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Abstract

:

Country-level resource and environmental carrying capacity (RECC) assessments can reveal which countries are off-track on ongoing adaptive management towards the sustainability goals. However, fewer effective methods exist to conduct a comprehensive assessment of RECC at the country-level. We implemented the Analytic Hierarchy Process (AHP) to comprehensively evaluate the spatial and temporal evolution of RECC from 1990 to 2020, based on the construction of evaluation indicators of regional characteristics derived from remote sensing (RS) and statistical data for 11 Southeast Asian countries. The results show that: (1) In terms of per capita level, most countries in Southeast Asia show a trend of increasing and then decreasing RECC, with lower RECC levels in the east and north, such as Myanmar and Vietnam, and higher levels in the west and south, such as Indonesia and Brunei. (2) In terms of absolute total, most countries in Southeast Asia show a slow increase in RECC, except for Thailand, which slightly decreases, with lower RECC in northern and central counties, such as Laos and Singapore, and higher in other regions, such as Indonesia and the Philippines. Therefore, we recommend that policymakers pay more attention to the control of population size and adhere to a green economic growth model to alleviate the declining trend of recent RECC. This study proposed a comprehensive evaluation method of RECC that address the challenge of assessing different countries with resource and ecological imbalance, which provides potential GIS solutions for in-depth RECC assessment of other countries in the world. Meanwhile, this paper provides insights for Southeast Asian countries to achieve better sustainable development from the perspective of RECC.
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1. Introduction


According to the World Health Organization (2018), Southeast Asia is at risk of extremely high levels of environmental pollution [1]. Many developing countries in the middle or early stages of economic growth, such as Association of Southeast Asian Nations (ASEAN), have achieved rapid economic growth at the cost of environmental degradation, thus facing critical challenges related to the environment [2,3]. These issues have become essential constraints to the progress and development of human society [4]. With this regard, the concept of sustainable development has been proposed to harmonize human-land relations and explore a new economic growth pathway [1]. Sustainable development has long been an indispensable and crucial part of national and international strategies [5]. Despite the growing body of research on SDGs, few state governments have completed their sustainability progress assessments [6]. These official government-led reviews tend to be narrative and not proof-based [7]. There is an urgent need to develop comprehensive assessment methods of national sustainability progress based on SDGs and indicators. Resource environmental carrying capacity (RECC) provides a solution to address such needs.



RECC is a multifactorial, integrated concept that has evolved from single-factor carrying capacity studies. It has emerged as an influential criterion for judging regional sustainable development [8,9]. RECC covers the carrying capacity of a single environmental factor and considers the reuse of regional resources and changes in the ecological environment [10]. A country-level RECC assessment can identify the goals and targets a country is currently off-track on, help prioritize goals and resource allocation, and guide ongoing adaptive management. Hence, a comprehensive evaluation of RECC is essential for coordinating resources, environmental and economic development, and promoting sustainable development of countries and regions [11].



The use of carrying capacity originated in the engineering domain and was earlier applied to ecology, demography, etc. Today, it has infiltrated many disciplines, such as geography and resource sciences [10,12]. Since 1798, when Malthus emphasized the limiting influence of food on population in his An Essay on the Principle of Population, researchers have gradually linked carrying capacity to population and economy [13]. While not being an internationally recognized connotation, resource and environmental carrying capacity is generally accepted as the scale of population and economy that can be carried by the resource endowment and the environmental capacity within a specific geographical space [8].



Resource and environmental carrying capacity covers many aspects, such as resource carrying capacity, environmental carrying capacity, social carrying capacity, etc. RECC emphasizes studying the problem from an integrated perspective in the context of earth sciences. Research on RECC can be divided into two types depending on the research objectives and focus. That is, the single dimensional carrying capacity based on a certain element and the comprehensive carrying capacity of multiple elements with systemic significance. The former, mainly from a single dimension, was studied. Many scholars have assessed the RECC [9] from ecology [14,15,16,17,18], tourism [19,20], resources [21,22,23,24,25,26,27], minerals [28], human [29,30,31], and aquaculture [32], thus constructing a variety of typical evaluation methods and evaluation index systems, which have played a positive role in the formulation of national strategies and the development and planning of practical projects. For instance, Cisneros et al. (2016) assessed the Beach Carrying Capacity (BCC) and actual beach use levels in the coastal city of Monte Hermoso, Argentina, using real-time data including field information and video processing [33]. Cupul-Magana (2017) assessed the tourism carrying capacity of the Islas Marietas National Park by examining two activities: scuba diving and snorkeling [20]. With the continuous development of RECC, it is gradually found that a single carrying capacity dimension can no longer meet the needs of complex social evaluation [34]. It is necessary to evaluate various factors collectively and comprehensively to better simulate and estimate development patterns [35]. Therefore, the second type of RECC, which integrates various factors from multiple dimensions, has become a research spotlight among researchers [36].



Regarding the research topic, each RECC study has its characteristics and focus. Zhang et al. (2019) developed a RECC evaluation index system for 36 major cities covering five aspects: resource, environment, society, economy, and ecotope, in a coupled pressure-support state [37]. Wei et al. (2019) constructed an indicator system from nine aspects, including water resources, land resources, and disaster risks, and then derived the RECC of Fengxian County by comprehensive weighting [38]. Wang et al. (2022) used the Driving-Pressure-State-Impact-Response-Management (DPSIRM) framework to comprehensively assess the ecological carrying capacity (ECC) of the East Liaoning River Basin in China by selecting 22 evaluation indicators from social, economic, and environmental aspects [39]. Tehrani and Makhdoum (2013) developed the Urban Carrying Capacity Load Number (UCCLN) model to monitor the environmental load on the urban ecosystem of Tehran, the capital of Iran, through 30 indicators related to the state of nature, population, energy, water, etc. [40]. Irankhahi et al. (2017) assessed the urban environmental carrying capacity of Shemi-ran city in Iran in terms of both ecological and socio-economic carrying capacity based on a GIS-based model combining the TOPSIS and fuzzy model [41]. All of these case studies have considered multiple factors to comprehensively evaluate carrying capacity, which has laid a solid foundation for the development of RECC.



From the methodological point of view, RECC evaluation can be performed with several types of methods, including the System dynamics (SD) method [24,42], TOPSIS method [4,43,44], Ecological footprint method [45,46], Energy analysis method [25], Comprehensive evaluation method [37,47,48], Geographic information system (GIS) method [49,50], etc. Each method has its own pros and cons, and none of them can be applied to all kinds of situations. Therefore, it takes case-specific examinations to decide which method should be used. Table 1 outlines the advantages and disadvantages of major research methods for RECC evaluation.



In terms of the level of research scale, most current studies related to RECC are based on regional [16,19,21,24,28,33,43], provincial [15,23,47,52,53], municipal [12,34,37,54], and county [40,41] levels. Based on our review of environmental carrying capacity studies, regional-level studies have been the most common, followed by state-level studies, and only a few national-level studies have been conducted (Table 2). Wang et al. (2022) assessed the relationship between resource abundance and green economic growth in 40 resource-rich developing countries in Asia, Africa, and Latin America by calculating the Green Economy Growth Index [55]. Shang et al. (2022) adopted the advanced Panel techniques to assess the role of renewable energy consumption and health expenditure in increasing the load capacity factor in ASEAN countries from 1980 to 2018 [26]. Du et al. (2022) assessed the ecosystem pressures in countries along the Belt and Road from 2000 to 2017 based on the supply (NPP provided by ecosystems)–consumption (consumption of NPP by human activities) equilibrium relationship of ecological resources [56]. Kong (2016) suggested that a combination of AHP and integrated evaluation methods could be used to assess the level of sustainable development of a country [57]. However, none of these studies have taken the perspective of RECC, which considers resources, the environment, and humans in an interactive and systematic way.



Nowadays, RECC evaluation can be performed from both single and multiple dimensions. With the more comprehensive knowledge of single-dimensional RECC and the improved evaluation accuracy, the comprehensive evaluation of RECC has become more scientific and effective, and it is time to take advantage of such advancement and put it into use. Therefore, this study aims to evaluate sustainable development by country through a comprehensive assessment of RECC.



The research objectives of this paper include: (1) to construct a comprehensive national-level RECC evaluation system and explore its feasibility; (2) to evaluate the scale and spatio-temporal evolution pattern of RECC in Southeast Asia countries for multiple periods from 1990 to 2020 based on model analysis; and (3) to clarify the future development potential and trends of Southeast Asian countries and make feasible suggestions.




2. Methodology


2.1. Study Area


Southeast Asia borders two oceans and two continents (Figure 1) and has a total area of about 4.57 million square kilometers. The total population of Southeast Asia (11 countries) reached 655 million in 2018, accounting for about one-tenth of the world’s population at the time. The Strait of Malacca is a vital pathway for global shipping traffic. With an overall length of about 900 km, it is an essential route for Europe, the east coast of Africa, West Asia, South Asia, and the countries on the west coast of the Pacific Ocean. In terms of topography, Southeast Asia has a higher elevation in the north and a lower elevation in the south overall. Mountains range from north to south, forming a fan shape. It can be divided into two parts by topography (Figure 1b), the Indo-China Peninsula and the Malay Archipelago. The Indo-China Peninsula can be subdivided into several geographical units enclosed by the mountains running from north to south, and the Malay Archipelago consists of thousands of islands. The traffic shows poor connectivity, which is not conducive to the city’s internal and external transportation links. As a result, the fragmented landscape has also increased the cost of developing infrastructure, such as transportation facilities and communications in Southeast Asia, thus severely limiting economic development. Southeast Asia is still dominated by labor-intensive industries, which are constantly transforming into high-level industrial structures. This region has rich mineral resources, supporting very high oil and tin production. For example, Malaysia is the top-ranking country in producing tin and contributes to about half of the total global production. Neighboring by the sea with a long coastline, Southeast Asia has rich resources such as seafood and gas. Although it is relatively underdeveloped at this moment, it has enormous potential for future development.




2.2. Data Source


This study mainly used open-sourced statistics data and remote sensing interpretation thematic data products. Table 3 has outlined the source, spatial resolution, and the acquisition time of the data in detail.




2.3. RECC Evaluation Method


The main technical flowchart of this study is shown in Figure 2.



2.3.1. Construction of a RECC Evaluation Index System


For the selection of indicators, we considered the contextual characteristics and data availability of the Southeast Asian region from a regional perspective and referred to relevant studies [16,24,48]. Finally, based on the principle of the Analytic Hierarchy Process (AHP), we developed an index system (Table 4), which was divided into the target layer, criterion layer, and indicator layer.



The evaluation index system of RECC proposed in this study consists of 3 subsystems and 24 specific indicators. The indicators were decided per subsystem or criteria type. First, to cover the criteria of natural resource endowment (B1) in terms of land and water resources, we introduced indicators such as per capita arable land area, per capita inland freshwater, and aquaculture production to measure. Second, we considered the ecological and environmental status (B2) of the Southeast Asian region in terms of ecological, atmospheric, and water environment. Accordingly, we selected indicators of mangrove cover, greenhouse gas emissions, and average annual precipitation. Finally, socio-economic conditions (B3) were taken into account by incorporating indicators such as population density, economic density, urbanization rate, and total fertility rate.




2.3.2. Weight Calculation Using AHP


Referring to the RECC studies in China for resource and environmental considerations [52], the relative importance ratio of natural resource endowment (B1), ecological environment (B2), and socio-economic development (B3) was set to 5:3:2 in this study. With this setting, the importance of each indicator was measured and compared using the AHP method under specific conditions of the study area. Finally, each indicator’s weight coefficients were obtained and are displayed in Table 5.




2.3.3. Standardization of Indicators


A series of pre-processing has been conducted for the indicators. First, the indicators were divided into two types: the positive type with large weight values and the negative type with small weight values, and then the data were standardized following the three steps below:




	
Consistency processing (forwarding): evaluation indicators were unified by their type so that the better the scheme under any attribute in the data, the greater the transformed attribute value (i.e., very large);



	
Dimensionless processing: Different indicators and different units were processed to eliminate the influence of dimensionality and facilitate the calculation and analysis of data;



	
Normalization: Different indicators with different value ranges were stretched to fit the value range between 0 and 1. The extreme difference method was used to normalize the data for the four periods of Southeast Asia 1990–2020 as follows.








If x is a very large (positive type) indicator:


    X   i j   =   (   x   i j   −   x   j   m i n   )   (   x   j   m a x   −   x   j   m i n   )    



(1)







If x is a very small (negative type) indicator:


    X   i j   =   (   x   j   m a x   −   x   i j   )   (   x   j   m a x   −   x   j   m i n   )    



(2)







xij and Xij are the values before and after normalization of the metrics, and xjmax and xjmin are the maximum and minimum values for i metrics, respectively.




2.3.4. Comprehensive Evaluation of RECC


After standardization of indicators, the RECC value of Southeast Asia was calculated with the evaluation model shown in Equation (3):


  S =   ∑  i = 1   n      W   i     X   i j      



(3)




where S is the evaluation value of the comprehensive RECC; Wi is the weight value of each indicator; Xij is the standardized value of each indicator data; and n is the total number of indicators. The normalized value of the indicator is between 0 and 1, with a minimum value of 0 and a maximum value of 1. The greater the calculated value of a region’s comprehensive evaluation, the higher its level of RECC and the greater its potential for population or future development.




2.3.5. Correction Based on Population Size


This study differs from previous studies in that RECC is calculated and analyzed in a large region at a national level. In China, city levels are usually determined by population size and land use conditions. Therefore, most previous studies on RECC in China are based on provincial and municipal units which share similar and comparable populations and resources. In contrast, the 11 Southeast Asian countries in this study do not have equal status in terms of population and resources as well as environment due to the vast differences in land area. Moreover, they are more unevenly developed under the general trend of global urbanization [66] and show polarization, so it is only possible to compare the level rank but hard to measure their relative carrying capacity size.



Resources and population are closely related since resource supply is essential for population growth. Therefore, to make the carrying capacity of different countries more comparable and thus measure the relative magnitude of each country’s RECC and its potential value that can be exploited, this paper uses the quantitative relationship between the population of each country and Brunei (which has the smallest population and is treated as the base 1) to make corrections.


  Q =   S   i j   T  



(4)







In the formula, Q is the assessed value of RECC after correction; Sij is the value of RECC before each correction; and T is the multiplicative factor between countries and Brunei’s population. The larger the calculated value of Q for a region, the larger the population it can carry.






3. Results


3.1. RECC Comprehensive Evaluation in Southeast Asia, 1990–2020


3.1.1. Evaluation of Natural Resource Endowment Subsystem


The results of the Southeast Asia Natural Resources Endowment subsystem carrying capacity evaluation 1990–2020 are presented in three main areas. They are presented in terms of spatial distribution, carrying capacity level, and development trend.



Figure 3 shows the spatial distribution of natural resource carrying capacity levels in Southeast Asia. Overall, the natural resource carrying capacity levels are consistent during 1990–2000, with highs in the south and lows in the north; the southwest has higher values than the northeast in general. Malay Archipelago shows higher values than Indo-China Peninsula, which barely changed over time and is consistent with the perception of the evolution of the regional environmental resource endowment. In the Indo-China Peninsula, the natural resource carrying capacity levels in Thailand and Cambodia are significantly higher than those in Myanmar, Laos, and Vietnam. In the Malay Archipelago, Indonesia has the highest natural resource carrying capacity level, while Malaysia, Brunei, Singapore, the Philippines, and East Timor have lower natural resource carrying capacity levels. The trough in the upper limit of the natural resource carrying capacity level appears in 1990 and peaks in 2000, which is the historical highest point of the natural resource level. (The upper and lower limits refer to the maximum and minimum values for different countries in each year (period)).



The values of natural resource carrying capacity levels are shown in Table A1, where East Timor shows the smallest values and Brunei reports the largest values during 1990–2010. In 2020, the smallest natural resource carrying capacity level is still East Timor; while Indonesia shows the largest value, the difference between Indonesia, Cambodia, and Brunei is not significant. In the past 30 years, Brunei, Indonesia, and Cambodia have been in the top three in Southeast Asia many times in terms of natural resource carrying capacity, while East Timor and Vietnam constantly fell into the last three.



The development trend of the natural resource carrying capacity level can be seen in Figure 4. During the period 1990–2020, all countries have shown increased value to some extent compared to 1990, except for the Philippines, East Timor, and Malaysia, where the rate of change is negative. Among them, Philippines reports the greatest and fastest decline of −34.37%. On the contrary, Vietnam shows the most rapid increase by 41.60%. During 1990–2010, except for the Philippines, the rest of the countries showed an increasing trend in the natural resource carrying capacity level. Among the indicators, the per capita construction land, crop production index, and aquaculture production have increased substantially, which has driven the natural resource carrying capacity level to rise continuously, even under the burden of population increase in Southeast Asia.



In the last decade, the natural resource carrying capacity levels of most countries in Southeast Asia have declined to some extent, except for Singapore, Cambodia, and Indonesia; East Timor and Malaysia even show lower levels than they were in 1990. Among the indicators, the per capita arable land area, per capita construction land, and per capita inland fresh water in Southeast Asian countries have generally decreased drastically, which explains the decrease in the natural resource carrying capacity level. During this decade, the increase in population has outweighed the increase in arable land area, built-up area, and agricultural production, resulting in decreasing per capita values of these factors, thus affecting the natural resource carrying capacity level.




3.1.2. Evaluation of Ecological Environment Condition Subsystem


The results of the Southeast Asia Ecological Environment Condition subsystem carrying capacity evaluation 1990–2020 are presented in three main aspects: spatial distribution, carrying capacity level, and development trend.



The spatial distribution of ecological carrying capacity levels in Southeast Asia is shown in Figure 5. Laos has shown a high ecological carrying capacity level in the Indo-China Peninsula of Southeast Asia during 1990–2020. In addition, with the Mekong River basin as the boundary, it shows a distribution pattern of high in the middle and low around. That is, Laos and Cambodia’s ecosystem carrying capacity levels are higher than those of other states in the Indo-China Peninsula. In the Malay Archipelago, the ecological carrying capacity is higher in the northwest than in the northeast, and the ecological conditions are better in Malaysia, Brunei, and Indonesia than in the other countries. The ecological carrying capacity of Brunei is the highest in Southeast Asia. The levels of ecological carrying capacity and the distribution of natural resource carrying capacity in Southeast Asia are relatively similar. In these 30 years in Southeast Asia, the lower limit of ecological carrying capacity level peaked in 2010 and reached its lowest point in 1990. On the other hand, the upper limit peaks in 2020 and drops to the lowest value in 1990. This indicates that Southeast Asia’s overall ecological carrying capacity was worst in 1990 and best in 2020.



The values of ecological carrying capacity levels are summarized in Table A2. The Philippines had the smallest values in 1990–2000, then Singapore became the smallest in 2000–2020. Their differences are insignificant, indicating that their ecological environments’ background conditions are very similar. In foreign cooperation and trade, all countries except East Timor are members of ASEAN, and the countries are developing together for mutual benefit. Brunei, Malaysia, and Indonesia have been in the top three in the ecological carrying capacity level over the past 30 years, while Vietnam and Singapore have been in the bottom three.



The development trend of the ecological carrying capacity level is manifested in Figure 6. During 1990–2020, the ecological carrying capacity level kept increasing in Southeast Asia, except Singapore. Notably, the ecological carrying capacity level increased by more than 90% in Vietnam, Philippines, and East Timor; the change rate in Philippines and Vietnam has reached about 160%.



During 1990–2000, there was a significant increase in the overall ecological carrying capacity level of the Southeast Asian region. The factors affecting ecological carrying capacity are mainly changes in the mangrove cover and per capita coastline length indicators. During 2000–2020, the change in the ecological carrying capacity levels in Southeast Asia is milder than before. Singapore, Laos, and Cambodia experienced a decline at rates of −6.69%, −0.39%, and −3.56%, respectively. The main reasons for the decline are related to greenhouse gas emissions and the decrease in forest cover, while other countries maintained their increasing trend. On the ecological side, economic activities such as reclamation should be weakened, as in Singapore, to reduce the damage to the marine ecosystem. It is necessary to give full play to Southeast Asia’s favorable geographical location, inherent sea transport routes, ports, and other superior conditions, and vigorously develop tourism and other cultural industries.




3.1.3. Evaluation of Socio-Economic Development Subsystem


The results of the Southeast Asia Socio-economic Development subsystem carrying capacity evaluation 1990–2020 are also presented in three main aspects: spatial distribution, carrying capacity level, and development trend.



The spatial distribution of the socio-economic carrying capacity levels in Southeast Asia is displayed in Figure 7. During the period 1990–2020, the socio-economic carrying capacity level on the Indo-China Peninsula in the Southeast Asian region has been at a higher point than countries in the Malay Archipelago. While the socio-economic carrying capacity levels on the Indo-China Peninsula show a distribution of low in the middle and high around, the socio-economic carrying capacity levels in Laos and Thailand are relatively high. The socio-economic carrying capacity level in the Malay Archipelago gradually decreases from north to south. Singapore and Brunei are the only two developed countries in the Southeast Asian region with relatively high socio-economic carrying capacity levels, distributed in the northern part of the Malay Archipelago. The peak of the lower limit of the socio-economic carrying capacity level in Southeast Asia in 30 years appeared in 2000, and the historical lowest point appeared in 2020. The trough of the upper limit emerged in 1990, and the highest historical level of socio-economic carrying capacity occurred in 2020. Both the highest and lowest points appeared in 2020, showing the polarization of socio-economic development in the Southeast Asian region, which is very unbalanced.



The values of the socio-economic carrying capacity levels are summarized in Table A3. Singapore’s leading socio-economic carrying capacity during 1990–2020 is strongly related to its highest GDP per capita. Myanmar and Brunei have similar levels of socio-economic carrying capacity, while the Philippines, Cambodia, and Malaysia have the same size of socio-economic carrying capacity. In 1990, Laos was at the lowest socio-economic carrying capacity level. Between 2000 and 2020, East Timor has seen relatively limited socio-economic development and has been at the lowest socio-economic carrying capacity level of the entire Southeast Asian region. During the 30 years, Singapore and Brunei have been in Southeast Asia’s top three socio-economic carrying capacity levels, while East Timor and Laos have been in the bottom three.



The trend of the socio-economic carrying capacity level in Southeast Asia is shown in Figure 8. During 1990–2020, the socio-economic carrying capacity levels steadily increased in most of Southeast Asia, with only East Timor, Myanmar, and Brunei showing a decreasing trend. Among them, East Timor has the fastest decreasing trend, reaching −22.99%. Indonesia and Laos were two countries with a rapid socio-economic development rate of 44.60% and 52.30%, respectively, with great potential for future development.



During the period 1990–2010, the socio-economic carrying capacity of most countries in Southeast Asia showed an increasing trend, while the socio-economic carrying capacity of East Timor and Brunei showed a decreasing trend at a rate of more than 10%. The main factors contributing to the increase in socio-economic carrying capacity during these 20 years were the growth in GDP per capita, economic density, urbanization rate, and road network density.



From 2010 to 2020, Indonesia and Singapore have maintained a growth trend, while other countries have declined from the previous 20 years due to the ongoing population growth, posing a critical challenge to keep the socio-economic carrying capacity. In addition, the lack of infrastructure significantly hinders Southeast Asia’s economic development. The excessive number of islands in Southeast Asia has far exceeded the demand for use, fragmenting the land parcels into irregular shapes, and seriously affecting various production and living activities. Government departments should strengthen the investment in infrastructures such as transportation and medical care and allocate them reasonably to suit the local conditions. Only well-developed infrastructure can improve the socio-economic, resource, and environmental carrying capacity.




3.1.4. Comprehensive Evaluation of RECC


The comprehensive evaluation of RECC is a weighted sum of the carrying capacity of the three subsystems (natural resource endowment, ecological and environmental conditions, and socio-economic development), and was eventually derived as the comprehensive RECC of Southeast Asia. According to the experimental results, the RECC index between 1990 and 2020 ranges from 0.08 to 2.28. Based on the statistical principle, this paper used the equal spacing method to divide the RECC values of Southeast Asia into four levels, which is shown in Table 6.



The results of the Southeast Asia RECC comprehensive evaluation 1990–2020 are presented in three main aspects: spatial distribution, carrying capacity level, and development trend.



The spatial distribution of the RECC levels in Southeast Asia can be seen in Figure 9. The RECC levels in the eastern and northern parts of the Southeast Asian region are relatively lower in the western and higher in the southern parts during the period 1990–2020. In the Indo-China Peninsula, the level of RECC is higher in the central south and most areas in the Malay Archipelago, and lower only in the Philippines and East Timor. In these 30 years, the peak of the lower limit of the RECC level in Southeast Asia occurred in 2010, with a medium level of carrying capacity, and reached its lowest point in 1990. For the upper limit, the historical highest point happened in 2000, while the lowest occurred in 1990.



The values of the RECC levels are listed in Table A4. From 1990 to 2020, Brunei’s RECC level was at its highest level, while East Timor’s RECC reached its lowest level. Brunei is a developed country. With rich natural resources, a better environment, and a more suitable population size, Brunei’s RECC level is high, ensuring a long-term stable development without resource and environmental constraints. The ecological environment of East Timor is relatively good, but its natural resources are relatively scarce, so tourism and other green economy industries can be the focus for future development. In general, Laos, Myanmar, the Philippines, and East Timor have lower levels of RECC in Southeast Asia.



In 1990, Indonesia, Malaysia, Brunei, and Singapore had higher levels of RECC, while Myanmar, Laos, Vietnam, Thailand, Cambodia, East Timor, and the Philippines had low to medium levels of RECC. In 2000, Myanmar, Laos, Vietnam, the Philippines, and East Timor had low to medium levels of carrying capacity, while the remaining six countries had a high level of carrying capacity or above. In 2010, Vietnam, Myanmar, the Philippines, and East Timor were still at low to medium carrying capacity levels, while the remaining seven countries were at high carrying capacity levels and above. In 2020, Laos, Vietnam, Myanmar, the Philippines, and East Timor were at low to medium carrying capacity levels, while the remaining six Southeast Asian countries were at high carrying capacity levels and above. During the past 30 years, the top three countries in terms of RECC in Southeast Asia are Brunei, Malaysia, and Indonesia, while the bottom three countries are East Timor and Myanmar.



The trend of RECC is shown in Figure 10. During 1990–2020, the RECC levels in Southeast Asia are increasing, with Vietnam and Myanmar showing higher RECC levels. Between 1990 and 2010, the ecological conditions and socio-economic aspects have been sufficiently improved to make the RECC levels increase rapidly for Southeast Asian countries. While in 2010–2020, most countries displayed a decreasing trend in the RECC levels. Based on changes in the three subsystems from 1990 to 2020, regardless of the impact of the 2020 epidemic on global economic development, the most significant cause of the decline in the RECC levels is the contradiction between rapid population growth and the under-exploitation of natural resources.





3.2. The Results of the Carrying Capacity Evaluation after Population Correction


3.2.1. Correction of Natural Resource Carrying Capacity Values


The values of natural resource carrying capacity after the correction of the population relationship are shown in Table 7. The low natural resource carrying capacity of East Timor and Brunei indicates the relative scarcity of their natural resources under the current conditions. On the other hand, Indonesia has the highest natural resource carrying capacity with its vast territory and abundant reserves that can be further explored. The natural resources of the Philippines, Thailand, and Vietnam are also very considerable and can be developed and utilized to a greater extent, the natural resource carrying capacity of the Philippines is about 160 times that of Brunei and East Timor; the natural resource carrying capacity of Indonesia is about 600 times that of East Timor and Brunei; the natural resource carrying capacity of other countries is relatively small. The countries that have been in the top three in terms of natural resource carrying capacity over the 30 years are Indonesia, the Philippines, and Thailand; the countries that have been in the bottom three in terms of natural resource carrying capacity are East Timor, Brunei, and Singapore.




3.2.2. Correction of Ecological Carrying Capacity Values


The ecological carrying capacity based on the correction of the population relationship is shown in Table 8. The ecological carrying capacity of the Philippines, Malaysia, Myanmar, Thailand, and Vietnam have similar favorable values, and Indonesia has the highest ecological carrying capacity. East Timor, Cambodia, Laos, Brunei, and Singapore have relatively worse ecological environments. The ecological carrying capacity of Indonesia is about 400 times that of East Timor and Brunei. Thailand’s ecological carrying capacity is approximately 70 times that of East Timor and Brunei. During the 30 years, the top three countries in Southeast Asia in terms of ecological carrying capacity are Indonesia, the Philippines, and Vietnam; the last three are Brunei, Singapore, and East Timor.




3.2.3. Correction of Socio-Economic Carrying Capacity Values


The socio-economic carrying capacity corrected for demographic relationships is shown in Table 9. Among them, East Timor, Brunei, and Laos have low socio-economic carrying capacity, whereas Myanmar, Vietnam, Thailand, Indonesia, and the Philippines have relatively high socio-economic carrying capacity and a high potential for future development. The socio-economic carrying capacity value of Indonesia is about 300 times higher than that of Brunei and East Timor. The socio-economic carrying capacity value of Indonesia is about 300 times higher than that of Brunei and East Timor. The socio-economic carrying capacity value of Vietnam and Thailand is about 170 times higher than that of East Timor and Brunei. The socio-economic carrying capacity value of the Philippines is more than 140 times higher than that of East Timor and Brunei. During the 30-year period, the top three Southeast Asian countries in socio-economic carrying capacity are Indonesia, Thailand, and Vietnam; the last three are Brunei, East Timor, and Laos.




3.2.4. Correction of Resource and Environmental Carrying Capacity Values


Table 10 summarizes the value of Southeast Asia’s RECC after population-based correction. While the RECC of East Timor, Brunei, and Singapore are low, large values were found in the Philippines, Thailand, Vietnam, Myanmar, and Indonesia, which indicate their great potential for future sustainable development. The country with the largest RECC is Indonesia, and the smallest is Brunei. Indonesia’s RECC is more than 500 times higher than that of East Timor and Brunei; the Philippines, Thailand, and Vietnam are about 150 times higher than that of East Timor and Brunei; the RECC values of Myanmar and Malaysia are about 100-75 times higher than those of East Timor and Brunei. During the 30 years, among the Southeast Asian countries, Indonesia, the Philippines, and Thailand are in the top three in terms of RECC; the last three in terms of RECC are Brunei, East Timor, and Singapore.






4. Discussion


4.1. Comparison of RECC with Other Sustainability Assessment Indexes


Currently, few country-scale-based RECC assessments exist to explore the sustainability of different countries. To guide urban development towards a more sustainable state [67], some relatively simple composite indices have been actively attempted in national sustainability evaluation. However, most of the indicators in these evaluation methods are calculated in the aggregate, with less attention to per capita quantities. This is conflicting in the current context of the significant differences in individual countries’ total socio-economic and regional development levels. Therefore, using only one aggregate indicator to evaluate all regions without demographic corrections is fundamentally flawed [68]. Still, there are no robust and practical methods for quantitative evaluation of sustainable development [5].



Human Sustainable Development Index (HSDI) and the Human Green Development Index (HGDI) are more comprehensive indices that have been used and referred to internationally, but these evaluation indices are still relatively simple. Some scholars have proposed a new National Sustainable Development Index (NSDI) based on the Human Development Index (HDI) (created by the United Nations Development Programme), the Human Sustainable Development Index (HSDI), and the Human Green Development Index (HGDI) for a more comprehensive analysis of national sustainability [61]. The NSDI attempts to consider economic, social, and environmental factors in an integrated manner, but there are still some shortcomings. First, concerning indicators, although the national sustainable development index considers the three elements of resources, environment, and economy, some more representative indicators are inevitably sacrificed to facilitate the collection of indicator data, and the number is not large enough to reflect reality. Secondly, in terms of weight setting, although the more objective entropy weighting method is used, which is indeed a significant improvement over the HDI and other index evaluation methods with equal weights. However, it also does not consider the regional context and has little significance in guiding specific regions.



In the past, excessive emphasis was placed on economic development and short-term benefits, while environmental limitations were largely neglected. With a better understanding of sustainable development, people started to realize that economic indicators alone are insufficient to measure the sustainability index. This is well illustrated by the development of many sustainability assessment methods, such as the evolution from HDI to NSDI. Therefore, further integration of resource and environmental elements to achieve comprehensive and coordinated development of resources, environment, and socio-economy is the future trend, reflecting the continuous evolution and development of the human-land relationship.



Similarly, this study has considered the limitations of resources and the environment on human development, but incorporates a more comprehensive list of significant factors to assess RECC in Southeast Asia. To determine the weight for each indicator, we used expert scoring based on existing research cases and also considered local characteristics. From Figure 11, there is a strong correlation in the ranking relationship between RECC, NSDI, and HDI for all countries in Southeast Asia. The horizontal axis represents the 11 countries, and the vertical axis represents their sustainability ranking. The HDI is relatively simple and only considers economic factors, thus showing a linear change in the end. By contrast, the NSDI tries to integrate resource, environmental, and economic factors, showing complex volatility. From the comparison of NSDI with the pre-correction RECC1 and post-correction RECC2 and HDI scatter plots (Table A7), the fluctuation trend is closer to the RECC. Compared with NSDI, RECC has considered the characteristics of resources and environment more fully, so the reason for the difference with NSDI is also mainly reflected in this aspect. After the population correction, RECC2 has enlarged the quantitative relationship between resources and the environment, which makes the evaluation result change more obvious and closer to the real situation. For example, Brunei has a high per capita economic share, and its resource and environmental carrying capacity level is ranked among the top in Southeast Asia. After the correction of the population relationship, Brunei carries an insufficient total population, so the resource and environment carrying capacity ranking are lower. In this paper, the significance of population correction is also revealed in the assessment of the comparative carrying capacity or potential of the population of different countries, which is consistent with the principal connotation of sustainable development.



In summary, the fluctuations of RECC, HDI, NSDI, and other sustainability assessment indices are generally consistent with each other, except for the focus and difference in resource environment, which also indirectly indicates the direction of focus and feasibility of this study. In a large regional sustainability assessment, there are not only cities, but also vast unused and unexploited resources, and the future survival and development are precisely dependent on the collection and use of these resources. Therefore, based on this principle, it is reasonable and meaningful to shift the focus of RECC’s resource and environmental carrying capacity from economy to resource and environment.




4.2. Analysis of RECC before and after the Correction and Its Focus Countries


In this paper, pre-correction and post-correction carrying capacities were both calculated. Before the correction, we can identify the rise or fall in each country’s RECC level during the 30-year evolution. It is a valuable reference for governments to determine trends in their countries of change and to help policy development. Direct comparisons are less scientific because of the significant differences in resource and environmental conditions and imbalances between different countries. Thus, these inequalities can be mitigated by the population correction, making horizontal comparisons of RECC at different country scales more meaningful.



In Figure 12, Figure 12a,c,e,g are natural resources, ecological environment, socio-economic, and resource and environment carrying capacity before correction. The Figure 12b,d,f,h are the corrected natural resources, ecological environment, socio-economy, and resource and environment carrying capacity.



Taking Brunei as an example, in the pre-correction result (Figure 12a,c,e,g), Brunei reports a high ranking in all aspects of carrying capacity, suggesting that its natural resources, ecological conditions, and level of socio-economic development can meet the needs of national development at a high sustainability level. However, the post-correction result (Figure 12b,d,f,h) shows a lower ranking for Brunei in carrying capacity, indicating a smaller population size it can carry with the same welfare benefits under current resource and environmental conditions. In the case of Indonesia, a large population country, its pre-correction and post-correction natural resource carrying capacity and ecological carrying capacity are ranked higher in 30 years. As for its socio-economic carrying capacity, its ranking is lower before correction and significantly higher after correction. The results indicate that the RECC assessment in this experimental model is more focused on observing a country’s per capita resource and environmental carrying capacity after correction.



During these 30 years, all countries show an increasing trend in natural resource carrying capacity level except for the Philippines, East Timor, and Malaysia. Philippines has the fastest negative change rate of −34.37%, and Vietnam reports the highest positive change rate of 41.60% (Table A5). The ecological carrying capacity of Southeast Asia showed an upward trend, with only Singapore experiencing a relative deterioration in ecological conditions, while Vietnam and the Philippines showed the largest increase, with a rate of change of over 160%. During the 30 years, the socio-economic carrying capacity levels in most Southeast Asian regions showed an increasing trend, with only East Timor, Myanmar, and Brunei showing a decreasing trend. Among them, East Timor has the fastest decline, reaching −22.99%, while Indonesia and Laos have a rapid increase in socio-economic carrying capacity level, reaching 45%. The RECC levels in Southeast Asia have shown an upward trend, with relatively higher increases in Vietnam and Myanmar. After a simple linear projection, the RECC levels of most countries will still maintain an upward trend after 2020. The increasing trend is more evident in Singapore, Myanmar, Brunei, and Vietnam, while the RECC level in the Philippines has a decreasing trend.



After correction (Table A6), most countries maintain the increasing trend for 30 years, except Thailand, which has a decreasing trend with a rate of −11.07%. Based on (Table/Figure/our results …), Thailand’s resources and socio-economic aspects are the obstacle factors for its low RECC, while the small amount per capita is the main reason. From 2010 to 2020, most of the countries have a negative rate of change in RECC, which shows a decline in all aspects of resources, ecology, and economy.



During 1990–2020, for countries with better or worse pre- and post-correction rankings in the Southeast Asia RECC, such as Indonesia, the Philippines, Brunei, Singapore, and East Timor, specific analyses are discussed below.



First, Indonesia has a high level of natural resource carrying capacity, with a revised average carrying capacity of 170 and rich relative reserves, ranking among the highest in Southeast Asia, which can support a larger population and economic scale in the future. However, Indonesia is also extremely unevenly developed across regions within the country. The island of Java is home to 55% of the country’s population and contributes approximately 58.98% of GDP on only 6.6% of Indonesia’s surface area. The central and eastern islands occupy more than 60% of the land but constitutes only 17% of the GDP. In addition to the economic aspect, its capital, Jakarta, has suffered critical urban crises such as traffic congestion, urban pollution, ground subsidence, and flooding, which have taken a dramatic toll on the city’s economy, society, resources, and environment. For these serious resource and environmental problems, Indonesia also actively adopts strategies such as capital relocations to relieve some burden for Java. In the long run, this strategy is still more conducive to sustainable urban development. In addition, the socio-economic carrying capacity has changed by −1.30%, but the ecological carrying capacity has changed by 20.16%, which has been increasing. In the past ten years, Indonesia’s economy has developed rapidly, but the environmental damage has become more serious, making the ecological carrying capacity change from 20.16% growth to −0.81% decline. One of the major causes of environmental disasters in Indonesia is the problem of environmental management [69], i.e., neglecting the development of a balanced environment, which leads to destruction and pollution. Therefore, it is necessary to pay more attention to ecological protection, accelerating the transformation, upgrading industrial structures, and exploring the path of green development.



Secondly, the Philippines, whose pre-correction natural resource carrying capacity level ranks at the bottom, but the post-correction natural resource carrying capacity average is 43, ranking in the top three among Southeast Asian countries. It indicates that, while the total reserves are abundant, the carrying capacity is poor. There are many reasons for the decline in the natural resource carrying capacity in the Philippines, with the population being the main reason. In 2011, the Philippines continued to grow faster than the global average population growth rate of 1.19%, even more than India and China. Over the next 20 years, the Philippines will have the highest relative population growth in Southeast Asia [70]. The Philippines has adopted a family planning policy [71] to control population growth and has tried to bring in foreign investment and expand trade cooperation in response to the severe lack of infrastructure such as electricity. Although the Philippines is not well developed at the moment, it has great potential for future development. It has rich mineral and aquatic resources, as well as a large number of English-speaking labor force, and labor costs are significantly lower than the level of developed countries. In the World Economic Forum’s Global Competitiveness Report 2017–2018, the Philippines ranked the 56th among the most competitive countries and territories in the world [72].



Third, Brunei and Singapore are the only two developed countries in Southeast Asia with a high level of socio-economic development. Brunei takes the lead in all aspects of carrying capacity, and it has a large number of oil resources in the country, which has driven the development domestic social economy from all aspects and ensured its people’s well-being. However, it is worrying that some studies show that Brunei’s oil and gas reserves will be completed within 17 and 30 years [73]. Among Southeast Asian countries, its per capita GDP is only second to Singapore. A small population and a high per capita GDP can lead to a high carrying capacity level. Therefore, combining various resource reserves and other factors, Brunei does not have the advantages of RECC, and its total socio-economic volume can hardly carry a large population. This also applies to Singapore, even though its per capita GDP ranks the top in Southeast Asia. The electronics industry, petrochemical industry, precision engineering industry, and other high-tech industries are Singapore’s main industries. Singapore’s natural resources are relatively scarce and relies heavily on imports, making it a foreign trade-driven economy. Singapore’s ecological carrying capacity has declined over the last decade, at a decreasing rate of −8.46%. The decline is mainly due to land reclamation activities, which have significantly impacted the ecological environment [74]. Mangroves are an essential indicator of ecological status, but most of Singapore’s mangroves had disappeared by the 1990s. Other reef creatures, such as coral reefs, have also died in intense reclamation activities, and other aquatic species have been negatively affected by turbid waters. Notably, its growth trend in RECC has also slowed down, calling for more attention to ecological conservation aspects in future development.



Fourth, East Timor has an ideal ecological and environmental carrying capacity and has been developing in a good direction. While its socio-economic status, natural resources, and RECC are unfavorable, there is great potential for future development. The three main factors limit East Timor’s RECC are: (1) a weak national foundation, imperfect infrastructure, and a high dependence on external assistance in hydrocarbon and other development technologies; (2) a large population and a high birth rate make insufficient food supply even worse; and (3) its social activities of education are far behind from the world [75]. However, East Timor will get better, in the long run, giving its good ecological environment. Truthfully, the good ecological environment of East Timor is its crucial asset. In 2011, the National Development Strategic Plan 2011–2030, adopted by the Parliament of East Timor, clearly indicated the goals for the next 20 years regarding infrastructure development and investment attraction. This is a good signal for the further development of East Timor. However, East Timor should consider environmental protection in its economic development process and strive to develop green economy industries such as tourism to fill the domestic tourism gap and maximize ecological values and benefits. At the same time, attention should be paid to controlling the population size, vigorously developing education, cultivating modern technical personnel, and realizing strategies such as fewer and better births.




4.3. Comprehensive Evaluation Discussion


This study calculated the three subsystems of natural resources, ecology, and socio-economics for a comprehensive RECC assessment. Our evaluation method not only considers RECC in an integrated way as a reference for decision-making but also tracks the carrying capacity of its subsystems and their evolution. In this way, different perspectives were examined integratively and separately. A comparative analysis of the combined findings with other studies leads us to conclude that the present methodology is robust and efficient for supporting relevant decisions and studies.



With the rapid development of GIS and remote sensing technology, imagery at a high spatial and temporal resolution has become increasingly available to the public, providing solutions to data shortage to some extent. These technologies provide excellent technical support and visualization approaches for resource and environment-related evaluation, including urban ecological safety, habitat, and carrying capacity evaluation [50]. The comprehensive intelligent evaluation system integrating remote sensing, GIS, and big data in the future will definitely be a significant trend in the development of the information science field [49]. Some researchers have actively tried to apply RS and GIS technologies to evaluate the carrying capacity in recent years [16,50,76]. The development of remote sensing technology has provided the basis for and facilitated the regional comprehensive and dynamic analysis of geography. It also increases the value and effectiveness of the application of evaluation. Of course, remote sensing also has shortcomings. For example, the obtained after image interpretation and decoding is often a rough estimate, which can be different from the actual situation. Field sampling is needed to improve the accuracy rate. From the information obtained, remote sensing can only obtain intuitive visual messages, but not the social attributes of things.



In this study, the information extraction of mangroves, shoreline, reclamation, and surface undulation is inseparable from remote sensing technology and intelligent interpretation methods. The severe fragmentation of land parcels in Southeast Asia, the large number of islands, the inconvenience of transportation, and the poor socio-economic level in general, are more unfavorable to the acquisition of statistical information and make it difficult to conduct relevant scientific research. There are many other places in the world with similar situations as Southeast Asia, such as South Africa and India. Evaluations related to their sustainability can use this evaluation method, considering regional specificities and integrating remote sensing and statistical data to perform comprehensive assessments. In general, this study has significant feasibility and advantages in global scale sustainability evaluation.




4.4. Limitations and Future Work


This study has developed a RECC evaluation system with regional characteristics by integrating remote sensing data and making population corrections, which can obtain more scientific evaluation results. However, there are some shortcomings.



	
Regarding the indicator system, although the lack of data has been partially solved by using RS data, this evaluation system does not cover every aspect that affects the carrying capacity. In future studies, the interaction between human-land systems and their mechanisms of action will be considered in a more integrated way;



	
In the evaluation process, the inequality of development level and total resources and environment among countries can be solved by population correction, which is helpful to enhance the guiding significance of the results. However, the simple population correction, without the coupled coordination of economic scale, inevitably still has some shortcomings.








5. Conclusions


This paper constructs a comprehensive country-scale RECC-based evaluation system based on the basic principles of hierarchical analysis and implements it in 11 countries in Southeast Asia. The system consisted of 24 indicators, including three subsystems of natural resource endowment, ecological and environmental conditions, and socio-economic development. The selection of indicators takes into full consideration the regional characteristics, and RECC is measured by integrating remote sensing data in the context of data scarcity with population correction. In this regard, the weight of each indicator was calculated by using hierarchical analysis, and a comprehensive evaluation of the resource and environment carrying capacity of Southeast Asia from 1990 to 2020 was conducted by combining GIS technology and analyzing its spatial and temporal changes. The main conclusions can be drawn as follows:




	
A set of comprehensive evaluation index systems of resource and environment carrying capacity with regional characteristics were developed for a national-level evaluation. After comparing with the global evaluation of related sustainable development, it is found that the comprehensive evaluation method of resource and environmental carrying capacity proposed in this paper can provide a reference for sustainable development evaluation at the national level. It provides a good idea and case for solving the assessment in the context of unbalanced resource and environment conditions in different countries, and also provides some possibilities for the next step to carry out the evaluation of resource and environment carrying capacity of countries in different regions of the world in depth combined with GIS. Countries can support and optimize resource and environment-related policies and regulations by assessing the balance and coordination among the three subsystems of RECC. For example, the result can identify which resources are being used at unsustainable rates and help policymakers prioritize resource management efforts;



	
The main findings of the assessment are: (a) In terms of per capita level, most countries in Southeast Asia show a trend of increasing and then decreasing RECC, with lower RECC levels in the east and north, such as Myanmar and Vietnam, and higher levels in the west and south, such as Indonesia and Brunei. (b) In terms of absolute total, most countries in Southeast Asia show a slow increase in RECC, except for Thailand, which slightly decreases, with lower RECC in northern and central counties, such as Laos and Singapore, and higher in other regions, such as Indonesia and the Philippines;



	
Based on the results of the study, we draw the following policy recommendations. The decline in the RECC levels in Southeast Asia over the last decade is strongly related to its relatively rapid population growth, and the government authorities may be able to improve the regulation of population numbers. Countries with good per capita RECC levels but small totals, such as Singapore and Brunei, are less resilient to external adverse environmental changes, so they should always adhere to and improve ecological conservation-related strategies. Countries with poorer per capita RECC but with the larger total population, such as the Philippines and Vietnam, in the development process, should adhere to the green economic growth mode and give full play to the advantages of their marine resources to better realize the sustainable development of the region.
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Table A1. Original calculated values of natural resource carrying capacity in Southeast Asia, 1990–2020.






Table A1. Original calculated values of natural resource carrying capacity in Southeast Asia, 1990–2020.





	Country
	1990 Carrying Capacity
	2000 Carrying Capacity
	2010 Carrying Capacity
	2020 Carrying Capacity
	1990–2020 Rate of Change





	Philippines
	0.210900
	0.220255
	0.163390
	0.138419
	−34.37%



	East Timor
	0.097401
	0.109377
	0.133796
	0.091572
	−5.99%



	Malaysia
	0.230711
	0.241772
	0.243038
	0.218377
	−5.35%



	Brunei
	0.281670
	0.297890
	0.290193
	0.286008
	1.54%



	Thailand
	0.223736
	0.271741
	0.243497
	0.237442
	6.13%



	Singapore
	0.194860
	0.187729
	0.201600
	0.222056
	13.96%



	Cambodia
	0.246790
	0.245578
	0.264280
	0.286009
	15.89%



	Laos
	0.171375
	0.185198
	0.211796
	0.205722
	20.04%



	Indonesia
	0.239010
	0.249667
	0.270408
	0.287749
	20.39%



	Myanmar
	0.151361
	0.181212
	0.220485
	0.203829
	34.66%



	Vietnam
	0.120319
	0.157886
	0.164957
	0.170368
	41.60%
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Table A2. Original calculated values of ecological carrying capacity in Southeast Asia, 1990–2020.






Table A2. Original calculated values of ecological carrying capacity in Southeast Asia, 1990–2020.





	Country
	1990 Carrying Capacity
	2000 Carrying Capacity
	2010 Carrying Capacity
	2020 Carrying Capacity
	1990–2020 Rate of Change





	Singapore
	0.141072
	0.143693
	0.145738
	0.134087
	−4.95%



	Brunei
	0.252844
	0.306752
	0.302910
	0.312875
	23.74%



	Indonesia
	0.157462
	0.207462
	0.213206
	0.210487
	33.68%



	Malaysia
	0.173538
	0.233709
	0.240463
	0.249890
	44.00%



	Laos
	0.131901
	0.192379
	0.191443
	0.191637
	45.29%



	Cambodia
	0.123386
	0.188078
	0.195090
	0.181383
	47.00%



	Myanmar
	0.096901
	0.161092
	0.166546
	0.171364
	76.84%



	Thailand
	0.088882
	0.152249
	0.161628
	0.164797
	85.41%



	East Timor
	0.092211
	0.161849
	0.168418
	0.180647
	95.91%



	Vietnam
	0.063138
	0.138539
	0.151059
	0.164332
	160.27%



	Philippines
	0.072150
	0.147164
	0.169356
	0.192801
	167.22%
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Table A3. Original calculated values of socio-economic carrying capacity in Southeast Asia, 1990–2020.






Table A3. Original calculated values of socio-economic carrying capacity in Southeast Asia, 1990–2020.





	Country
	1990 Carrying Capacity
	2000 Carrying Capacity
	2010 Carrying Capacity
	2020 Carrying Capacity
	1990–2020 Rate of Change





	East Timor
	0.036560
	0.039159
	0.031660
	0.028154
	−22.99%



	Myanmar
	0.060402
	0.060285
	0.058517
	0.050829
	−15.85%



	Brunei
	0.066478
	0.063817
	0.059774
	0.057877
	−12.94%



	Philippines
	0.043090
	0.043037
	0.041991
	0.047744
	10.80%



	Vietnam
	0.046242
	0.054853
	0.057313
	0.053397
	15.47%



	Cambodia
	0.041625
	0.044779
	0.046756
	0.048173
	15.73%



	Singapore
	0.092684
	0.105581
	0.099314
	0.109895
	18.57%



	Thailand
	0.057865
	0.059288
	0.071001
	0.069045
	19.32%



	Malaysia
	0.049804
	0.056094
	0.059208
	0.062011
	24.51%



	Indonesia
	0.035975
	0.039309
	0.040011
	0.052018
	44.60%



	Laos
	0.033176
	0.045593
	0.049701
	0.050526
	52.30%
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Table A4. Original calculated values of RECC in Southeast Asia, 1990–2020.






Table A4. Original calculated values of RECC in Southeast Asia, 1990–2020.





	Country
	1990 Carrying Capacity
	2000 Carrying Capacity
	2010 Carrying Capacity
	2020 Carrying Capacity
	1990–2020 Rate of Change





	Laos
	0.138941
	0.168078
	0.182379
	0.179353
	29.09%



	Brunei
	0.242016
	0.268130
	0.262226
	0.263065
	8.70%



	East Timor
	0.087172
	0.117010
	0.131036
	0.112327
	28.86%



	Singapore
	0.162692
	0.161600
	0.168727
	0.177126
	8.87%



	Cambodia
	0.177092
	0.198403
	0.210882
	0.217991
	23.09%



	Myanmar
	0.120540
	0.157622
	0.179917
	0.171655
	42.40%



	Malaysia
	0.186423
	0.213146
	0.216495
	0.207005
	11.04%



	Indonesia
	0.183528
	0.206243
	0.219198
	0.229123
	24.84%



	Philippines
	0.141318
	0.171191
	0.148410
	0.143829
	1.78%



	Thailand
	0.155719
	0.202324
	0.192171
	0.189756
	21.86%



	Vietnam
	0.090953
	0.137054
	0.145293
	0.152015
	67.14%
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Table A5. Rate of change of resource environment and subsystems before correction.






Table A5. Rate of change of resource environment and subsystems before correction.





	
Country

	
Rate of Change of Natural Resources

	
Rate of Change of Ecological Environment

	
Socio-Economic Change Rate

	
Rate of Change of Resources and Environment




	
1990–2020

	
2010–2020

	
1990–2010

	
1990–2020

	
2010–2020

	
1990–2010

	
1990–2020

	
2010–2020

	
1990–2010

	
1990–2020

	
2010–2020

	
1990–2010






	
East Timor

	
−5.99%

	
−31.56%

	
37.37%

	
95.91%

	
7.26%

	
83%

	
−22.99%

	
−11.08%

	
−13.40%

	
28.86%

	
−14.28%

	
50.32%




	
Philippines

	
−34.37%

	
−15.28%

	
−22.53%

	
167.22%

	
13.84%

	
135%

	
10.80%

	
13.70%

	
−2.55%

	
1.78%

	
−3.09%

	
5.02%




	
Cambodia

	
15.89%

	
8.22%

	
7.09%

	
47.00%

	
−7.03%

	
58%

	
15.73%

	
3.03%

	
12.32%

	
23.09%

	
3.37%

	
19.08%




	
Laos

	
20.04%

	
−2.87%

	
23.59%

	
45.29%

	
0.10%

	
45%

	
52.30%

	
1.66%

	
49.81%

	
29.09%

	
−1.66%

	
31.26%




	
Malaysia

	
−5.35%

	
−10.15%

	
5.34%

	
44.00%

	
3.92%

	
39%

	
24.51%

	
4.73%

	
18.88%

	
11.04%

	
−4.38%

	
16.13%




	
Myanmar

	
34.66%

	
−7.55%

	
45.67%

	
76.84%

	
2.89%

	
72%

	
−15.85%

	
−13.14%

	
−3.12%

	
42.40%

	
−4.59%

	
49.26%




	
Thailand

	
6.13%

	
−2.49%

	
8.83%

	
85.41%

	
1.96%

	
82%

	
19.32%

	
−2.76%

	
22.70%

	
21.86%

	
−1.26%

	
23.41%




	
Brunei

	
1.54%

	
−1.44%

	
3.03%

	
23.74%

	
3.29%

	
20%

	
−12.94%

	
−3.17%

	
−10.08%

	
8.70%

	
0.32%

	
8.35%




	
Singapore

	
13.96%

	
10.15%

	
3.46%

	
−4.95%

	
−7.99%

	
3%

	
18.57%

	
10.65%

	
7.15%

	
8.87%

	
4.98%

	
3.71%




	
Vietnam

	
41.60%

	
3.28%

	
37.10%

	
160.27%

	
8.79%

	
139%

	
15.47%

	
−6.83%

	
23.94%

	
67.14%

	
4.63%

	
59.74%




	
Indonesia

	
20.39%

	
6.41%

	
13.14%

	
33.68%

	
−1.28%

	
35%

	
44.60%

	
30.01%

	
11.22%

	
24.84%

	
4.53%

	
19.44%
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Table A6. Rate of change of resource environment and subsystems after correction.






Table A6. Rate of change of resource environment and subsystems after correction.





	
Country

	
Rate of Change of Natural Resources

	
Rate of Change of Ecological Environment

	
Socio-Economic Change Rate

	
Rate of Change of Resources and Environment




	
1990–2020

	
2010–2020

	
1990–2010

	
1990–2020

	
2010–2020

	
1990–2010

	
1990–2020

	
2010–2020

	
1990–2010

	
1990–2020

	
2010–2020

	
1990–2010






	
East Timor

	
−26.70%

	
35.53%

	
107.02%

	
14.88%

	
80.20%

	
−18.62%

	
−4.76%

	
−14.56%

	
36.17%

	
−8.19%

	
48.31%

	
−26.70%




	
Philippines

	
−12.24%

	
−21.70%

	
179.78%

	
17.94%

	
137.22%

	
16.00%

	
17.79%

	
−1.51%

	
6.56%

	
0.40%

	
6.14%

	
−12.24%




	
Cambodia

	
12.30%

	
13.67%

	
61.93%

	
−3.52%

	
67.84%

	
27.48%

	
6.92%

	
19.23%

	
35.59%

	
7.27%

	
26.40%

	
12.30%




	
Laos

	
0.46%

	
20.73%

	
46.79%

	
3.53%

	
41.79%

	
53.87%

	
5.14%

	
46.35%

	
30.42%

	
1.71%

	
28.23%

	
0.46%




	
Malaysia

	
−8.41%

	
9.72%

	
52.87%

	
5.92%

	
44.32%

	
32.18%

	
6.75%

	
23.82%

	
17.88%

	
−2.54%

	
20.95%

	
−8.41%




	
Myanmar

	
−11.69%

	
18.71%

	
37.66%

	
−1.72%

	
40.06%

	
−34.49%

	
−17.03%

	
−21.05%

	
10.85%

	
−8.87%

	
21.63%

	
−11.69%




	
Thailand

	
−10.02%

	
−13.92%

	
35.32%

	
−5.91%

	
43.82%

	
−12.92%

	
−10.26%

	
−2.96%

	
−11.07%

	
−8.88%

	
−2.40%

	
−10.02%




	
Brunei

	
−1.44%

	
3.03%

	
23.74%

	
3.29%

	
19.80%

	
−12.94%

	
−3.17%

	
−10.08%

	
8.70%

	
0.32%

	
8.35%

	
−1.44%




	
Singapore

	
9.59%

	
14.75%

	
4.88%

	
−8.46%

	
14.58%

	
30.84%

	
10.09%

	
18.84%

	
20.14%

	
4.44%

	
15.02%

	
9.59%




	
Indonesia

	
6.92%

	
0.40%

	
19.19%

	
−0.81%

	
20.16%

	
28.93%

	
30.63%

	
−1.30%

	
11.31%

	
5.02%

	
5.99%

	
6.92%




	
Vietnam

	
1.52%

	
18.09%

	
120.36%

	
6.93%

	
106.07%

	
−2.23%

	
−8.42%

	
6.75%

	
41.51%

	
2.85%

	
37.59%

	
1.52%
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Table A7. Sustainable ranking of RECC with NSDI and HDI in Southeast Asia (11 countries).
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Country

	
NSDI

	
HDI

	
Before Correction

	
After Correction




	
1990RECC1

	
2000RECC1

	
2010RECC1

	
2020RECC1

	
1990RECC2

	
2000RECC2

	
2010RECC2

	
2020RECC2






	
Singapore

	
30

	
7

	
5

	
8

	
8

	
7

	
9

	
9

	
9

	
9




	
Brunei

	
41

	
36

	
1

	
1

	
1

	
1

	
11

	
11

	
11

	
11




	
Laos

	
44

	
117

	
8

	
7

	
6

	
6

	
8

	
8

	
8

	
8




	
Cambodia

	
59

	
126

	
4

	
5

	
4

	
3

	
7

	
7

	
7

	
7




	
Indonesia

	
64

	
98

	
3

	
3

	
2

	
2

	
1

	
1

	
1

	
1




	
Malaysia

	
73

	
56

	
2

	
2

	
3

	
4

	
6

	
6

	
6

	
6




	
Thailand

	
75

	
77

	
6

	
4

	
5

	
5

	
2

	
3

	
3

	
4




	
Vietnam

	
79

	
99

	
10

	
10

	
10

	
9

	
4

	
4

	
4

	
3




	
Philippines

	
80

	
94

	
7

	
6

	
9

	
10

	
3

	
2

	
2

	
2




	
Myanmar

	
82

	
127

	
9

	
9

	
7

	
8

	
5

	
5

	
5

	
5




	
East Timor

	
95

	
111

	
11

	
11

	
11

	
11

	
10

	
10

	
10

	
10
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Figure 1. Location map of the study area. (a) Administrative District Map; (b) Geographical Location Map. 
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Figure 2. Technical flowchart. 
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Figure 3. Distribution of the size of the carrying capacity of natural resource subsystems from 1990 to 2020. 
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Figure 4. Folding line graph of changes in the level of carrying capacity of natural resource subsystems from 1990 to 2020. 






Figure 4. Folding line graph of changes in the level of carrying capacity of natural resource subsystems from 1990 to 2020.



[image: Sustainability 15 05791 g004]







[image: Sustainability 15 05791 g005 550] 





Figure 5. Distribution of the size of the carrying capacity of the ecosystem subsystem from 1990 to 2020. 
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Figure 6. Folding line graph of changes in the level of carrying capacity of ecological environment subsystems from 1990 to 2020. 
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Figure 7. Distribution of the size of the carrying capacity of the socio-economic subsystem from 1990 to 2020. 
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Figure 8. Folding line graph of changes in the level of carrying capacity of socio-economic subsystems from 1990 to 2020. 
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Figure 9. A comprehensive evaluation of RECC of Southeast Asia, 1990–2020. 
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Figure 10. Folding Line Chart of Changes in the RECC Levels in Southeast Asia, 1990–2020. 
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Figure 11. Scatter plot comparison of NSDI, HDI, and RECC for Southeast Asian countries. Note: The horizontal axis represents the 11 countries, and the vertical axis represents their sustainable ranking. 
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Figure 12. Heat map of carrying capacity ranking of different countries over 30 years. (a) is the pre-correction natural resource carrying capacity; (b) is the post-correction natural resource carrying capacity; (c) is the pre-correction ecological environment carrying capacity; subfigure; (d) is the post-correction ecological environment carrying capacity; (e) is the pre-correction socio-economic carrying capacity; (f) is the post-correction socio-economic carrying capacity; (g) is the pre-correction resource environment carrying capacity; (h) is the post-correction resource environment carrying capacity. 
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Table 1. Summary of typical research methods for RECC.
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	Approach
	Research Characteristics
	Limitations
	References





	Comprehensive evaluation method
	A multi-level indicator system was constructed, and RECC was studied by a linear weighting method.

This method is widely used to assess resource carrying capacity because of its simplicity of calculation and implementation.
	Interactions between indicators could not be observed, and it was not probable to determine whether the assessed RECC was overloaded
	[37,47,48]



	Ecological footprint method
	Quantifying the land area, while assessing the carrying capacity in terms of both supply and demand, determines the ecological deficit or surplus of the area

A study of the additivity and comparability of land for biological production in each region can be conducted
	It is not possible to predict future sustainable development trends. The simplification of the functions of various types of land allows the functional diversity of land to be ignored

The spatial exclusion of various types of land and the conversion of resource and waste equivalents into the productive area are too idealistic to be realistic
	[45,46,51]



	System dynamics method
	Determine the target system and each subsystem; model the system, determine the functional relationship between variables, and simulate the system model
	The selection of parameter metrics is difficult, and a large number of parameters are difficult to quantify accurately. The feedback process of the model structure is complex
	[24,42]



	TOPSIS method
	Construct a system of indicators to calculate the extent to which the target is close to or deviates from the positive or negative ideal solution

Objective and subjective metrics can be used simultaneously
	Based on subjective and holistic evaluation criteria, the classification criteria lack explanatory and persuasive power

Only two or more research subjects can be used. The classification criteria lack credibility
	[4,43,44]



	Energy analysis method
	Economic, resource, and environmental factors are measured by the solar value as a unified standard

A standard of measurement is provided for the rational use of resources and the assessment of resource and environmental values
	The energy conversion rate calculation is complicated, and the regional and dynamic nature of the study object is not well considered in the energy value calculation process
	[25]



	Geographic information system (GIS) method
	A model that can dynamically monitor the resource environment
	Adequate, high-quality data is required, as well as expertise in resource and environmental management, and the level of GIS application is poor
	[41,49,50]
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Table 2. Scales, Types, and Dimensions of RECC.






Table 2. Scales, Types, and Dimensions of RECC.





	Author
	Scale
	Time
	Type
	Dimensions
	References





	Zhu et al.
	Provincial
	2020
	ECC
	Single
	[15]



	Wu et al.
	Reservoir
	2020
	ECC
	Single
	[14]



	Wu et al.
	Basin
	2020
	ECC
	Single
	[16]



	Prato et al.
	Protected Areas
	2009
	ECC
	Single
	[18]



	Wang et al.
	Basin
	2022
	ECC
	Single
	[39]



	Tehrani et al.
	County
	2013
	ECC
	Single
	[40]



	Wang et al.
	County
	2014
	WECC
	Single
	[42]



	Zhang et al.
	Small area
	2019
	WECC
	Single
	[21]



	He et al.
	Provincial
	2022
	WECC
	Single
	[23]



	Wang et al.
	basin
	2018
	WECC
	Single
	[24]



	Ait-Aoudia et al.
	Municipal
	2016
	WECC
	Single
	[58]



	Yang et al.
	Municipal
	2019
	WRCC
	Single
	[25]



	Shen et al.
	Municipal
	2020
	WECC
	Single
	[34]



	Pata et al.
	China
	2021
	ELCC
	Single
	[17]



	Cupul-Magana et al.
	Small area
	2017
	TCC
	Single
	[20]



	Cisneros et al.
	Small area
	2016
	BCC
	Single
	[33]



	Martire et al.
	Small area
	2015
	FRCC
	Single
	[59]



	Lane et al.
	Australia
	2014
	RCC
	Single
	[27]



	Świąder et al.
	Municipal
	2020
	ELCC
	Single
	[51]



	Sevegnani et al.
	Municipal
	2017
	CCC
	Single
	[60]



	Kessler et al.
	Small area
	1994
	HCC
	Single
	[29]



	Graymore et al.
	Small area
	2010
	SHCC
	Multiple
	[30]



	Cohen et al.
	Earth
	1995
	HCC
	Multiple
	[31]



	Zheng et al.
	Provincial
	2022
	RECC
	Multiple
	[53]



	Zhang et al.
	Municipal
	2019
	RECC
	Multiple
	[37]



	Wei et al.
	County
	2019
	RECC
	Multiple
	[38]



	Wang et al.
	Small area
	2017
	RECC
	Multiple
	[28]



	Wu et al.
	Greater Bay Area
	2021
	RECC
	Multiple
	[43]



	Gao et al.
	City Cluster
	2021
	SCC
	Multiple
	[12]



	Sun et al.
	Small area
	2018
	UCC
	Multiple
	[48]



	Irankhahi et al.
	County
	2017
	ELCC
	Multiple
	[41]



	Du et al.
	Country
	2022
	EP
	Single
	[56]



	Jin et al.
	Country
	2020
	SE
	Multiple
	[61]







In the Type column, “CC” stands for carrying capacity, while other types are distinguished by abbreviations. “EP” denotes ecological pressure and “SE” denotes sustainability evaluation.
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Table 3. Data source.






Table 3. Data source.





	Data Name *
	Data Source
	Spatial Resolution
	Time





	Global DEM Data
	https://lpdaac.usgs.gov/products/astgtmv003/ (accessed on 20 January 2022) [62]
	30 m;

ASTER GDEM 30 m V3
	2019



	Road Network Data
	https://data.aseanstats.org (accessed on 18 January 2022) (ASEANstats)

https://download.geofabrik.de/ (accessed on 17 January 2022) (OSM)
	—
	2008–2020



	Global Impervious Data
	http://irsip.whu.edu.cn/resources/dataweb.php (accessed on 16 January 2022) [63]
	Landsat 30 m;
	1990/2000/2010/2019



	Mangrove data
	https://www.scidb.cn/ (accessed on 16 January 2022) [64]
	—
	1990/2020



	Shoreline data, reclamation data
	Accessed by reviewing the literature and contacting the authors [65]
	—
	1990/2020



	Other socio-economic data
	https://data.worldbank.org.cn/ (accessed on 15 January 2022) (World Bank)
	—
	1990/2000/2010/2020







* The missing data for some years were processed by linear interpolation. ”—” means not present.
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Table 4. Comprehensive Evaluation Index System of Resource and Environmental Carrying Capacity in Southeast Asia.






Table 4. Comprehensive Evaluation Index System of Resource and Environmental Carrying Capacity in Southeast Asia.





	
Target Layer A

	
Criterion Layer B

	
Indicator Layer C

	
Unit

	
Type of Indicator *






	
Comprehensive evaluation of RECC

	
Natural Resource Endowment

(B1)

	
C1 Average elevation

	
m

	
−




	
C2 Average slope

	
—

	
−




	
C3 Reclamation index

	
—

	
−




	
C4 Arable land area per capita

	
hm2/person

	
+




	
C5 Construction land area per capita

	
hm2/person

	
+




	
C6 Crop production index

	
—

	
+




	
C7 Renewable inland freshwater per capita

	
m3/person

	
+




	
C8 Aquaculture production data

	
metric ton

	
+




	
Ecological environment condition

(B2)

	
C9 Greenhouse gas emissions

	
%

	
−




	
C10 Average annual precipitation

	
mm

	
+




	
C11 PM2.5

	
µg/m3

	
−




	
C12 Shoreline length per capita

	
m/person

	
−




	
C13 Topographic relief

	
—

	
−




	
C14 Reclamation intensity index

	
—

	
−




	
C15 Mangrove coverage

	
%

	
+




	
C16 Forest Cover data

	
%

	
+




	
Socio-economic development

(B3)

	
C17 Population Density

	
person/hm2

	
−




	
C18 Population growth rate

	
%

	
−




	
C19 GDP per capita

	
dollar/person

	
+




	
C20 Economic Density

	
104 dollar/hm2

	
+




	
C21 Proportion of unemployed working population

	
%

	
−




	
C22 Total fertility rate

	
%

	
+




	
C23 Urbanization Rate

	
%

	
+




	
C24 Road network density

	
km/km2

	
+








* In the indicator types, “−” indicates the cost indicator, and the smaller the better; “+” indicates a benefit indicator, and the bigger the better. The dollars in GDP per capita and economic density are in constant 2010 dollars.
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Table 5. Weights of indicators.






Table 5. Weights of indicators.





	
Target Layer A

	
Criterion Layer B

	
Criterion Layer Weights

	
Indicator Layer C

	
Indicator Layer Weights






	
Comprehensive evaluation of RECC

	
B1

	
0.5278

	
C1

	
0.0240




	
C2

	
0.1320




	
C3

	
0.0271




	
C4

	
0.0709




	
C5

	
0.0419




	
C6

	
0.0410




	
C7

	
0.0906




	
C8

	
0.1003




	
B2

	
0.3325

	
C9

	
0.0240




	
C10

	
0.0252




	
C11

	
0.0376




	
C12

	
0.0240




	
C13

	
0.0179




	
C14

	
0.0618




	
C15

	
0.0814




	
C16

	
0.0606




	
B3

	
0.1396

	
C17

	
0.0136




	
C18

	
0.0109




	
C19

	
0.0170




	
C20

	
0.0224




	
C21

	
0.0266




	
C22

	
0.0096




	
C23

	
0.0317




	
C24

	
0.0078
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Table 6. Carrying capacity classification table.






Table 6. Carrying capacity classification table.





	Carrying Capacity Index Range
	Grade Name





	[0.08,0.13]
	Low



	(0.13,0.18]
	Medium



	(0.18,0.23]
	Higher



	(0.23,0.28]
	Highest
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Table 7. Calculated natural resource carrying capacity of Southeast Asia based on population correction for 1990–2020.






Table 7. Calculated natural resource carrying capacity of Southeast Asia based on population correction for 1990–2020.





	Country
	1990 Carrying Capacity
	2000 Carrying Capacity
	2010 Carrying Capacity
	2020 Carrying Capacity





	East Timor
	0.28
	0.29
	0.38
	0.28



	Philippines
	50.46
	51.56
	39.51
	34.67



	Cambodia
	8.56
	8.96
	9.73
	10.93



	Laos
	2.82
	2.96
	3.41
	3.42



	Malaysia
	16.08
	16.83
	17.64
	16.16



	Myanmar
	24.18
	25.41
	28.71
	25.35



	Thailand
	48.91
	51.35
	42.10
	37.88



	Brunei
	0.28
	0.30
	0.29
	0.29



	Singapore
	2.30
	2.27
	2.63
	2.89



	Indonesia
	167.60
	158.50
	168.27
	179.91



	Vietnam
	31.62
	37.87
	37.34
	37.91
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Table 8. Calculated ecological carrying capacity of Southeast Asia for 1990–2020 based on population correction.






Table 8. Calculated ecological carrying capacity of Southeast Asia for 1990–2020 based on population correction.





	Country
	1990 Carrying Capacity
	2000 Carrying Capacity
	2010 Carrying Capacity
	2020 Carrying Capacity





	East Timor
	0.26
	0.43
	0.47
	0.54



	Philippines
	17.26
	34.45
	40.95
	48.29



	Cambodia
	4.28
	6.86
	7.18
	6.93



	Laos
	2.17
	3.07
	3.08
	3.19



	Malaysia
	12.09
	16.27
	17.45
	18.49



	Myanmar
	15.48
	22.59
	21.68
	21.31



	Thailand
	19.43
	28.77
	27.95
	26.29



	Brunei
	0.25
	0.31
	0.30
	0.31



	Singapore
	1.66
	1.74
	1.90
	1.74



	Indonesia
	110.41
	131.71
	132.67
	131.60



	Vietnam
	16.59
	33.23
	34.19
	36.56
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Table 9. Calculated socio-economic carrying capacity of Southeast Asia for 1990–2020 based on population correction.






Table 9. Calculated socio-economic carrying capacity of Southeast Asia for 1990–2020 based on population correction.





	Country
	1990 Carrying Capacity
	2000 Carrying Capacity
	2010 Carrying Capacity
	2020 Carrying Capacity





	East Timor
	0.10
	0.10
	0.09
	0.08



	Philippines
	10.31
	10.07
	10.15
	11.96



	Cambodia
	1.44
	1.63
	1.72
	1.84



	Laos
	0.55
	0.73
	0.80
	0.84



	Malaysia
	3.47
	3.91
	4.30
	4.59



	Myanmar
	9.65
	8.45
	7.62
	6.32



	Thailand
	12.65
	11.20
	12.28
	11.02



	Brunei
	0.07
	0.06
	0.06
	0.06



	Singapore
	1.09
	1.28
	1.30
	1.43



	Indonesia
	25.23
	24.96
	24.90
	32.52



	Vietnam
	12.15
	13.16
	12.97
	11.88
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Table 10. Comprehensive calculation of resource and environmental carrying capacity of Southeast Asia based on population correction for 1990–2020.






Table 10. Comprehensive calculation of resource and environmental carrying capacity of Southeast Asia based on population correction for 1990–2020.





	Country
	1990 Carrying Capacity
	2000 Carrying Capacity
	2010 Carrying Capacity
	2020 Carrying Capacity





	East Timor
	0.25
	0.31
	0.37
	0.34



	Philippines
	33.81
	40.07
	35.88
	36.03



	Cambodia
	6.14
	7.24
	7.77
	8.33



	Laos
	2.29
	2.69
	2.93
	2.98



	Malaysia
	12.99
	14.84
	15.71
	15.31



	Myanmar
	19.26
	22.10
	23.43
	21.35



	Thailand
	34.04
	38.23
	33.23
	30.28



	Brunei
	0.24
	0.27
	0.26
	0.26



	Singapore
	1.92
	1.95
	2.20
	2.30



	Indonesia
	128.69
	130.94
	136.40
	143.25



	Vietnam
	23.90
	32.87
	32.89
	33.82
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