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The study of ecosystem services (ES) has been gaining momentum for two main reasons-first to quantify the ES that the humans are enjoying; second, to incentivize the people or institutions that contribute to the improvement of ES. Agriculture, as the dominant form of land management, acts as both a provider and consumer of ES. The present study is an attempt to map the ecosystem services and assess the agricultural ecosystem services in the village landscape of eastern India. The study aims to understand the various ES, linkages, and trade-offs that have affected the welfare of households in an area of eastern India over time. We found that Jamujhari, the village investigated, had a diverse ecosystem that produced over 60 ecosystem goods, and provided over 200 ecosystem services to the villagers. Moreover, the village’s four ecosystems, viz., forest, water, grassland, and agricultural ecosystems, along with human resources, are integrated and interdependent. However, the ES and the dependence of households on nature’s services have undergone substantial changes over time. The valuation of agroecosystem services (paddy and fallow land ecosystems) was done using the benefit transfer method. The value of the ES for the rice ecosystem was estimated to be US $ 37892.3 year-1, while under fallow land it was US$ 9667.8 year-1. resulting in a total value of US $ 47560.1 year-1 of total agroecosystem services. We suggest comprehensive research to develop context-specific tools to identify and measure ES. Further, we recommend an appropriate policy mix by considering synergies and trade-offs among different ES.
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1. Introduction

An ecosystem is a dynamic complex of flora, fauna, microbes, and their non-living environment that interact with each other to function as a unit (Sukhdev and Kumar, 2008). They produce goods and services that benefit human populations either directly or indirectly (Costanza et al., 1997). As per the United Nations Millennium Ecosystem Services Assessment (MA) of 2005, ecosystem services (ES) are the “benefits people get from the ecosystem” and are categorized into provisioning services, regulating services, cultural services, and supporting services (Millennium Ecosystem Assessment (MEA), 2005). Provisioning services include the direct benefits obtained from nature (which usually have a market value), such as food, water, and timber, while regulating services mainly refer to processes such as climate regulation, water purification, etc. Cultural services include the recreational, educational, asthetic, and spiritual benefits that humanity derives from the ecosystem, while supporting services are those that support the other three categories of ecosystem services through processes like soil formation and nutrient cycling (Daily, 1997). An economic valuation is a crucial tool for policymakers seeking to balance economic growth and the restoration of ecosystem services, particularly those that are not traded in real markets and are valued based on their social impacts (Gerowitt et al., 2003; Pagiola, 2008; Rasheed et al., 2021). Therefore, integrating economic valuation into decision-making processes enables policymakers to prioritize conservation efforts and promote sustainable development practices that preserve both economic and environmental benefits. However, since the valuation of ecosystem services faces many challenges, Costanza et al. mentioned in their paper (2017) that mapping all ecosystem services is in itself one of the most important ways to value them.

Agro-ecosystems are complex systems of climatic zones that include factors such as temperature, rainfall, and other parameters that influence crop growth through direct or indirect interactions with soil flora and fauna, like growth–promoting microbiota (Yadav et al., 2021). Unlike other ecosystems, agricultural ecosystems are largely driven by humans. They play a dual role by both providing and relying on ES (Garbach et al., 2014).

Agro-ecosystems comprise ecological and decision networks that are interdependent and interconnected, thus performing various functions that result in a wide range of ES. Furthermore, they are also connected at different levels of the landscape, which makes it difficult to manage their services (Tixier et al., 2013). Although most of the ES are valued and recognized by people, they do not have markets, leading to a lack of incentives to provide them that come with their prices (Swinton et al., 2007). Conservation and sustainable use of agricultural ecosystem services are crucial since these services ensure the well-being of both humanity and the environment. Therefore, it is necessary to balance the production of food with the preservation of ecosystem services to ensure long-term sustainability (Thrupp, 1998; Hajjar et al., 2008; Rasheed et al., 2021). Thus, knowing their intrinsic and economic value can help us promote greater investment for the sustainable management of agro-ecosystems (Rasheed et al., 2021).

The Food and Agriculture Organization (FAO) highlighted the importance of incentivizing rural communities to enhance the sustainability of agro-ecosystems and mitigate the effects of climate change. (How to feed the world in 2050 - Food and Agriculture Organization). In addition, assessing agroecosystem services can aid in developing appropriate payments for ecosystem services (PES) and eco-compensation schemes (naas.org.in). By providing financial incentives to rural communities, policymakers can encourage them to adopt sustainable land management practices. Attempts to value ecosystem services date back more than two decades and cover forests, wetlands, and agro-ecosystems in different regions of the world. However, when it comes to India, the evidence is not very promising. A few notable attempts at quantifying ecosystem services in India are “Value of a Tree” (1979) by Runko Luttenberger et al. (2018), the calculation of water supply benefits from the Almora forests by indirect methods by Chaturvedi in 1992 (Bisht, 2014), “The social distribution of provisioning forest ecosystem services: evidence and insights from Odisha, India” by Lakerveld et al. (2015), and “Assessment of ecosystem services of rice farms in eastern India” by Nayak et al. (2019).

India is an agrarian economy and is richly endowed with natural ecosystems that provide many services both locally and globally that still remain unrecognized and unvalued. Moreover, the conservationists (the rural masses and the farmers) are yet to be appreciated and rewarded for securing the services provided by agriculture. At present, the contribution of agriculture to the enhancement of ES is undervalued, thereby limiting the benefits to farmers. A study is therefore proposed to assess the value of the ecosystem services in a small geographical area. The present study will mainstream the value of natural agro-ecosystems in eastern India. Since Odisha is completely dependent on agriculture, especially rice, and is a low per capita income state (Odisha economic survey, 2021), it will provide good data on different rice ecosystems and the livelihood issues faced by the farmers. It will enhance knowledge of the existing ecosystems and the services they provide to society, facilitating greater local awareness and action to protect and improve the natural ecosystems. It will also play a pivotal role in strengthening the interaction and connection between humanity and nature, thus creating a green economy where the growth and health of our natural resources sustain each other. This study is an attempt to reflect the appropriate economic value of the natural environment and bring livelihood security for the poor (through PES) across eastern India. The study was undertaken with the objectives of classification and mapping of the ecosystems and their services, finding temporal changes in the ES in the last three decades, and evaluating agro-ecosystem services.



2. Materials and methods


2.1. Conceptual framework for changes in ecosystem services

Conceptual models have different roles, ranging from problem identification to the communication of complicated issues and the relationships between them. Essentially, they represent the cause-and-effect relationship (Dick et al., 2014). Some of the popular conceptual models that have been developed include the Pressure–State–Response (PSR) model used by the Organization for Economic Cooperation and Development (OECD) (OECD, 1991, 1993, 1996), the Stress-Response (SR) model (Rapport and Friend, 1979), and the Driver – Pressure – State –Impact – Response (DPSIR) framework of the European Environment Agency (EEA) (Smeets and Weterings, 1999).

The framework in this study (Figure 1) is developed based on the analysis of the changes that have taken place over time in the village of Jamujhari by various agents such as nature, villagers, and government agencies. Since any change in the existing ecosystem is the outcome of a positive or negative drive, care has been taken to conceptualize the impact of both positive and negative changes on the welfare of the local and global environment. This framework is essentially qualitative and may help us draw significant conclusions about similar changes in other areas where ecosystems and their uses have been altered by their drivers of change, i.e., either naturally or by human interference.
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FIGURE 1
 Drivers of ecosystem change (as compiled by the authors).




2.2. Data and research design

Considering the proposed study, both primary and secondary data (years 2020–21) were used to achieve the proposed objectives. Primary data were collected for various ecosystems and their services, willingness to pay for these, and temporal changes in the ecosystems over four decades. Secondary data were collected for land use, land cover, indicators, conversion factors, and values of ecosystem services from other studies. Primary data was collected through focus group discussions (Hennink, 2013), expert interviews, and the Delphi technique (Goodman, 1987). A total of 50 farm households and 20 experts from Jamujhari, Khurda were interviewed. Household surveys provided information on the individual ecosystem services enjoyed by the villagers. FGDs were conducted to collect information on the status of common property resources in the village. Information on the common ecosystem services and willingness to pay for agro-ecosystem services was obtained through the FGDs. Expert interviews involved interaction with the current and former village sarpanch, village elders, cooperative society members, agri-dealers, and gramya committee members. They provided information about the temporal changes in the ecosystem and the ecosystem services over four decade. They were also interviewed about their willingness to pay for the agro-ecosystem services available in the village. The Chandaka-Dampara sanctuary, renowned for its beauty and pristine habitat for many species, is a success story. Spread over an area of 193.39 sq.km on the uplands of the northeastern Ghats of the biotic region, the Chandaka-Dampara Sanctuary is a rich trove of biodiversity. Bordering this biodiversity hotspot is the village of Jamujhari, which also provides ecological services to its inhabitants. However, with rapid urbanization and the demarcation of the Chandaka forest boundaries, the village has been neglected for the ecosystems and their services that they render. The village can serve as a perfect hub for both the ecological and economic sustainability of the local population as it is rich in ecosystems such as water, forest, grassland, and agricultural. Therefore, this hamlet was purposefully selected as the study area to determine the economic value of the ecosystem services found in and around it. The location of the study area is presented in Figure 2. Secondary data regarding land patterns, demographic details of the village, area, production, and yield were collected from the local authorities and official state census data. Satellite map data on land use and cover were also used. Data from appropriate literature reviews and meta-analyses of previous studies were used for validation. The study was conducted in eastern India, more specifically in the state of Odisha, close to the famous Chandaka forest, a global hub for biodiversity. Potential data sources were the Odisha Space Applications Centre, the district agriculture officers, agricultural statistics, and finally workers, households, and farmers at the village level.
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FIGURE 2
 Location of the study area.




2.3. Valuation of agro-ecosystem services

This objective purely deals with the valuation of ecosystem services from the agricultural ecosystem in the village. It was found that only kharif rice was cultivated in the study area, while the rest of the agricultural land was completely fallow. Thus, the valuation was divided into two parts – one being the valuation of the kharif paddy and the other being the fallow land. The valuation of paddy was done using the benefit transfer method from the paper by Nayak et al. (2019), while the ecosystem services of fallow land were evaluated using the open-ended contingent valuation method.


2.3.1. Valuation of paddy ecosystem services

Various conversion factors and indicators were used in the valuation of paddy ecosystem services. The coefficients from the paper by Nayak et al. (2019) used in the assessment were modified for inflation, and the area was multiplied by the adjusted factors to determine the economic values.

The gross value of rice ecosystem services was calculated by adding the values of provisioning, regulatory, and supporting services. The net value of the services was found by subtracting the value of dis-services from the gross value. Cultural services could not be calculated due to time and reliability limitations.


2.3.1.1. Provisioning services

These are the goods and services from the ecosystem that provide direct benefits and have a definite market value (Rasheed et al., 2021). Grain and straw were calculated using the market price method.

[image: image]



2.3.1.2. Regulatory services and supporting services

Regulatory services are those that are derived from the regulation of the ecosystem, while supporting services are the ones that help in the proper working of the other components of the ecosystem (Rasheed et al., 2021). These include non-marketed goods and services, with components such as pest control, nutrient cycling, soil formation, and so on. The benefit transfer method (Johnston et al., 2015) was used to calculate the values of the regulatory and supporting services. The services from previously existing studies are compared with the services of the present study, along with the similarities in the location and ecosystem of the studies (Byrne, 2022). If the services are found to be similar, then the values from the other locations are transferred to the current study. Values from the 2019 analysis by Nayak et al. were taken and adjusted in the context of our studies as follows:

The mean value of the non-marketed goods from review = y $.

Adjusted mean value = (y/WPI) * 100 = w.

The total value of non-marketed goods = w * total area of the present study (ha) = z $.

Note: WPI for 2020–21 = 163.5 (Source: GOI Office of Economic Advisor).



2.3.1.3. Dis-services

Paddy has a direct effect on the soil and is a major emitter of greenhouse gasses like methane, carbon dioxide, and nitrous oxide (Kumar et al., 2016). Carbon emissions and soil erosion are calculated in this study. To calculate the dis-service caused by carbon, the mean carbon emission value has been taken and multiplied by the total area. The benefit transfer method was used again for both dis-services.



2.3.1.4. Calculation of net paddy ecosystem services

[image: image]

where ESTP = total ES value from the paddy ecosystem, ESM = marketed (tangible) ES values, ESNM = non-marketed (non-tangible) ES values, and EDS = value of dis-services. ES = Ecosystem Services, EDS = Ecosystem Dis-services.




2.3.2. Valuation of fallow land ecosystem services

The willingness to pay of the locals was estimated using the open openended contingent valuation method (Bishop and Heberlein, 2019). The locals were explained about the services and dis-services of the fallow land ecosystem, and about the need to conserve the ecosystem to maximize the economic benefits derived from it. A hypothetical situation was then created in which people were organized into groups and asked about their willingness to pay for saving the fallow land or preventing it from being converted into construction sites. The average willingness to pay per unit area was calculated and then multiplied by the total area to find out the value of the ecosystem services provided by the fallow land.

Willingness to pay for a given ES by individuals (per ha) = W1, W2, W3 …… WN US$.

Total number of respondents = N.

Average willingness to pay by all respondents for a given ES (per ha) = ∑Wi / N US$ = WA.

Total willingness to pay by all respondents for a given ES (per ha) = WA* Total area of fallow land = WT1.

Similarly, the values for all the ES from the fallow land were computed and added.

Total ES from fallow land = WT1 + WT2 + WT3 …………. + WTN.

The dis-services were then subtracted and the net value was found.
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Net ESF = Net Ecosystem Services from Fallow Land.



2.3.3. Classification and mapping of ecosystem services

After the FGDs and expert interviews, data on ecosystem goods and services found in the village of Jamujhari were collected. The data was then presented in tabular form and classified according to the ecosystem classification systems used worldwide, i.e., the Millennium Ecosystem Assessment (MEA) (2005), The Economics of Ecosystems and Biodiversity (TEEB) (2011), Costanza et al. (2017), and the Common International Classification of Ecosystem Services (CICES) (Millennium Ecosystem Assessment (MEA), 2005; The Economics of Ecosystems and Biodiversity (TEEB), 2011; Costanza et al., 2017; Structure of cices, 2022).



2.3.4. Temporal changes in ecosystem services

The second objective of the study was to find out the changes in ecosystem services benefiting the village in the past four decades (1985) and in the present time. The data pertaining to this objective was collected using the above-mentioned tools, i.e., FGDs, expert interviews, and the Delphi technique using multiple rounds of questions. These data were mostly based on interviews with the elders of the village, who had a detailed idea about the changes that had taken place in the village in the last four decades. Secondary sources of data in the form of satellite maps were also used for this analysis from Google Maps (Google earth, 2023). After collecting the data, these were presented in the form of a table indicating the increase, decrease, or consistency of the ecosystem services related to the village. The conceptual framework mentioned in Figure 2 was used for a qualitative analysis based on the perception and memory of the participating villagers and the maps available. Subsequently, a comparative analysis between the two time periods was compiled in tabular form, thus completing the second objective of the study.





3. Results


3.1. Mapping and classification of ecosystem services

The study area is situated near the Chandaka Wildlife Sanctuary, and it has well-connected and diverse ecosystems. This region in eastern India is a hub of biodiversity that promotes four major ecosystems, such as forest, water, grassland, and agricultural. All the ecosystems have been providing the residents with innumerable direct and indirect benefits. There are roughly 64 ecosystem goods derived from these ecosystems, which provide over 200 ecosystem services to the villagers (Annexure I–Supplementary material). As per the various classification systems and cascade setting framework, the ecosystem services of the village were classified into four major categories: Provisioning services, Regulatory services, Cultural services, and Supporting services.

The people derived numerous direct benefits from their ecosystems, the most important of which were food grains like rice, firewood from trees like acacia and neem, food and dry fruits from the forest like amla, cashew, and other NTFPs like honey, wild mushrooms, etc. They also got feed and fodder for their livestock from the grasslands. The water ecosystem consisted of ponds, natural dams, and natural wells (Annexure I–Supplementary material), which not only provided villagers with drinking water and water for irrigation but were also a source of aquatic flora, fauna, and fish. The natural dams also aided in stocking water and preventing floods. In addition, locals also got milk and meat from the livestock, which contributed both to their diet and to their economic livelihood. Moreover, the indirect services provided by the ecosystems were much greater than the direct benefits obtained. From the rich fauna population to the lush greenery, the region provided asthetic beauty and satisfaction to its inhabitants, along with places of spiritual relevance (like the temple in the mountain) that have kept the ancient traditions that are still alive in the present generation. Nevertheless, with such an abundance of natural resources, the climate and soil have constantly been regulated, even with a large number of anthropogenic effects like excessive inorganic farming.

However, as mentioned above, it is important to understand that no single ecosystem can ever exist on its own without support from nearby ecosystems. Specifically, the agricultural ecosystem is one such system that derives its existence from other ecosystems, such as the water and forest ecosystems, which provide raw materials for its sustenance. In return, the agricultural ecosystem also helps to strengthen the soil structure through its roots and other microbial activities. Not only that, but the services also come with certain dis-services that are equally shared by all ecosystems. For example, rice ecosystems release methane, which is harmful to the environment as a whole. Thus, the release of this greenhouse gas ultimately affects both humans and all other ecosystems in the village.

Humanity is also an integral part of the ecosystem. Neglecting its contribution and dis-contribution to nature can also lead to an underestimation of the entire process taking place in the area investigated. Many anthropogenic activities have negative effects on the environment. However, certain good practices, such as social forestry, the creation of check dams, ponds, and wells, and the practice of agriculture, have positive implications for the maintenance of ecological balance.

Therefore, it can be said that forest, water, grassland, and agricultural ecosystems, together with human resources, form an integrated, complex system. These ecosystems are interdependent for their survival and maintenance, thus creating ecological sustainability. This interlinkage in the context of Jamujhari village is well displayed in Figure 3, thus successfully achieving the first objective of this study.

[image: Figure 3]

FIGURE 3
 Inter-linkages between various ecosystems (as compiled by the authors).




3.2. Temporal changes in ecosystem services over the last four decades

The study area has been subjected to the effects of urbanization and many development projects. As the area is in close proximity to the Chandaka forest, residents relied on it for their day-to-day sustenance and livelihood, greatly benefiting from it. A group of tribes also lived in the forests and depended on that ecosystem for their survival. However, with the creation of the Chandaka Elephant Sanctuary in 1982, residents were restricted in their interaction with the forest ecosystem. Also, with the establishment of the Deras Farm, much of the water resources were diverted for use on the horticultural projects by the state and the ICAR, thus depriving the villagers of their previous usage. Moreover, much of the effect of urbanization was observed on the livelihoods of those who moved from agriculture to the service industry. Also, agriculture turned completely inorganic and mechanized, which had an impact on wild fish production and destroyed the soil profile. Detailed changes in ecosystem services between 1982 and 2020 can be seen in Table 1.



TABLE 1 Changes in ecosystems and services over a four-decade period.
[image: Table1]

From Table 1, it is clear that in the last four decades or so, there has been a severe decrease in the ecosystem services used by the villagers as a result of the creation of the boundary of the Chandaka forest sanctuary, especially with the development of the Deras Farm, which has diverted most of the natural resources to them. As locals were heavily dependent on the forest and its natural resources for their daily lives, they never realized the indiscriminate use of the existing resources within the village boundaries. Thus, with the restrictions on the use of forest and water resources, there were quite a few efforts made by the residents to restore their ecosystems by re-creating a small forest in the village (social forestry) and by building a few ponds and dams in order to store water for their personal and agricultural use. However, they lost many of the benefits that they used to derive, mainly from the cashew plantations and from the wild vegetables and NTFPs in the forest ecosystem. Moreover, the tribes were the most affected, as they were displaced from their natural habitat and way of life. This also led to a decline in involvement in agriculture. As stated above, the majority of agricultural lands were removed for various building projects as a result of urbanization. As the residents have shifted to the service sector, the rest of the village’s agricultural land has either been left fallow or subjected to monocropping of rice, leading to many ecological imbalances in and around the village environment (such as the release of methane, insect/pest infestation, and destruction of the soil profile). So, we can clearly say that during these years the village has been subjected to severe disturbances in terms of its ecology, thereby reducing the services and increasing the dis-services of the existing ecosystems. Moreover, there has also been a change in rice cultivation, from local varieties to high-yielding varieties. Annexures II and III (Supplementary material) show the details of the varieties used both in the past and present.

There was a shift in the use of the rice varieties (Annexures II and III–Supplementary material). The most important change seen is the abandonment of the Swarna Masoori rice variety. Despite its sturdy nature and high yield, the variety was banned due to its high susceptibility to pests and diseases. Moreover, owing to its higher yield, the villagers have switched over to the HYV rather than using indigenous varieties. These are still somehow used by a few small and marginal farmers for domestic use and seed production. However, the use of HYV has made agriculture completely intensive and inorganic, which has had a negative impact on the soil and agrobiodiversity. The agricultural ecosystem is interdependent on other ecosystems, such as forest, water, and grassland. The compartmentalization of various ecosystems and their management has had detrimental effects on the overall ecosystem. Alienation of local tribes from the forest ecosystem has intensified unsustainable agricultural practices. Occupational mobility of the farmers from agriculture to the service industry has also caused sub-optimal use of the agro-ecosystem.



3.3. Valuation of agricultural ecosystem services


3.3.1. Valuation of rice ecosystem services

It is clear that provisioning services (food and straw) constitute a major part of the rice ecosystem, followed by soil fertility and the mineralization of nutrients (Figure 4). The highest share of provisioning services shows that the agriculture in the village is completely intensive and used for commercial purposes, and due to the damaged agro-ecosystem, the flow of other services has been affected, making their values significantly lower than those of provisioning services.

[image: Figure 4]

FIGURE 4
 Share of ES from the rice ecosystem.




3.3.2. Valuation of fallow land ecosystem services

As compared to the rice ecosystem, the fallow land ecosystem has a more balanced distribution of ecosystem services, with grazing land contributing the most (33%) (Figure 5).

[image: Figure 5]

FIGURE 5
 Share of ES from the fallow land ecosystem.


The value of marketed services from rice ecosystems is US$ 31698.86 per year, and that of non-marketed services is US$ 6337.54 per year. Thus, the net value of rice ecosystem services is US$ 37892.3 per year (Table 2). Fallow land provides ecosystem services worth $ 9667.8 per year (Table 3). Therefore, the total economic value of the agricultural ecosystem services in the study area amounts to $ 47560.1 per year. However, this study did not measure the value of cultural ecosystem service. Consequently, the actual value of ecosystem services may be higher than the estimated value in this study.



TABLE 2 Value of provisioning services provided by the rice ecosystem.
[image: Table2]



TABLE 3 Value of regulatory and supporting services and dis-services provided by the rice ecosystem.
[image: Table3]





4. Discussion


4.1. Ecosystem services

The results indicate the presence of over 200 ecosystem services in a micro-environment. This shows the importance of a group of interconnected ecosystems for a sustainable future. In line with other studies, this paper also emphasizes that humanity is deeply dependent on natural capital and well-functioning ecosystems, which are the basis for the continuous flow of ecosystem services to society as a whole (Burkhard and Maes, 2017). The study also found that regulating and supporting services were the most common and abundantly available, a result that is also consistent with other studies (Egoh et al., 2012; Martínez-Harms and Balvanera, 2012). The comparison between the land uses from different ecosystems showed a lower number of ecosystem services from agricultural land (Malinga et al., 2015). A major finding, however, was that all ecosystems, particularly agricultural ecosystems, are inter-dependent, with humans being the central link between all of them. Interestingly, cultural services were found to be an integral part of the agricultural and forest ecosystems, indicating a close relationship between nature and culture (Beilin et al., 2014).



4.2. Temporal changes

Over the years, there has been a decline in the services perceived by people, especially in the agricultural ecosystem. This is probably due to the shift away from and neglect of agriculture. Agriculture as a multifunctional ecosystem (Foley et al., 2005) faces conflicting interests between ecosystem service trade-offs (Bennett et al., 2009; Power, 2010; Smith et al., 2012).

Despite the lack of benefits from the previously used ecosystem services, people are now better off in terms of standard of living and infrastructure. They have playgrounds, schools, community centers, and most importantly, Pakka houses, and are hardly dependent on the natural resources of the village for their daily living. However, it is also important to note that with the intervention of third parties and more awareness toward the conservation of biodiversity, major steps have been taken by various governments and private organizations (or partnerships) for the creation of farms and the definition of forest boundaries. In addition, various water conservation projects have also been taken up to divert water resources for human use while also preventing flooding in nearby areas. Residents have also been engaged in the preservation of the existing natural resources in the study area and have created small vegetable gardens in each household. The grassland area has remained undisturbed and has developed over the years. However, the dependence of the locals on the ecosystem has decreased significantly. As stated above, the residents’ socio-economic welfare has also increased due to better education and employment opportunities in the service industry owing to their proximity to the city. Nevertheless, the macro-environment has benefited to a greater extent with less human intervention.

One of the major negative impacts on the ecosystem has been observed due to the shift in rice varieties from local types to high-yielding varieties (HYV). The local varieties used in the past were sturdy, has better adaptability, and were less intensive in terms of fertilizer and pesticide use. The plant population was also smaller. All of this contributed to more environmentally sustainable agriculture. However, with the use of HYV, although there was a substantial increase in yield, these were found to be very input-intensive, and the area became completely dominated by inorganic agriculture, with rice HYV contributing to the pollution and degradation of the soil owing to the excessive use of inorganic fertilizers and pesticides. Also, as a result of intensive agriculture, the plant population of HYV is quite high, leading to more carbon and methane emissions, which badly pollute the environment. Another important change was seen in the use of rice straw as fodder for livestock. Desi types and local varieties served as better and healthier feed for animals as compared to the HYV, thus the shift has also resulted in a decrease in the availability of quality fodder. Therefore, we can clearly see that the agricultural ecosystem has undergone a negative ecological change over the years. Studies from other countries have also concluded that urbanization, industrialization, and changes in agricultural production patterns are the main factors in the deterioration of environmental quality and have proven to be a major threat to biodiversity (Su et al., 2013, 2018).

Thus, using the conceptual framework developed (Figure 1) and the perceptions of the respondents, we can conclude that there has been an overall increase in global ecological welfare as a result of better conservation of forest, grassland, and water resources. However, in agriculture, there has been a negative impact on the macro-environment as a result of excessive inorganic farming in addition to fallow land for years, together with a complete shift in the use of rice varieties. However, looking at the local household, we can say that there has been an overall increase in economic welfare despite the unavailability of most of the previously used ecosystem services, due to the shift from local dependence to the service industry and to mechanized and inorganic farming that yields better output for marketable purposes.



4.3. Economic value of agro-ecosystem services

From the valuation of the agro-ecosystem services (Tables 4–7), it is clear that despite the neglect of agriculture, the services render a good amount of economic benefit, which can be used as a tool to incentivize and design appropriate payments for ecosystem services. The results are similar to those of Nayak et al. (2019). The results of this study are also consistent with a recent study by Das et al. (2022). The study suggests that provisioning services have the greatest importance and that tribal communities are the most important and vulnerable groups for the sustainability of both ecosystem services and livelihood security. The study also shows that high priority must be given to cultural, supporting, and regulatory services because of their potential to generate provisioning services in addition to providing economic benefits.



TABLE 4 Total value of ES from the rice ecosystem.
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TABLE 5 Value of provisioning, regulatory, and supporting services provided by the fallow land ecosystem.
[image: Table5]



TABLE 6 Value of dis-services from the fallow land ecosystem.
[image: Table6]



TABLE 7 ES net value from the fallow land ecosystem.
[image: Table7]




5. Conclusion

The present study was an attempt to mainstream the awareness of the present generation toward a sustainable economy-environment interaction. Our findings clearly show the variety of services provided by a micro-ecosystem. The study area supported over 200 ecosystem services from all four ecosystems, viz., forest, water, agricultural, and grassland. Over the years, there has been a shift in the dependence and conservation of ecosystems and their services due to urbanization, government interventions, and transitions from the agricultural sector. Most of the ecosystems have been subject to a decrease in their services, as perceived by the residents. However, due to conservation strategies, the forest ecosystem has been less exploited, giving way to greater ecological welfare. Conversely, the agricultural ecosystem was found to be the most affected because of repeated monocropping and fallow land. Moreover, the shift to the service industry had led to complete neglect of the agricultural lands in the region. Despite all of the above, the agricultural ecosystem has provided a large number of ecosystem services worth $ 47560.1 annually. The value of ecosystem services from agriculture clearly indicated the need to incentivize conservationists and develop some sort of eco-compensation or (Payment for ecosystem services–naas, 2022) by the government for a sustainable future. As ecosystem services have the potential to become an important policy and decision-making tool at all scales, possible applications and implementations must be made for sustainable management of natural resources along with economic inclusion for livelihood security. These kinds of studies can be replicated in various regions by making quantification and valuation of ES mandatory in different government programs such as natural farming, organic farming, and so on. Also, incentivizing farmers to use payments for ecosystem services programs can help in the effective transfer of benefits to farmers. Strengthening technology transfer and extension services, integrating ES by using a system-wide approach in decision-making and national agricultural policies, comprehensive research work to design context-specific tools for identifying and measuring ES, and designing appropriate policy mix by including synergies and trade-offs among different ES are some of the policy suggestions that can be implemented for valuing the ES and designing payments for ES within the country and globally.
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