and spread to distant and far-off regions [46,47,48]. Yellow dust is known for causing problems in human health, agriculture, aviation, and manufacturing industries in China and its neighboring countries [46,47]. Changes in patterns and magnitude of rainfall and increasing temperature caused by climate change have been increasing the desert area. Compared to the late 1900s, drylands are expected to grow by 11% and 23% under the future GHG concentration scenarios of the Representative Concentration Pathways (RCP) 4.5 and RCP 8.5, respectively. RCP 4.5 is a “stabilization scenario” in which the policy is implemented and atmospheric GHG concentrations are reduced to the middle of the century, and RCP 8.5 is a scenario of “comparatively high greenhouse gas emissions” caused by rapid population growth, high energy requirements, fossil fuel dominance, and lack of climate change measures. This means that by the end of the century, drylands might account for 50% to 56% of the land on Earth under RCP 4.5 and RCP 8.5, respectively. Consequently, the damage caused by the yellow dust is expected to increase further [48].



In response to this issue, Future Forest has been conducting desertification and yellow dust prevention projects in China since 2002 with ODA from the Korean government and with financial support from Korean private companies, such as Korean Air and Bank and Credit Card (BC Card). The duration of the ongoing project is 35 years (2006–2041), and the project site is located in the Kubuqi Desert, which is administratively a part of Dalad Banner, Ordos City, China. As of 2019, under the project, approximately 12 million Populus and Salix trees were planted over a total area of 4741 ha on both sides of the Jiechai Road, which crosses the easternmost part of the Kubuqi Desert in the north–south direction [49]. The planting resulted in the creation of a green wall approximately 16 km long and 600 m wide, which is expected to block wind and sand and prevent further expansion of the desert area, thus managing the environmental, social, and economic issues caused by yellow dust.



3.1.1. Resilience Analysis


Environmental Resilience


Vegetation cover at the project site increased significantly. The average enhanced vegetation index (EVI) value of the plantation area increased from 0.07 in 2006 to 0.12 in 2016. In some sites with virtually no previous vegetation (EVI = 0.0), the EVI reached approximately 70% of the EVI of the adjacent natural green areas. The EVI of the desert areas surrounding the plantation was stagnant at 0.06. Notably, since 2013, a band of vegetation across the north–south direction of the Kubuqi Desert has been observed through satellites [49].



Soil surface stability, which resists wind erosion, improved. According to an investigation conducted in 2017, the amount of moving sand at the project site corresponded to only 1% to 5% of the desert area [49], partially because of the surface irregularities created by the vegetation cover. In addition, afforestation further reduced sand movements in the surroundings, with a 30% to 50% reduction compared with the desert site [49].



Soil physicochemical properties were monitored in 2010. Plantations were found to increase soil carbon and nitrogen concentrations in the overall soil with time. The concentration of plant nutrients, such as K+ and Mg2+, also increased. Furthermore, soils showed physical stabilization by decreasing the proportion of sand and increasing the proportion of clay and silt [50].



Furthermore, the biodiversity at the project site increased. Monitoring results of 2015 reported that more than 35 wildlife species, including plants, insects, lizards, birds, and small mammals, returned to the site. Among these, 20 species included naturally regenerated plants that grew along with manually planted trees [49]. This indicated that an ecosystem can be restored through afforestation by providing suitable habitat for various organisms.



Finally, afforestation showed to contribute to global warming mitigation because trees absorb atmospheric carbon dioxide, a major GHG, and convert it into biomass. Trees planted in the early years of the project grew to a height of 10 m or more [51], and their contribution to GHG reductions could be calculated quantitatively.




Socio-Economic Resilience


Vegetation cover and soil stabilization caused by afforestation improved the regional air quality by reducing the amount of moving sand and dust [49]. A questionnaire survey study targeting 224 local residents and government officials of Ordos City was conducted in 2015 to ascertain the socio-economic performance of the afforestation project [52]. Respondents rated the statements of the questionnaire on a five-point Likert scale (1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, and 5 = strongly agree). On asking whether the afforestation project had a positive impact on the local environment, respondents gave positive answers (4.03 ± 0.86, mean ± standard deviation). The overall impact of the project on the local community and economy was also found to be productive (3.92 ± 0.87).



Moreover, most respondents benefited from the project, with 54% of the total respondents agreeing that the project improved the local environment. Additionally, 21% of the respondents highlighted that they acquired afforestation skills, and 16% mentioned the availability of employment opportunities. The annual increase in seedling survival rates is an evidence of skill transfer and manpower training. The survival rate of Salix increased from 49% in 2010 to 91% in 2015, and that of Populus increased from 61% in 2010 to 91% in 2015 [52]. Presently, residents have started trusting the newly acquired skills. According to a survey conducted by the Future Forest, 82% of the residents responded that local governments and residents can continue to manage the project site even after the termination of foreign assistance [49].



Moreover, afforestation generated alternative sources of economic incentives for rural villagers. The rural community gradually declined as industrialization and desertification caused a large proportion of the rural population residing near the Kubuqi Desert to migrate to Ordos City. However, the afforestation project created employment opportunities in rural areas, with people earning higher income in the desert regions than in cities in some cases, which in turn facilitated the return of people to the rural areas. Some people resided in cities for the education of their children while working for afforestation projects in the desert villages [49].






3.2. Mongolia


Climate change and other anthropogenic activities have caused unpredictable and harsh winters and droughts in Mongolia [53,54]. Presently, approximately 90% of the area in Mongolia is threatened by desertification [55]. The livelihood of herders has drastically declined due to extreme weather events that have increased the mortality of their livestock and caused land degradation. Approximately 40% of Mongolians live in rural areas and rely on livestock farming [55,56]. Due to these deteriorating environmental and economic conditions, however, many have been forced into living in urban slums, as they cannot sustain themselves and their families financially [56].



In the early 2000s, GAN and the Korean government collaborated on an afforestation initiative in Mongolia to reduce desertification and yellow dust while fostering regional communities. Under this initiative, a promotional approach, the sustainable regional development model (SRDM), was developed. The SRDM, which addresses region-specific social, economic, and environmental crises in a holistic sense, is considered to be a part of the NBS concept. Particularly, this project emphasizes the recovery and resilience of the local community, with a goal to transfer the afforestation projects to the residents. In 2019, 69,920 trees were planted in nine afforestation sites, with a total of 770,000 trees planted in 680 ha since the beginning of the project in 2000 [57].



3.2.1. Resilience Analysis


Environmental Resilience


Afforested trees form green ecosystems. Herbaceous plants were grown in barren fields along with trees. The survival rate of the seedlings was close to 80%, and the average grass production in the project site reached 3.2 tons per ha [58].



Afforestation improved soil fertility at greening sites. GAN reported a significant increase in root nodules, which is a hypertrophic growth of roots formed by the interactions between soil microbes and plants [59]. This indicated an increase in soil microbes and microbial activity. Because soil microbes are closely related to soil organic matter content and soil fertility [60], we can conclude that soil fertility was enhanced by the afforestation project; additionally, the water retention capacity of the soil was enhanced after afforestation. Furthermore, because the roots of vegetation modify soil structures and hold water efficiently, the average water content of the soil increased, while both evaporation and runoff rates decreased [56].



Finally, afforestation contributed to the soil surface stability. Moving dust was reported to reduce at all the project sites. For instance, a project site in Bayannuur generally experienced 50 dust storms on average annually. However, after afforestation, the forest belt functioned as a windbreak; consequently, dust winds were not observed in 1200 ha of areas surrounding the project sites [56].




Socio-Economic Resilience


Agroforestry, an integrated form of agriculture that combines forests and farmlands, has been suggested as an alternative income source to livestock farmers. This is because the present practice of animal husbandry is the strongest anthropogenic factor that degrades pasturelands in Mongolia [55]. Under the project, farmlands were formed either in vinyl greenhouses or in plantation sites to cultivate vegetables, including potatoes, carrots, and onions. Trees planted on the boundaries of the cultivation sites acted as windbreaks and protected crops from sandstorms and desiccation. In 2018, the project yielded 12 types of vegetables weighing approximately 3000 kg, followed by approximately 6300 kg of harvest the following year [57,61]. The harvests were sold in local markets to generate profits.



Under the afforestation project, fruit trees such as sea buckthorn (Hippophae spp.), commonly referred to as vitamin tree, and black currant (Ribes spp.) were planted. Generally, the fruits from these trees are sold for USD 3 and 5 per kg, respectively [58]. The yield of the trees gradually increased every year, with the production of sea buckthorn fruit reaching 3700 kg in 2019 [57]. Since October 2019, a fruit processing plant that can produce juice, oil, powder, and other products with an added value from fresh harvests of these fruits has been under construction [62].



Locals, low-income individuals, and eco-refugees displaced by shifting weather conditions and desertification were recruited under the projects. Payment for labor, including seedling production and planting, became the primary source of income for these individuals. As of 2019, the projects were established in nine locations, and 180 locals were employed for various project activities [61]. In addition to their daily wages, local people grew seedlings themselves and sold them to GANs for USD 3 per tree [58].



Our analysis of the reports and published data indicated that the afforestation capacity of individuals and communities has improved. An education center was built to provide forestry-related education and training for residents and public officials. The center recently received a license from the Mongolian government as a professional educational institution that can issue a completion certificate. Knowledge and skills on afforestation-related topics such as orcharding, agriculture, planting, and overall project operations are shared with local trainees in these centers. To date, more than 2800 residents have been trained [56]. Additionally, education also increases the awareness of the citizens towards global climate crisis. Accordingly, various events, including environmental summer schools and environment bazaars, were held to promote awareness and encourage locals to participate in activities related to forest conservation [63].






3.3. Kazakhstan


The Aral Sea is located in the Central Asia region and stretches across the borders of southern Kazakhstan and northern Uzbekistan. It was once the world’s fourth-largest inland lake, with maximum depth reaching 67 m and covering an area of approximately 68,000 km2 until the 1960s [64]. However, the Aral Sea level dropped starting from the 1960s, divided into two parts since the 1980s, and according to the observations in 2020, only 15% of the Aral Sea area remains [64,65]. The rapid desiccation of the Aral Sea was due to large-scale cultivation in the 1960s that accelerated the withdrawal of irrigation water from the primary water sources of the Aral Sea. Consequently, the salt concentration of the lake increased by more than ten times, and the diversity and populations of species in the Aral Sea declined sharply [66]. Subsequently, fishery was officially stopped in the 1980s. The exposed substrate of the Aral Sea that had high salt concentration was unsuitable for vegetation growth. Additionally, the soil was not held together strongly due to the lack of plant roots; consequently, unstable sand and dust scattered to nearby ecosystems and exerted salt stress [67].



The afforestation project aided by the Korean government began with soil preparation work in spring 2018, followed by three sequential saxaul afforestation activities in autumn 2018, spring 2019, and autumn 2019. Saxaul (Haloxylon aphyllum) was selected as the planting species because it is indigenous to the dry Central Asia climate and is resistant to salt stress [68,69]. A total of 3,759,400 saxaul trees were planted in 10,800 ha on the eastern Aral seabed in the Kyzylorda region [66].



3.3.1. Resilience Analysis


Environmental Resilience


Changes in soil characteristics following afforestation were examined as part of the ODA. An et al. compared the soil characteristics of four adjacent sites within the northern Aral seabed [70]. The four sites included an exposed area devoid of plants, two plantation areas (afforested in 2002 and 2013), and a naturally vegetated area. The 2002 plantation area and naturally vegetated area differed significantly compared with the other sites and showed higher water content and total nitrogen, organic carbon, K+, and Mg2+ concentrations. However, the water content, total nitrogen, organic carbon concentrations, etc., did not show any statistical difference between the two sites, indicating the similar soil amelioration effect between afforested and naturally vegetated areas [70].



According to Khamzina et al., plant species were evaluated in the northern dried Aral seabed from the sites afforested during 1991–2017 [71]. Black saxaul (Haloxylon aphyllum), sarsazan (Halocnemum strobilaceum), lebeda (Atriplex fominii Iljin.), and common wormwood (Artemisia diffusa H. Krasch) were found in the afforestation sites [71]. Stand density and species richness were the highest in the 1991 plantation site among all the evaluated sites. Tree species that were not planted during the afforestation program were assumed to have originated from naturally introduced seeds before and after afforestation [71]. Thus, afforestation promoted diverse vegetation. Additionally, as grasslands and forests serve as suitable habitats for various species of animals, the enhancement of terrestrial biodiversity can be expected.



Chang et al. investigated the biomass accumulation and carbon stocks of afforested vegetation in the northern Aral seabed [72]. The carbon stock of saxaul trees was 9.70 C g m−2 in the total biomass [72], indicating that carbon sequestration through afforestation reduces carbon dioxide, a major GHG that initiates climate change.




Socio-Economic Resilience


Vegetation acts as a windbreak, and plant roots stabilize the soil surface by physically trapping the substrates. Furthermore, the soil is stabilized by an increase in soil organic matter that contributes to soil aggregate formation, a relatively steady soil bundle structure [73,74,75]. Afforestation can also decrease a considerable amount of windblown dust [76]. Consequently, similar to the case in China, afforestation reduced diseases related to poor air quality among residents [49].



Saxaul is also suitable for firewood and can be processed into other useful products. Forest products generated through afforestation can support residents by providing necessary resources and livelihood opportunities. Moreover, promoting cotton and agricultural productivity secured by improving soil characteristics can benefit residents with resource provision [66].



Afforestation occurs in several stages: seed collection and processing, seeding, seedling cultivation and excavation, and planting in the selected areas. Residents living in the surrounding areas provide the necessary labor force. Fishers and farmers who have lost their livelihood can participate in the afforestation projects. As the required financial assistance to run the programs is provided by the aid from ODA donor countries, local communities can generate income through the afforestation project.



In addition, afforestation can support herding. Trees control the microclimate and improve soil properties suitable for the rapid introduction of plant species [69,77], thus supporting floral and faunal diversity. Because herbaceous plants are a food source for livestock, afforestation can assist in sustaining livestock, thereby providing alternate means of livelihood for the residents.



In 2019, the KFS invited ten forest officials from Kazakhstan to visit Korea and share Korea’s greening experience, explore related organizations, and discuss future afforestation projects. Nurturing experts, who can work locally, are essential to ensure the continuity of the project; therefore, extending the project in terms of training and education is desirable [66].







4. Steps from NBS Actions for Resilience Building and Assessment of SDGs


As shown in Table 2, each Korean reforestation and afforestation project underwent a resilience assessment of the environmental and socio-economic aspects to demonstrate its impacts on enhancing ecological and social sustainability, which differ depending on the aims and scope of the projects. The resilience indicators were then matched to the corresponding SDGs.



Figure 4 illustrates the NBS elements, resilience indicators, and SDGs shared by the four projects. Creating forests was the major NBS activity that was common among the projects. Newly established vegetation improved soil quality and stability and increased local biodiversity. These changes promote the resilience of the ecosystem by enhancing plant productivity and developing complex relationships among biotic and abiotic factors, thus reducing the risks caused by natural disasters and anthropogenic activities [28,78,79]. Ecosystem sustainability achieved through afforestation is associated with SDG 15, which addresses the conservation of terrestrial ecosystems and biodiversity. In addition, carbon sequestration by the newly established vegetation assisted each project in achieving SDG 13 on climate action through GHG reduction.



All cases indicated socio-economic sustainability by promoting income increase and job opportunities. Residents were employed to provide labor for seed collection and processing, seeding, seedling cultivation and excavation, planting, or agroforestry. The sustainability of local society is associated with SDGs 1, 2, and 8, which are aimed to overcome poverty and hunger and achieve economic growth. A decrease in dust storms, which has been observed in ODA projects, benefits both the ecosystem and society because it reduces soil loss and improves air quality, in turn contributing to SDGs 15, 3, and 11, which address ecosystem, human health and well-being, and sustainable communities, respectively.



The differences between the projects are also evident. Compared with the other afforestation cases, the Korean reforestation project is the largest national project that has been conducted for the longest duration. In this project, economic benefits were derived by including diverse plant species, such as fruit trees, rapidly growing trees, and fuelwood trees. The project achieved SDG 9 and SDG 12 because it established industrial systems and infrastructures that connected the production, distribution, and consumption chains of various forest resources. Fuelwood generation further contributed to accomplishing SDG 7 and SDG 12 by reducing the dependence on fossil-derived energies. The increased water yield in the forest soils pertains to SDG 6. This differed from Mongolia’s afforestation projects because the latter empowered residents through regular training and promoted economic self-reliance of the local community by establishing afforestation-related corporates and funds. With the added capacity, community members would be able to respond to various potential crises in the future and significantly contribute to the development of society [12,13]. Such reinforcement of the local community emphasizes SDGs 1, 2, 8, and 11. Additionally, the construction of the fruit processing factory, which is an infrastructure for industrial development, can contribute to achieving SDGs 9 and 12. A distinct aspect of Kazakhstan’s afforestation project is the improvement of soil quality. Afforestation and related academic research conducted in highly saline soils have yielded valuable results regarding the need for planting to urgently overcome the saline stresses [70,71,72]. Furthermore, networking between various stakeholders and decision makers in Kazakhstan and Korea can promote long-term community sustainability, which corresponds to SDG 17.




5. Evaluation of Korea’s Greening Projects Using the Global Standard for NBS


Because a sustainable system can be built through NBS activities, incorporating the concept of NBS into existing and future development and restoration projects is recommended. However, designing a project using the concept of NBS will be a serious concern for decision makers, because of its comprehensive characteristics. Overall, future implementers of NBS can consider a standardized approach and a credible self-assessment method, such as the IUCN global standard for nature-based solutions (Table 3). The standard was launched in July 2020 and consists of eight criteria and 28 indicators [80].



The Korean greening projects (including domestic reforestation and overseas afforestation projects) were evaluated according to the IUCN global standard criteria on a trial basis, starting with the assessment of whether an NBS project was selected to address societal challenges. Korea’s greening projects achieved Criterion 1 because they aimed to reduce yellow dust, relieve environmental refugees, and generate local income [22,49,56,66]. Activities were conducted at an appropriate scale nationally or regionally (Criterion 2) and improved ecosystem conditions and biodiversity through planting (Criterion 3) [22,49,56,66]. The attempts to build an economic foundation through agroforestry, planting fruit trees, and encouraging active decision making by community members are particularly prominent in ODA projects (Criteria 4 and 5) [49,56]. Criterion 6 focuses on maximizing the provision of multiple benefits from NBS actions and reasonably managing trade-off effects. The enhanced environmental and socio-economic resilience result from the Korean projects can be understood as benefits from various aspects of the NBS (Criterion 6), which is also shown in other NBS cases [81,82]. Project management from several years to several decades has been updated regularly through timely monitoring and evaluation (Criterion 7). Finally, Criterion 8 evaluates the possibility of introducing NBS actions into policies and contributing to the global 2030 agenda. Korea’s afforestation projects partially adhere to Criterion 8 because they contribute to various sections of the SDGs. The achievement of the resilience indicators under each criterion should be analyzed more closely to examine whether there was rigid conformity between the projects and the standards. Nevertheless, the overall context of the Korean projects appears to be consistent with the NBS actions as defined by the standard global framework.




6. Conclusions


This study reviewed four either completed or ongoing NBS-related projects: one reforestation project conducted in the Republic of Korea and three afforestation projects conducted in arid regions of Asia. These projects aimed to tackle global environmental issues, especially land degradation and desertification. Although all projects practice NBS by managing ecosystems to mitigate environmental and socio-economic crises, each project has a distinct focus. The Korean reforestation projects aimed to restore the devastated national territory and revitalize the economy. China’s afforestation project aimed to build a green wall across the desert to mitigate the yellow dust affecting the environmental and social conditions in Northeast Asia. Furthermore, Mongolia’s afforestation projects aimed to prevent desertification and secure community stability, while Kazakhstan’s afforestation project aimed to desalt and ameliorate the exposed substrate of the dried Aral Sea.



The following conclusions are drawn by comparing the differences and similarities of these projects. First, NBS activities carefully designed to include various natural and social elements can promote the resilience of ecosystems and social systems, which in turn can be linked to multiple SDGs. The Korean reforestation project was associated with 11 SDGs, while eight SDGs were addressed through afforestation projects in China, Mongolia, and Kazakhstan. SDGs can be achieved in a broader sense with more data that can support other domains of SDGs, such as social inequalities (SDG 10). Therefore, designing a comprehensive NBS project that influences various environmental, social, and economic fields can incorporate a broader spectrum of SDGs.



Second, to fulfill the first implication, analyzing the natural and socio-economic systems of the project sites and identifying the resilience indicators that determine which factors affect their sustainability are desirable while designing an NBS project. In addition, based on the specific purpose of the project and the conditions of the target areas, region-specific strategies under the concept of NBS should be established and applied. For example, Mongolia applied a specific methodology by creating the SRDM.



Third, future implementers of NBS can consider a standardized approach and a credible self-assessment method, such as the IUCN Global Standard for NBS-related projects. Moreover, for the efficient application and expansion of the NBS concept, incorporating NBS into other sustainable development agendas and policy fields is important. For example, carbon dioxide reduction accomplished by vegetation establishment as an NBS activity can be effectively incorporated into the nationally determined contribution, a plan that submits a report to the UNFCCC on the proportion of GHGs that a country which has signed the Paris Agreement will voluntarily reduce, considering its responsibility and capacity for carbon dioxide emissions.



Finally, because NBS projects vary in scale, period, and location, their outcomes may also vary. Therefore, if common standards for evaluating the performance and common system for licenses issued for NBS projects are established, this will promote the revitalization of the NBS initiatives. In addition, to access the results of the NBS projects related to resilience building, scientific measurements must be incorporated into the evaluations. For instance, survey statistics answered by the residents are important indicators for education and awareness sharing toward the NBS projects, while experimental analysis for soil conditions and investigations for biodiversity are indicators for the sustainability of the ecosystem. As shown in some cases introduced in this study, there may be more positive impacts on resilience building. However, evaluations are fragmented and limited to qualitative assessments because sufficient data were unavailable for quantitative analysis. Since qualitative and verbal data are not sufficiently reliable to be used for the evaluations, acquiring scientific and quantitative evidence to examine the process of the project and draw clear results is important.



The overall implications of Korea’s NBS experiences repeatedly emphasize the importance of harmonizing nature conservation and human progress. Experts and policymakers should continue to explore ways to implement NBS more efficiently. Korea’s experiences and contributions to NBS actions are expected to provide other countries with reference guidelines by minimizing trial and error in the NBS implementation process, thereby fulfilling its potential to address social and environmental challenges.
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Figure 1. Increase in the animal populations in the mountainous and hilly areas of Korea from 1969 to 2019 [30,31,32]. 
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Figure 2. Changes in the forest resource production from 1974 to 2019 in Korea [41]. 
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Figure 3. Changes in the public value of the public services of the Korean forests from 1987 to 2018 [42,43,44]. 
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Figure 4. Common elements of the NBS, resilience factors, and SDG outcomes from the reforestation and afforestation projects conducted by Korea. 
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Table 1. Overview of Korea’s reforestation projects [22,27].
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	Forest Plans
	Period
	Reforestation Area

(Ha)
	Number of Trees Planted (Thousand)





	First 10-Year Forest

Rehabilitation Plan
	1973–1978
	1,079,773
	2,960,000



	Second 10-Year Forest

Rehabilitation Plan
	1979–1987
	1,060,000
	1,915,000



	Forest Resource Plan
	1988–1997
	323,960
	837,000



	Fourth Forest Basic Plan
	1998–2007
	208,997
	518,000
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Table 2. Summary of resilience and SDG achievements through the NBS-related projects.
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NBS

Projects

	
Korea National

Reforestation Project

	
Korea–China

Afforestation Project

	
Korea–Mongolia

Afforestation Project

	
Korea–Kazakhstan

Afforestation Project






	
NBS elements

	
Forest, land, SFM

	
Forest, land, desert, grassland, SFM

	
Forest, land, desert, grassland, SFM, SRDM

	
Forest, land, desert, SFM




	
Resilience

factors

	
Growing stock accumulation; Energy security; Forest’s

public value; A circular economy of forest resources

	
-

	
Community-level corporate and funds

	
Networking between decision makers




	
-

	
Sand and dust storm mitigation




	
Education and training




	
Vegetation cover increase




	
Securing biodiversity




	
Soil quality improvement




	
Income generation




	
Carbon sequestration




	
SDGs

	
SDG 1 (No Poverty)




	
SDG 2 (Zero Hunger)




	
SDG 3 (Good Health and Well-being)




	
SDG 6 (Clean Water and

Sanitation)

	
-

	
-

	
-




	
SDG 7 (Affordable and Clean Energy)

	
-

	
-

	
-




	
SDG 8 (Decent Work and Economic Growth)




	
SDG 9 (Industry, Innovation, and Infrastructure)

	
-

	
SDG 9 (Industry, Innovation, and Infrastructure)

	
-




	
SDG 11 (Sustainable Cities and Communities)




	
SDG 12 (Responsible

Production and Consumption)

	
-

	
SDG 12 (Responsible Production and Consumption)

	
-




	
SDG 13 (Climate Action)




	
SDG 15 (Life on Land)




	

	
-

	
SDG 17 (Partnerships for the Goals)








SFM: sustainable forest management, SRDM: sustainable regional development model.
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Table 3. Criteria and brief guidelines of the IUCN Global Standard for NBS. Modified from IUCN [80].
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	Criteria
	Summary of the Guidelines





	Criterion 1: NBS effectively addresses social challenges.
	NBS is designed as a response to the societal challenge identified as a priority.



	Criterion 2: The design of NBS is informed by scale.
	NBS is designed to respond to the scale of the issue. Scale refers to geographic, economic, ecological, and societal

aspects of the landscape.



	Criterion 3: NBS results in a net gain to biodiversity and ecosystem integrity.
	NBS is designed to enhance the sustainability of the

ecosystem.



	Criterion 4: NBS is economically viable.
	NBS considers the return on investment, efficiency of the NBS intervention, and equity in the distribution of benefits and costs.



	Criterion 5: NBS is based on inclusive, transparent, and empowering governance processes.
	NBS is socially equitable; they acknowledge and involve various stakeholders.



	Criterion 6: NBS equitably balances trade-offs between the achievement of their primary goal(s) and the

continued provision of multiple benefits.
	NBS balances choices that need to be made to achieve short and long-term gains and ensures transparent, equitable, and inclusive processes to determine such trade.



	Criterion 7: NBS has managed adaptively, based on

evidence.
	NBS adapts and evolves according to continuous learning about system-wide processes to minimize risks and

effectively harness ecosystem resilience.



	Criterion 8: NBS is sustainable and mainstreamed within an appropriate jurisdictional context.
	NBS embed the concept and actions into policy or

regulatory frameworks as well as linking to national targets or international commitments.
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