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Abstract

:

Ecosystem services are part and parcel of human lives. It is of paramount importance to understand the interaction between these ecosystem services, as they are directly related to human life. In the modern era, quantification of ecosystem services (ES) is playing an important role in the proper understanding and efficient management of social–ecological systems. Even though a significant amount of literature is available to present on the topic, there is a need to build an adequate amount of knowledge repository. Hence, a systematic literature review method is used, in which research question and searching stages are defined. This review study is conducted on ecosystem services and remote-sensing-related keywords in the Scopus database. After a systematic analysis of the papers retrieved from the Elsevier, Scopus database, MDPI, and open source, a total of 140 primary articles were categorized according to their relationship with other ecosystem services, land use, land cover, and planning management. Major issue findings and important aspects have been analyzed and reported in each category. With this analysis and developments in the existing literature, we have potential areas for future research. Findings pointed out that regional or local-level ecosystem services-related work is immensely important, and a hotspot of current research aiming to understand the variability and spatiotemporal dynamics in terrestrial and aquatic ecosystems.
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1. Introduction


The biophysical state of the ecosystem is affected by multiple elements and, simultaneously, by humans’ ability to enjoy its services [1]. Furthermore, Anthropogenic and non-anthropogenic interventions can change the biochemical cycles and earth’s energy equilibrium, in turn causing global warming, and future climate changes [2]. On the other hand, rapid urbanization degrades ecosystem services [1,3]. Gretchen, in his work, points out that the lifestyle of the people may be hampering the prosperity of ecological biodiversity at the expense of their descendants [4,5]. Talking about ecological biodiversity, the term ecosystem services is described by many authors as the process that helps to sustain human life, with the help of interaction between the natural ecosystem and the species [4,6]. Globally, human systems are supported by nature’s contribution, i.e., ecosystem services, and [7,8] state that land use and land cover changes (LULC) induced by humans have increased over the last three decades, leading to changes from a natural setting to human-conquered land. Furthermore, according to Gómez-Baggethun & Barton [9] more than 50% of the world’s inhabitants reside in urban areas and potentially receive benefits from the ecosystem services; the future projection of people living in urban areas is calculated to reach 66% by 2050. The main motive for this research is to find a way to conserve the existing ecosystem, with a background of arising global environmental issues.



Ecosystem Services


Ecosystem services (ES) are defined as the benefits people obtain from nature [1,4,6]. ES connects human well-being and natural systems to ecological and economic development to lay a platform between nature and society [10]. Land use and land cover changes increase the population rate and have a huge impact on ES, which is leading to its degradation [11,12,13,14,15,16]. Therefore, evaluation of ES has been the core subject of research in the academic section for years [17,18], and the recent past interventions also show the readiness of the study to inform policymakers in undertaking essential decisions in the policy making process along, with the integration of ecology, geography, and economy [19]. In the study [20], the authors put forward that the authenticity of the ecosystem cannot be based on human intervention alone; the same is considered authentic when the researcher considers both pristine and altered forms of the ecosystem, therefore understanding the change in fundamental characteristics of the ecosystem.



ES plays a vital part in constituting the well-being of an individual’s life through security provision, meeting the basic needs for day-to-day life along with health and good social relationships with each other. Urban ecosystems are still a critical area of ES research, as half of the world’s population dwells in urban areas. According to MEA, around 60% of global ES has been threatened or used inappropriately, and the same process is expected to continue essentially in the first half of the present century [1]. For this reason, recently, ES is significantly considered one of the vital aspects of land use planning and ecological environmental planning and management [19,20,21,22,23,24,25,26,27,28,29,30,31,32].



The interaction between the ESs can take place in two ways. The first is trade-offs, where an increase in the effect of one of the ES results in a decreased effect in other ES. The second is synergies, where the increase in the effect of one ES also leads to the increased effect of other ES [23,24]. When these relationships occur again across space and time, they are called ES bundles [25]. Understanding this relationship is rather critical, as it focuses on the relationship between ES by concentrating on inherent bundles rather than on discrete ES [26,27,28]. Studies by Bennett et al. say that the trade-offs and the synergies are caused by the interaction among various ecosystems, so the ecosystem services cannot be considered independent [29]. Braat & de Groot infer that the study of various ES is complex [30].



Ecosystems can be monitored at different levels; they can be studied at a global scale or regional scale, or local scale. Global-level studies are carried out worldwide, but researchers suggest studying the services at the local level, which gives us a better understanding of the situation, helping us to take up appropriate mitigation strategies at a regional level. This helps us achieve sustainable goals at the global level [28]. Although research studies by a wide range of scholars have shed light on the interaction of various ecosystem services in recent years, the amalgamation of our existing knowledge repository and gaps is still inadequate [31].



Various other frameworks emerged in the recent past for ES studies [33]. To account for the natural capital, Common International Classification of Ecosystem Services (CICES) integrates different criteria of various ESs. Closely capturing concepts that relate to nature’s contribution to humans is the framework developed by Inter-governmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). To understand ES, Ref. [1] came up with a base framework for global ES study; therefore, ES can be classified into four categories: (i) provisioning ecosystem services, (ii) regulating ecosystem services, (iii) cultural ecosystem services, and (iv) supporting ecosystem services.



Provisioning ecosystem services (PES) are defined as the goods that can be directly extracted from nature and consumed, which have a certain market value. Examples of provisioning ecosystem services are water, food, wood, biofuels, etc. Stating the same, for the freshwater supply ecosystem service, it is necessary to have an ecosystem that is functioning in a good way [34]. Climatic factors such as precipitation, evaporation, and climate variability are the important components that control the water yield of the region [34]. Water yield has positive linkage between evapotranspiration and soil conservation [35], along with other components such as food production, timber, etc.



Regulating ecosystem services (RES) can be defined as the benefits that are drawn from the process of the ecosystem that modifies the condition that we are presently experiencing. Examples of the same will be climate changes, carbon storage, soil fertility, floods, etc. [29]. The study emphasizes the relationship in terms of trade-offs and/or synergies of regulating ecosystem with other ESs, due to which regulating ESs can be considered as one of the critical parameters for the assessment of ecological resilience [35]. Managing one ES parameter will improve synergies among other ES parameters, especially among carbon storage, low flow, biodiversity, etc. [36]. Carbon (C) storage is a key attribute in regulating the global service of climate regulation [9]. Practical implementation of C sequestration knowledge will take a back step in public policymaking due to the lack of effectiveness in translating scientific criteria [37]. Carbon sequestration acts as an important parameter in global climatic regulation [33]. Carbon is stored in four different layers in nature, i.e., aboveground biomass, belowground biomass, soil organic carbon, and dead matter storage. As carbon is stored (~70%) in the terrestrial ecosystem [38,39,40], its carbon dynamics potential could be affected in the future under rising carbon dioxide. Therefore, the carbon present in the soil considerably has a huge impact on the spatial and non-spatial data. Hence, long-and-medium term modeling taking into consideration of different LULC scenarios is the hotspot of current research, which helps policymakers with the mitigation strategies framework and decision-making process. This process can be re-scaled globally, regionally, and locally by co-relating different rationales to economic opportunities and regulatory policymaking.



Gómez-Baggethun et al. [41] introduced cultural ecosystem services (CES), but MEA studied and defined them as “the non-material or intangible benefits people obtain from the ecosystem either spiritually, through cognitive development, recreation, self-reflection or through experiencing aesthetically” [1]. In this ES, some of the services, such as recreations, have market value, whereas other services do not have the same. Functions fulfilling life information functionality are the different ways in which cultural ecosystems are included in the study [4,6,42]. Additionally, Sen & Guchhait simplify the definition by correlating humans’ sociocultural practices with psychological development [43]. CES is also associated with the intangible benefits that people attain from nature due to the interaction [44,45]. Most of the studies on cultural ecosystem services deal with recreation services that are nature based and aesthetic [46], whereas not a great amount of study hqw been carried out on the spiritual value of landscape due to the limitation of modeling [47]. Supporting ecosystem services (SES) are the fundamental process of the ecosystem that supports life, such as photosynthesis, nutrient cycle, and evolution; this is a vital service that the ecosystem provides, which allows the rest of the ecosystem services to be delivered.



To achieve sustainable development of the city and conserve the ecosystem, it is necessary to understand each of the abovementioned ecosystem services and their interactions with the changing LULC [48]. This study can help provide future research perspectives and proper decision-making strategies. To offer the same, a literature review for each of the ecosystem services was carried out, providing a global perspective first and then elaborating on the studies conducted at the national level. It will provide an overview of the models and methods that are used for the quantitative study of ecosystem services in the limelight. The publications used various methods of quantitative assessments, such as spatial mapping, economic valuation, etc. Therefore, the main objective of our paper is to understand; (i) the global scenario of ES, (ii) where does ES study in India fall? (iii) what are the research gaps that could be studied, and a way forward in the same area.





2. Materials and Methods


2.1. Data Collection


The literature survey was carried out in November 2021, and data were collected from Science Direct, Scopus, MDPI, official reports, and Wiley. The main strategies of the basic literature review contained four different phases. First, to understand the total number of publications present, we used the keyword “Ecosystem services” to understand the pattern of the study on a yearly basis. Second, to understand works on different types of Ecosystem services, we used the keywords “Ecosystem services and Provisioning Ecosystem services”. In the next search, using keywords “Ecosystem services and Regulating Ecosystem services”, similarly, the search was carried out for cultural ES and supporting ES and their trend of publication for two decades. This was followed by the search to understand the types of models used to study ES, and also to figure out the types of models catering to ES. Additionally, a search was carried out to understand the trends of individual models serving various parameters of ES. Finally, the investigation was carried out to understand the ES publication in the Indian context using the search keyword “Ecosystem services and India”.



After collection of the records, the initial step of analysis took place at various levels. The first step of the selection criteria was to select the papers which spoke about ES throughout the world. This was followed by the data range strategy of selection, wherein the collected data were segregated based on types of publication. In this step, most of the journal articles were selected over the books or conference papers, as the articles are periodical, and there was a high chance of understanding the current trend of publication. Books and conference proceedings were negated. The step was followed by the title and abstract search, wherein the non-related articles were negated after going through the article abstracts and title. This was followed by the criteria search, which considered the related variables of the study. As a result of this, 138 articles were extracted for this review. The assessment parameters for this review are based on the ecosystem services approach and include the date of publication, the context of the publications, the kind of data used/analyzed (qualitative or quantitative), as well as the spatial size of the study. Table 1 gives an insight into the criteria considered for the study.




2.2. Data Analysis


The data analysis consisted the database of search records that was built from the data collection process. The study can be considered susceptible given the huge amount of data resent in the database. To avoid arbitrary comments, a systematic review was carried out on 140 selected papers that dug deeper to understand the knowledge base of the subject, which excluded book chapters, student theses, and reports. Regardless, the search output is considered authenticated and peer reviewed, as it was taken from the distinguished journal article database. The data were taken as a basis for future study (Figure 1).





3. Results


3.1. Mapping of Publication


Research publications until early 2000 were fewer in number (Figure 2). The reason was unfamiliarity with the subject; later, the work changed the whole lens on how the ecosystem was viewed [4,6]. From 2000 to 2005, we can find approximately two thousand papers on ecosystem services (Figure 2). Later, once the MEA [1] was published, we found a sudden rise in the graph, which denotes that universal attention was attained by ecosystem service research. Later on, it became one of the core research areas among academicians and scholars. From the years 2005 to 2010, we found publications that provided an insight into the trade-off and synergies among the ecosystem services. Following MEA, in 2010, TEEB [46] came up with a newer lens of added economic value to the ES. In 2011, CICES [49] gave common ground for all international works related to ecosystem services. Post-2015 marks a prolific change in the number of publications on ecosystem services, with the publication of the Sustainable Development Goals (SDG) 2030. These are aimed at making cities locally and globally sustainable due to the change in global climatic aspects.




3.2. Chronological Publication on ES Papers


Ecosystem services papers published between the years 2000 and 2005 show that awareness of the subject was limited, wherein a critical understanding of the same was not present (Figure 3). Post MEA, the publications on the ecosystem services increased; today, we find 20,000 publications based on ESs (Figure 3). Sustainable development goals gave the necessary push required for the study and to make the cities more sustainable. MEA formed the ecosystem framework, along with four major categories.



The number of papers was classified into four ES categories (Figure 4). Sixteen percent of the papers discuss provisioning ecosystem services, basically focusing on agricultural products, freshwater bodies, food, etc. (Figure 3). The publication trend of PES is gradually increasing day by day and is more focused on the water and agriculture-related aspect, as it has a significant role to play in every human life today. Regulating ES has 17% of paper publications, mainly focusing on the vital aspects of the present-day scenario, i.e., climatic changes, carbon sequestration, floods, soil erosion, etc. The publication trend of RES falls in line with the provisioning ecosystem, as we find trade-offs and synergies among the ESs [29], so it is important to study critical aspects on the same basis (Figure 4).




3.3. Models Used to Access Ecosystem Services


Modeling of the ES helps the researcher to quantify, spatially locate, and potentially evaluate the economic trends. Daily et al. [19] point out that this information plays a vital role in the decision making of urban planners, urban designers, and policymakers attempting to understand the effect of urban expansion on ES. In the present scenario, there is a proliferation of models and tools that helps us to map and access ES and vice versa [42,50,51].



Over time, numerous studies tried to simultaneously understand land use changes and their impact on ES, which helped designers and policymakers take appropriate steps to overcome the issue. To monitor LULC changes and ES changes, satellite images have been globally used as the most accurate tool [52,53]. Models are used to investigate the interactions (such as a trade-off, synergies, bundles/clusters, and flows) of ES, and deliberately put forward benefits that are enjoyed by humans for their well-being [54,55,56]. There is much importance given to enhancing ecosystem service management by objectively quantifying interactions among various ES [57].



Integrated Valuation of Environmental Services and Trade-offs (InVEST) is a globally accepted tool that was developed inside the Natural Capital Project [50,54,55,56,57,58,59]. The InVEST model can illustrate a spatially visualized map of the ESs. Comparing the InVEST model with other models, InVEST does not require any expertise; this model provides a nearly accurate assessment with limited demand of data input criteria, and is relevant in understanding the areas dealing with ecological processes [50,51,60]. InVEST model is a useful tool for assessing small-scale and local studies which give relevant and credible results for LULC and ES [58]. The InVEST toolbox is used to determine nearly 14 ES for supply changes using user-defined base setups like land use land cover and climatic changes [61,62].



The Soil and Water Assessment Tool (SWAT) is considered universally to simulate hydrological processes [63]. Further, the model has the flexibility in a spatial discretization that evaluates the space, locally, regionally, and globally. Like this, a decent number of models are used to assess ES changes; some of them are ARIES, LUCI, CA- Markov, SLEUTH, CLUES, etc.



The study of ecosystem services is performed quantitatively using mapping and modeling techniques. Researchers also have used a combination of models to assess ES, such as a combination of model mapping ES (such as InVEST, SWAT, ARIES) and model mapping urban expansion. With the help of the statistical model, the mapping was carried out. Urban expansion models such as LUSD–urban (Land Use Scenario Dynamics–urban) [64] help in a multi-scale simulation of urban expansion, LUSD–urban along with Cellular Automata (CA) and system dynamics models signifies micro-scale evolutionary factors and macro-scale resource constraints. This model has undergone certain iterations in recent years, with improved accuracy and an average kappa index [65]. The other models are SLEUTH (slope, land use, exclusion, urban extent, transportation, and hill shade) [66], CLUE-S (the Conversion of Land Use and its Effects at Small regional extent) [67]. Statistical models such as correlation analysis [13,68], regression analysis [28], and root mean square deviation were used [69]. This combination of models is efficient at forming the correlation among a few variables but is not considered to be functionally viable. The most celebrated models are InVEST, ARIES, and SWAT. ]. Figure 5 gives a brief idea of various models used by researchers.



The most commonly used base data are LULC, soil data, terrain data, and hydrological data. This gives a whole picture of different criteria such as habitats, soil types, vegetation class, and biomes. According to Metzger et al., the above data are used as ecosystem services indicators [70]. Adding on the same data can be used for valuation and spatial estimation of ecosystem services [71]; the other types of data used for ES assessment are census data; climatic data such as precipitation data, which is used for water yield assessment; and a digital elevation model (DEM); this is used for hydrology assessment [72].



The models used to access ESs spatiotemporally are InVEST [60], SWAT [61], ARIES (Artificial Intelligence for Ecosystem Services) [73], LUCI, etc. According to the publication trend from 2000 till 2021, we find the InVEST model is being used extensively due to its input data criteria; it uses open source data that are freely available, with a mapping/modeling scale of 30 m × 30 m. This model helps us to access multiple ecosystem services, (water quality, soil erosion, carbon sequestration, biodiversity conservation, nutrients, agricultural produce, etc.) [72].




3.4. World ES Publication Status


Ecosystem service study post [1] has been proliferated due to rapid urbanization, causing temporal changes such as climatic variation, global warming, etc. We find work on ecosystem services is mainly carried out in the developed countries. It is of prime importance to study the changing trajectory of spatial settings in developing countries, as the population increase demands changes in the land use and land cover dynamics. The interrelation between the ESs and human activities play a critical role in global climatic conditions. Publication trends in the world ES scenario is showcased in Figure 6 and Figure 7.



In the present scenario, we find ES studied globally in three ways: (1) estimating the physical quantity of services provided [74]; this is primary work that is carried out, to understand the influence of LULC change on ES, as well as its impact on the climatic aspect; (2) the economic value [75], which is needed to understand the income that is generated due to the interaction of ES, and also helps in estimating the economy lost due to the deterioration of ES, and (3) the basic benefit transfer method [6].




3.5. ES Publication Status of India


The publication trend of ecosystem services in the Indian context gives us a brief idea of the present knowledge gap. After the search carried out in the Scopus database, we found hardly 200 papers published on ESs (Figure 8). India is a very diverse country regarding its spatial, temporal, and cultural aspects. It will be of prime importance for the study of ES to bring about awareness of ESs’ influence on recent global temporal changes. India is a developing country; hence, it has experienced a lot of spatiotemporal changes in recent decades.



India is peninsular; it is surrounded by the sea on three sides. With this being said, mangrove plays an important role in protecting the coastal region. Table 2 gives a brief idea on the studies conducted on ES in India. Giri et al. studied the status of mangrove forests in Southeast Asia [76]. Prasad et al. [77] studied the rate of degradation of seagrass impacting regulating ES due to human activities, whereas Edward et al. gave insight into methods of restoring seagrass [78]. The study conducted by [79] to understand the spatiotemporal dynamics in the mid-sized town of Telangana using statistical methods showed unsustainable growth trends among LULC variables, making study of the patterns vital. Studies were conducted to understand the degradation and rate of sedimentation of wetlands in the Western Himalayan region of Himachal Pradesh, showing a large-scale unregulated development causing the damage to ES [80]. Furthermore, Sannigrahi et al. [81] measured 17 ESs; Sannigrahi et al. [82] showed that climatic factors, biophysical factors, and environmental stress significantly affect the ESs in the Sundarbans region. The seasonal variation was captured using GHG (Green House Gas) on carbon pools in the degraded Sundarbans region [83]. Talukdar et al. [84] demonstrated the relationship between LULC and changes in ES; later on, Das et al. [85] shed light on decreasing ecosystem health in the lower Gangetic Plain region. Stakeholder participation plays a vital role in conserving ES. Sinclair et al. showed the willingness of the stakeholders to maintain the same [86]. ESs by the world hotspot region of Western Ghats played a vital role, elaborating on the impact of LULC on the ecological hotspot region and ES of Western Ghats [87,88]. Water richness and wetland habitable suitability criteria are important for understanding the habitat suitability of a populated region [89]. Further, there are stresses related to the dynamics of soil carbon in alternative cropping techniques [90,91]. Shah et al. [92] came up with the framework to understand the ecosystem services with a comprehensive view of common resources used by policymakers to attain sustainability.





4. Discussion


4.1. Contribution of ES and Global Issues


According to the study, Millenium Ecosystem Assessment [1] inferred that 15 of 24 ecosystem services had degraded globally. Anthropogenic activities are the main reason for 60% of the deterioration of provisioning ecosystem services [1,94,95,96]. On a global scale, we projected the impact of LULC on ecosystem services and concluded that changes in LULC can deteriorate the ES [97].



Bennett et al. [29] infer that trade-off and/or synergies do take place between regulation ecosystem services and other ESs, considering this the main determinant to access the ecological changes [35]. In the global scenario of the past five decades, due to an increase in the population, demand, and usage of water, intensive agricultural produce, industrialization, and economic growth, Ref. [98] pinpoints that the use of water has tripled. Studies conducted by [14,99,100,101] prove that there is a significant role played by LULC on the water yield. A trade-off relationship between ES was found by Zhang et al. [102] between provision ES and soil conservation. The study conducted by Yi et al. [103] found that there is a significant connection between carbon storage and soil sediment retention in an urban watershed and river basins. However, it was also proved that the synergies and trade-offs occur in different scenarios [104]. Hence, a study analyzing various ESs is vital to urban management, planning, and policy decision making [28,105].



Literature proves that there is a direct relationship between the carbon and soil-based ESs [106,107,108]; Rodríguez et al. [109] proved the existence of a positive correlation between aboveground carbon storage with water regulation and supply. However, knowledge related to the potential of the coastal belt to regulate climate change and emission levels due to different anthropogenic activities is not available. Nevertheless, it is critical to access the influence of carbon sequestration on climate changes by different LULC on susceptible areas that are sensitive to changing processes. Many research scholars have studied the influence of LULC on carbon stock and climatic changes [110]. Following this study, we find [111] established the relationship between precipitation variation and LULC and its influence on ES



The study of soil erosion has caught the attention of researchers recently, and studies have been conducted globally on various scales [112]. The study conducted by Vaezi et al. [113] showed the result of ecosystem services hampered due to soil erosion, desertification, etc. Additionally, due to the presence of spatial heterogeneity, Ref. [114] explains the importance of soil-related study at various scale dynamics. This helps us to understand the effect of soil and its trade-off and/or synergies at various scales, as demonstrated by [115].



The major issue found globally today, as summarized by [116,117,118,119], shows that ES have been critically impacted due to the intense interaction between the ecosystem and humans at a regional scale, and this has to be looked after with immediate effect. This is also important according to the study [120], which found that the relationship between ES is spatially heterogeneous. Some researchers have studied the LULC change on a smaller scale can transform into synergy in spatiotemporal distribution at a larger scale [121,122,123]. Sun et al. [104] stated that studies at the future level at a regional scale should be designed to improve various scenarios in a detailed way to cater to the local situation and policy planning. Researchers such [82,124,125] found that there was a significant influence of climatic factors on the ESs variations. Therefore, Refs. [126,127] suggest that the effective planning management strategy is to incorporate ES bundles and hotspots in the decision-making process.




4.2. Way forward to ES Research in India


Based on the literature review conducted, there is a need to account for ecosystem services on different LULC in Indian scenarios, varying in urban settings and geolocation of the urban areas. On a national scale, we have the work of LULC changes giving an insight into the change dynamics in land use. There is empirical evidence that shows there are evident changes in the structure of ES due to urban expansion, which will lead to the degradation of the same [65]. However, little is known about the intensity of ES losses at a regional scale in the Indian context, due to the influence of LULC. It is also important to understand the influence of climatic factors on ES at a regional scale, providing better service to society.



The reason to select the ESs is that first, ESs such as carbon sequestration, water yield, and soil retention are the common focus areas for research study, as they represent the ESs subset [128,129,130]. Second, the quantitative methods of spatially analyzing the driving forces of these ESs can be reinforced by the efficient availability of large-scale data [130,131]. Vallet et al. [132] state that the study of ES interaction is important when it comes to questioning the usefulness of various criteria to come up with appropriate decision-making needs and expectations. From the literature survey, it is seen that provision, regulation, and support of ESs are threatened [27].



Even though there is a prolific amount of research on ES, there must be in-depth knowledge about the relationship and tradeoff among various ES [27], which should also be explored in terms of emerging climatic changes [27]. Additionally, Refs. [36,84] suggests that research should be conducted on every site-specific scenario leading to informed design management strategies, which in turn elevates ES benefits. The authors of [132] investigated the relationship between ES and urbanization, and concluded that for LULC, topography has a greater influence on ESs than urbanization.





5. Conclusions


Understanding the changes in ESs and their relationship with the help of spatially explicit methods could be helpful for the study to be conducted. In the present review, research dynamics of ES in the global scenario are given, and are then narrowed down to the national scale of the Indian scenario between 2000 and 2021. This analysis is based on 138 articles gathered from the databases of Science Direct, etc., with the help of bibliometric statistics such as keywords, countries, and outcomes. Additionally, ecosystem types, geographical location of the studies conducted, and assessment and valuation methods are in the limelight. The number of publications in the Indian context is gradually increasing. We find a steady increase in the publication trend post-2015. We find publications focusing on the study of two or more ES categories. Crop production and water yield have focused on provisioning ecosystem services; carbon sequestration, soil conservation for regulating ecosystem services; biodiversity conservation, along with the nutrient cycle, for supporting ecosystem services; psychological behavior, and quality of life in cultural ecosystems. We find these studies have been completed, since these are considered major determinants ruling these ESs along with the help of readily available research methodological framework. On the other hand, due to lack of methods and data, it is difficult to map the remaining ESs. In the Indian context, water, carbon, and soil play a major role in improving the socioeconomical aspect of ES.



India is a peninsular country with a wide variety of physical landscapes, including croplands, woods, grasslands, deserts, rivers, lakes, deltas, shelves, oceans, mountains, plateaus, basins, and islands. With its existing rapid economic growth and massive urbanization, India has become increasingly vulnerable to both natural disasters, such as droughts and floods, and human-caused ecological disasters, such as deforestation, salinization, erosion, and water, air, and soil pollution. The ES transdisciplinary paradigm serves as a useful framework for analyzing diversified natural assets and addressing environmental issues through integrated ecosystem management. However, the dataset built in this review work is not comprehensive; it can serve as a foundation for future studies, with the hope of creating a complete ES research database at the national level.
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Figure 1. Showing the flow chart of the data analysis for ecosystem services. 
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Figure 2. Number of publications on ecosystem services for two decades. 
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Figure 3. Number of publications on ecosystem services classification—chronology. Where PES indicates provisioning ecosystem services, RES is regulating ecosystem services, CES is cultural ecosystem services and SES is supporting ecosystem services. 
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Figure 4. Number of publications on ecosystem services classification. Where PES denotes provisioning ecosystem services, RES is regulating ecosystem services, CES is cultural ecosystem services, and SES is supporting ecosystem services. 
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Figure 5. Number of publications on assessment models of ecosystem services. 
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Figure 6. Trend of world’s ecosystem service publications. 
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Figure 7. Trend of Asia’s ecosystem service publications. 
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Figure 8. Indian Ecosystem service Publication trends. 
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Table 1. Criteria of Review with Feasible entries.
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	Criterion
	Feasible Entry





	Source
	Science Direct database



	Paper type
	Research Paper



	Data type
	Quantitative data, Qualitative data



	Spatial measurement scale
	Local, regional, national, global scale



	ES indicators
	4 types of ES indicators
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Table 2. Studies conducted on ESs in India.
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Author (s) and Study Year

	
Region

	
ES Categories Studied (P, R, S, C)

	
Number of ES Assessed

	
Grain

	
Methodology Used to Access ES






	
Giri et al. [76]

	
South Asia, Pakistan, Bangladesh, and India (Goa and Sundarbans)

	
S

	
1

	
Goa–23.5 m

Sundarbans–30 m

	
GIS and ERDAS (unsupervised, ISODATA)




	
Srinivasarao et al. [91]

	
Semi-arid tropics of India

	
P, R

	
2

	

	
Survey




	
Shah & Garg [92]

	
Cascading Framework




	
Sahani & Rahavaswamy [79]

	
Khammam, Telangana

	
P, R, C

	
3

	
Municipality

	
GIS with LULC base and Shannon’s entropy




	
Ramachandra et al. [88]

	
Western Ghats, Karnataka

	
S

	
1

	
160,000 km2 Mountain

	
GIS with Markov Analysis




	
Shukla et al. [14]

	
Upper Ganga basin

	
P

	
1

	
22,292 km2 Wetland

	
GIS with Pearson’s correlation and multiple linear regression




	
Prasad et al. [77]

	
Palk Bay

	
S

	
1

	
330 km2 Wetland

	
Sampling design




	
Malik & Rai [80]

	
Himachal Pradesh

	
P, R

	
2

	
12,562 km2 Wetland

	
GIS and ERDAS Imagine,

Socioecological interviews




	
Sannigrahi et al. [81]

	
Sundarbans

	
P, R, S, C

	
17

	
4264 km2

	
GIS using LULC analysis and ESV




	
Sannigrahi et al. [82]

	
Sundarbans

	
P, R, S

	
5

	
4264 km2

	
NPP with InVEST and CA-Markov




	
Shukla et al. [13]

	
Upper Ganga basin

	
P

	
1

	
22,292 km2 Wetland

	
Soil and Water Assessment Tool (SWAT) with MANOVA




	
Padhy et al. [83]

	
Sundarbans

	
R

	
2

	
4264 km2

	
Sampling design




	
Talukdar et al. [84]

	
Lower Gangetic plain

	
P, R, S, C

	
17

	

	
GIS using LULC analysis and ESV




	
Ramachandra & Bharath [87]

	
Western Ghats, Karnataka

	
P, R, S

	
3

	
160,000 km2 Mountain

	
GIS with Markov Analysis




	
Debanshi & Pal [89]

	
Ganges- Brahmaputra delta

	
P, S

	
3

	
6358.21 km2 Wetland

	
Artificial Neural Network (ANN) and Support Vector Machine (SVM)




	
Babu et al. [90]

	
Mizoram

	
R

	
2

	
22.0 Mha

	
Sampling design




	
Das et al. [85]

	
Kolkata

	
P, R, S, C

	
17

	
Metropolitan area

	
GIS using LULC analysis and EH




	
Sinclair et al. [86]

	
Ashtamudi lake Ramsar, Kerala

	
P, S

	
3

	
56 km2 Wetland

	
Questionnaire and sampling, econometric model




	
Sen & Guchhait [43]

	
Bardhaman

	
C

	
5

	
Municipality

	
field survey with semi-structured questionnaire




	
Pathak et al. [93]

	
Upper Ganga basin

	
P

	
1

	
22,292 km2 Wetland

	
mean Lumped Zhang model with InVEST








Where P denotes provisioning ES, R is regulating ES, S is supporting ES, and C is cultural ES.
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