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Abstract

:

This investigation delves into the profound interplay between the e-commerce environment and the agricultural system while scrutinizing the intricate human-land coupling dynamics engendered by transformations within the agricultural domain. Focusing on the expansion of orchards in Pinghe County, a pivotal epicenter for Chinese sweet pomelo production, this study elucidates the reverberations of Rural E-commerce Environment Development on Orchard Expansion through the lens of Tele-coupling. In doing so, it unveils the nuanced tapestry of the human-land coupling associations latent within the evolutionary trajectory of the agricultural system amidst the blossoming information society. The findings underscore a symbiotic relationship between the augmentation of orchard acreage and the burgeoning rural e-commerce landscape, effectively propelling the economic prosperity of the agricultural system. Moreover, a tele-coupling phenomenon has emerged, underscoring the intricate web of interconnections binding the maturation of the rural e-commerce ecosystem with the proliferation of orchards. The research illuminates that the transformation of land utilization, imbricated within the agricultural system, manifests as a distinctive form of tele-coupling intricately woven into the fabric of urbanization and information technology advancements. Consequently, adopting a comprehensive theoretical perspective and amalgamating disparate domains across distinct geographic realms becomes imperative for discerning the intricate nuances of the human-land coupling nexus within these multifaceted, open systems.






Keywords:


e-commerce environment; agricultural system; human-land relationship; tele-coupling; dynamic mechanism












1. Introduction


Land serves as the spatial conduit for human endeavors, constituting an indispensable foundation for societal and economic progress while concurrently representing a crucial reservoir for both urban and rural populations. The multifaceted ramifications of regional development, encompassing economic, social, and environmental facets, often manifest in alterations to land utilization patterns [1]. The dynamics propelling shifts in land usage and the intricate mechanisms underlying such transitions are characterized by their intricacy [1,2]. It is imperative to acknowledge that the trajectory of land use alteration is frequently nonlinear and intricately intertwined with other socio-ecological and biophysical systems [3,4].



The evolution of land systems is not solely influenced by human interactions [5] with the natural milieu from a socio-economic and environmental standpoint but is equally shaped by novel institutional progressions and governance frameworks via the phenomenon of tele-coupling [6], a phenomenon that mirrors the escalating forces of economic globalization and urbanization [7,8]. The global interconnection that characterizes our world today has left an indelible mark on land use patterns. This transformation is chiefly attributed to the heightened circulation of information, capital, goods, and human capital [9], underscoring the pivotal role of remote markets [10]. The implicit connections and indirect feedback mechanisms [11] that entwine humanity with land use systems through the agricultural supply chain present a tangible predicament that necessitates attention for the promotion of sustainable socio-economic and ecological progress [12,13]. In this era of informatization, data emerges as a novel factor of production, and the digitization of agricultural products rapidly progresses upstream from the consumer’s “table” to the very “land” where they originate [14].



However, an imperative lacuna persists in our understanding, specifically in terms of micro-level insights into the intricate mechanisms dictating “how the development of e-commerce environments, operating as a tele-coupling agent, instigates transformations within land systems”. Orchard expansion, serving as the foundational phase in the production of fresh agricultural commodities, carries substantial implications not solely for economic advancement but also for the promotion of sustainable land use practices and environmental stewardship [15,16,17].



In the realm of ecological and socioeconomic systems, the concept of tele-coupling has emerged as a valuable theoretical framework for unraveling the intricate connections between distant or seemingly disconnected systems [18,19]. Tele-coupling, in essence, lays bare the intricate web of interactions and flows, encompassing materials, information, and financial resources, that transpire between these systems. In the context of our present study, the tele-coupling concept takes on a specific lens, focusing on the dynamic interplay between the development of rural e-commerce environments and the expansion of orchards. This investigation probes into the role played by the e-commerce environment as a tele-coupling mechanism, delving into the profound impacts it exerts on land utilization patterns and economic growth. The implications of such interactions extend to the realms of land use practices and environmental sustainability. In effect, this tele-coupling framework underpins our theoretical foundation for comprehending the dynamics that underlie these interconnected systems.



Tele-coupling between human activities and the landscape has found widespread application in the exploration of urban-rural development and agricultural systems. Concurrently, the confluence of the e-commerce and logistics industries has emerged as pivotal conduits for the commercialization of fresh agricultural products over the past two decades [3,20,21]. The evolution of this dynamic is characterized by a novel business paradigm, born from the confluence of internet technology and traditional commodity circulation, thereby bolstering the value chain within the agricultural sector [22,23,24].



The field of land change science represents an interdisciplinary realm dedicated to unraveling the intricate couplings that exist between human and natural systems [25]. It entails an examination of the driving forces that steer transformations in land usage, viewed through the lens of tele-coupling. Existing research has probed into a multitude of facets within this domain, including the tele-correlation of urban land [26], the dissection of proximate and remote drivers of land use and land cover alterations [27], and holistic, network-based studies spanning across interconnected systems. Research efforts have spanned diverse topics, such as deciphering the influence of urbanization on food systems [28], exploring the nexus between urbanization and the growth of e-commerce [29], and dissecting the intricate relationship between urbanization and shifts in rural land utilization [14].



Yet, it is worth noting that extant research endeavors have thus far overlooked the interconnectedness between human societies and the land across varied geographies, with scant attention paid to investigating the repercussions of urbanization and the burgeoning rural e-commerce landscape on the expansion of orchards—a pivotal facet in the production of fresh agricultural goods. Orchards, bearing the primary function of cultivating cash crops, constitute a linchpin in the economic development of rural areas [30]. Over the past four years, there has been a surge in scholarly interest directed toward urban-rural development and rural e-commerce, with investigations that scrutinize the impact of e-commerce on farmers’ income and rural advancement through the prism of case studies and qualitative observations [31]. These studies have underscored the short-term augmentation of farmers’ income and its contribution to the restructuring of rural income [31,32,33]. While they have enriched our understanding of the impact of e-commerce on rural economies and the income of farmers, they have yet to consider the indispensable role of land resources as a quintessential production factor. Research inquiries into the judicious utilization of land resources and the mechanisms driving land use transformations remain a pivotal dimension of sustainable rural development [4,34].



Therefore, the present investigation is dedicated to elucidating the influence exerted by the developmental dynamics of the rural e-commerce milieu, conceived as a prime mover of tele-coupling, on the transformative dynamics of land utilization and economic prosperity. Concurrently, this study undertakes a meticulous examination of the intricate mechanisms underpinning the interplay between the expansion of orchards and the agrarian framework. This empirical inquiry centers its focus on the emblematic region of Pinghe County, renowned as the paramount production hub for sweet pomelo in the People’s Republic of China. The research endeavors to unravel the propulsive mechanisms of the e-commerce environment, spanning the preceding two decades, with a multifaceted approach encompassing the dimensions of transportation logistics, digital infrastructure, and the e-commerce platform.



This scholarly exploration elucidates the symbiotic human-land interface that is inextricably interwoven within the agricultural milieu and further probes into the inherent mechanisms that propel the e-commerce environment to orchestrate the expansion of orchards within the context of tele-coupling evolution. In so doing, this inquiry furnishes empirical substantiation to corroborate the theoretical paradigms posited by antecedent scholarship. Notably, this research adopts remote sensing data resources and harnesses the capabilities of the Google Earth Engine to compute the precise extent of orchard land, thus surmounting the methodological challenges associated with obtaining granular cropland utilization data. Ultimately, this pioneering endeavor marks the inaugural endeavor to scrutinize the repercussions of the e-commerce milieu on the advancement of the agricultural system, wielding its impetus to drive orchard expansion, thereby enriching our comprehension of the latent intricacies intrinsic to the human-land tele-correlation phenomenon.




2. Materials and Methods


2.1. Research Hypothesis


Four hypotheses are developed in this study, as follows:



Hypothesis 1.

Orchard expansion exerts a favorable influence on the economic advancement of the agricultural system.





Land, possessing attributes akin to an asset, assumes significance alongside capital, labor, and technology within the rural context. Invariably, land classifications bear a profound interconnection with the socioeconomic progress experienced in rural regions [4]. The transformation of land use within a given locality typically emerges as an outcome of the confluence of various elements, encompassing natural geographical features, socioeconomic dynamics, legislative frameworks, engineering advancements, and additional factors. Notably, socioeconomic forces exert a preeminent influence in instigating profound shifts in land utilization patterns, often aligning these alterations with the imperatives of human development.



As the global population continues to grow, the extensive development of arable land has become a ubiquitous phenomenon, serving to address diverse human needs and catalyze opportunities within the realms of production and livelihood generation. Nevertheless, it is imperative to recognize that land resources exhibit multifaceted functionalities, and the unrestrained exploitation of cultivated land carries the potential for adverse repercussions, including the depletion of forests and the diminishment of biodiversity.



Pertinently, the fluctuation in land use patterns, encompassing both expansion and contraction dynamics, emerges as a salient determinant reshaping the distributional landscape of rural development factors [3,35].



Within this context, the expansion of orchard areas assumes a pivotal role, envisaged to impart a positive impetus to the overarching economic trajectory of agricultural systems. Orchards, constituting essential components of rural economies and primarily dedicated to the cultivation of cash crops, are emblematic of one of the most critical production factors instrumental in propelling rural economic development [30]. These orchards, possessing the latent potential to serve as catalysts for growth, underscore the fundamental tenets of land economics. Central to this theoretical framework is the assertion that land, as an indispensable factor of production, assumes a central role in nurturing economic progress. The bedrock principles of land economics accentuate that judicious land utilization, typified by the expansion of orchards for cash crop cultivation, holds the promise of amplifying agricultural productivity, thereby augmenting the overall economic well-being of rural landscapes [36].



We have to admit that the local economic development in Pinghe County is somehow at the expense of eco-environmental degradation. In Pinghe County, southeastern China, the expansion of orchards has had detrimental effects on local water resources. Orchards use fertilizers, leading to higher nitrogen runoff into nearby water bodies, causing issues like eutrophication and biodiversity loss [37]. Orchard expansion contributes to heavy metal contamination in soils due to pesticide use. This poses risks to water quality and human health [38]. Orchards require phosphorus-containing fertilizers, leading to higher phosphorus concentrations in water bodies, potentially causing nutrient pollution and harmful algal blooms [39]. In conclusion, orchard expansion in Pinghe County has adverse impacts on water resources, emphasizing the need for sustainable land use and agricultural practices to mitigate these issues.



Hypothesis 2.

The rural e-commerce environment promotes the economic development of the agricultural system.





Since 2014, the Chinese government has initiated a comprehensive rural e-commerce demonstration project with the primary objective of bolstering the trade of agricultural commodities and facilitating access for farmers to both domestic and international markets, thereby engendering a constructive impact on the economic landscape of the agricultural domain. The adoption of e-commerce platforms in rural regions has, in effect, invigorated the agricultural marketplace by enabling seamless online communication and conferring economic benefits upon agricultural practitioners. Empirical evidence underscores that farmers who regularly engage with the internet tend to achieve higher household incomes.



The theoretical underpinning of technological progression and economic development posits that the assimilation of contemporary technologies, such as e-commerce platforms, into conventional sectors like agriculture holds the potential to yield heightened productivity and enhanced economic prosperity [40]. Internet technology, as a conduit, directly connects farmers with expansive consumer markets, amplifying the demand for agricultural produce and cultivating economic growth within the agricultural sphere [3]. Nevertheless, it is crucial to acknowledge that information technology is a double-edged sword, as it not only ushers in new marketing prospects for agricultural products but can also introduce heightened competitive pressures and market volatility for producers. The integration of e-commerce in rural contexts serves as an instrumental mechanism for the transportation of agricultural goods to urban locales, thereby augmenting the demand for agricultural output and contributing substantively to the economic progression of the agricultural framework. Consequently, this study advances the ensuing hypothesis:



Hypothesis 3.

E-commerce platforms wield a more pronounced influence on agricultural system development when contrasted with traffic logistics and network infrastructures.





This assertion is grounded in the significant strides made in the domain of network and information technology services, which have catalyzed the transformation of conventional agricultural processes. These processes encompass a spectrum of activities, encompassing production and management, marketing, transportation, and the procurement of agricultural resources [32]. Evidently, this technological evolution has ushered in a novel circular process characterized by the seamless flow of information, capital, logistics, and business transactions. This multifaceted circular process assumes a central position in driving the development of agricultural systems, particularly in regions endowed with distinct geographic, cultural, and social attributes.



Nonetheless, it is imperative to recognize that the determinants influencing the development of agricultural systems exhibit heterogeneity across regions marked by divergent geographical settings, cultural contexts, and social environments. This observation aligns with the principles underpinning regional economics, which contend that a region’s distinctive attributes, including the presence of advanced e-commerce infrastructure, wield substantial influence over its trajectory of economic development [34]. To elucidate, let us consider the example of the southeastern coastal region of China, a locale characterized by a well-established transportation and logistics network. In this context, it becomes evident that, relative to logistics and network facilities, the e-commerce platform, serving as the epicenter of this circular process with information and business flow as its core components, exerts a more pronounced impact on the metamorphosis and upscaling of rural industries [21,24]. This supposition finds resonance with the tenets of regional economic development, which underscore the paramount importance of harnessing regional strengths and assets as catalysts for growth [41].



Hypothesis 4.

A tele-coupling nexus is discernible between the progression of the rural electronic commerce milieu and the amplification of orchard acreage.





This hypothesis is grounded in the notion of tele-coupling, whereby a dynamic interplay between the development of the rural e-commerce milieu and the expansion of orchards is discerned. In this context, tele-coupling refers to a phenomenon where substantial alterations in the demand for agricultural products in urban centers, driven by shifts in dietary preferences and an escalating requirement for fresh produce, exert discernible impacts on the agricultural cultivation processes in rural locales, owing to intricate market and policy mechanisms [11]. The underpinning theoretical framework of tele-coupling underscores the intricate web of interactions, signifying that human activities and land use modifications in one geographical region can propagate far-reaching ramifications onto distant regions. This underscores the imperative of comprehending these intricate and long-distance interactions. The transformations witnessed in rural areas manifest in a metamorphosis in the utilization of agricultural land, particularly within orchards, and lead to consequential adjustments in the structure of agricultural production and the utilization of resources. It is paramount to recognize that such shifts have the potential to induce socioeconomic and environmental effects that transcend geographical boundaries [32].



The evolution of urbanization, the optimization of traffic logistics, and the proliferation of e-commerce platforms collectively create an environment conducive to economic growth in rural hinterlands, primarily facilitated through the tele-coupling mechanisms ingrained within the agricultural land use system. Notably, the heightened demand for fresh agricultural produce in urban enclaves exerts a discernible influence on the expansion of orchards, with rural e-commerce channels acting as the conduits for this influence. This alignment with the tele-coupling framework underscores the exigency of examining land use transformations and their ramifications within the broader tapestry of interconnected systems, all while acknowledging the far-reaching repercussions that urbanization and technological advancements usher into rural landscapes. This, in turn, leads us to the ensuing hypothesis.




2.2. Research Area and Data


Pinghe County, situated within the Fujian Province of Southeast China, occupies a geographic expanse spanning 2328 km2, positioned at latitudes 24°02′–24°35′ N and longitudes 16°54′–117°31′ E (Figure 1). Distinguished by the moniker “Pomelo City of China and Pomelo Town of the world”, Pinghe County is renowned for its significant role in the cultivation of citrus pomelo, an essential variety within the global fruit crop spectrum and the third-largest commodity within international agricultural trade [42]. The cultivation of citrus pomelo has progressively assumed significance as a primary revenue source for farmers in major citrus-producing regions across China [6].



Based on the sampling data gleaned from Pinghe County in 2019, the conservative estimate for the extent of Pinghe sweet pomelo cultivation encompassed an expansive area of 460 km2, constituting approximately 1/5 of the total county area. The marketing avenues for Pinghe sweet pomelo predominantly encompass the realms of traditional markets, e-commerce platforms, exportation, and value-added processing. It is noteworthy that the cultivation and marketing of Pinghe sweet pomelo exhibit profound interdependence with the trajectory of e-commerce development and broader trade dynamics [42].



In 2022, the rural locales of Xiaoxi Town, Shange Town, Xiazhai Town, and Xintian Village in Banzai Town garnered distinction as China’s designated Taobao Town and Taobao Village. This recognition holds particular significance in the context of Pinghe County, Southeast China, renowned for its Guanxi sweet pomelo cultivation.



Over the past two decades, China’s e-commerce sector has experienced a meteoric rise, as evidenced by a remarkable surge in total e-commerce sales from a negligible figure in 2000 to an astounding 37.21 trillion yuan in 2020, thereby solidifying China’s position as the global epicenter of e-commerce activity. Analyzing Business Big Data for 2022, a noteworthy trend emerges, indicating that online sales of agricultural products in China reached an impressive 531.38 billion yuan, reflecting a notable year-on-year increase of 9.2%. This growth exceeded the previous year’s figures by 6.4 percentage points, underscoring the sector’s robust momentum [43]. As reported, it has come to light that the upsurge in online retail transactions within rural areas of China is surpassing the national average [32]. This observation is indicative of the transformative trajectory embarked upon by rural e-commerce in China, which commenced in 2000 and witnessed an initial phase of modest expansion between 2003 and 2009, followed by a remarkable surge from 2010 to 2020.



For this investigation, we centered our research on the interplay between the rural e-commerce environment and the agricultural system within Pinghe County during the temporal span encompassing 2000 to 2020. Our dataset primarily drew from sources such as the Pinghe County Statistical Yearbook (2006–2020), the Fujian Provincial Statistical Yearbook (1990–2020), and the China Digital Economy Report (2001–2020), alongside additional statistical reports emanating from pertinent governmental bodies like agriculture and rural development, statistics, planning, and natural resources departments within Pinghe County. The temporal scope of the data collection was strictly confined to the interval from 2000 to 2020. In addition to these secondary data sources, we conducted fieldwork in 2020. Over the course of May to June, we undertook visits to multiple townships within Pinghe County, including Xiazhai Town, Banzai Town, Xiaoxi Town, and Shange Town, with the primary objective of gathering empirical insights concerning the cultivation of sweet pomelo and the evolving landscape of the e-commerce logistics sector in the region.




2.3. Research Methods


At the outset, it is crucial to outline the four hypotheses guiding our study. These hypotheses serve as the foundation for our research and inform the choice of indicators and analytical methods. To better illustrate the relationship between these hypotheses and our methodology, we have outlined the specific indicators selected for hypothesis testing, as shown in Table 1.



Table 1 demonstrates how the chosen indicators are linked to each hypothesis. It offers insights into the rationale behind selecting these indicators to validate the hypotheses, ensuring a clear and logical connection between the research framework and the hypotheses.



2.3.1. Research Framework


In the initial stages of our research, the dataset, primarily composed of Landsat 8 data accessible through the Google Earth Engine (GEE) platform, underwent meticulous preprocessing procedures. These procedures entailed critical tasks such as the identification and masking of cloud and water interference, the application of spectral band operations, and model inversion techniques applied to the four designated indicators. Following this data refinement, a crucial step involved the normalization of the aforementioned four indicators. Subsequently, the random forest classification method was employed as a means to delineate and ascertain the spatial extent of pomelo orchards on the ground.



Concomitantly, our analytical framework encompassed the selection of three independent variables, namely fruit yield, total agricultural output, and per capita disposable income among rural residents, which were combined with the orchard area to form the foundation of the agricultural system indicator framework. Within the realm of the e-commerce environment system, our indicator framework comprehensively integrates facets such as transportation infrastructure, logistics development, network accessibility, and the presence of e-commerce platforms.



In the course of our investigation, predicated on four distinct hypotheses elucidating the driving forces underpinning orchard expansion and agricultural system evolution within the context of the e-commerce environment, we embarked upon a multifaceted analytical approach. This approach encompasses correlation analysis, causal relationship examination, and network analysis, all harmoniously incorporating the delineated indicator frameworks of the agricultural and e-commerce systems. The overarching objective of these analysis was to elucidate the intricate driving mechanisms contributing to the expansion of orchard areas, as graphically depicted in Figure 2.




2.3.2. Establish the Index System


This study delves into the multifaceted factors influencing the expansion of orchard areas and the concomitant alterations within the agricultural framework, against the backdrop of the rural e-commerce development strategy unfolding within the context of an evolving information society. The investigation intricately revolves around two distinct sets of variables, namely the rural e-commerce environmental system and the agricultural economic system. Within the realm of the rural e-commerce environmental system, we discern four pivotal dimensions: “transportation (x1)”, “logistics development (x2)”, “network facilities (x3)”, and “e-commerce platform (x4)”, each meticulously elucidated in Table 2. The inclusion of these variables is essential for a comprehensive analysis.



Transportation (x1): This variable is crucial because it reflects the accessibility and ease of transport for agricultural products. It impacts the distribution of goods to markets and, consequently, the expansion of orchard areas.



Logistics development (x2): The level of logistics development is directly related to the efficiency of the supply chain. A well-developed logistics system can reduce losses and ensure the timely delivery of agricultural produce, which, in turn, affects land utilization and orchard expansion.



Network facilities (x3): In an information society, the availability and quality of network facilities play a vital role in connecting farmers to e-commerce platforms. This, in effect, influences their decision to expand orchards for online sales.



E-commerce platform (x4): The presence and quality of e-commerce platforms are central to the success of rural e-commerce strategies. A strong e-commerce platform encourages farmers to expand orchard areas, given the potential for higher sales and profits.



The agricultural system, on the other hand, comprises two fundamental dimensions: “agricultural economy (y1)” and “land utilization (y2)”. The selection of these variables is based on their significance in understanding the impact of orchard expansion.



Agricultural economy (y1): This dimension is essential as it encompasses key economic indicators, including “total agricultural output value” and “per capita disposable income of rural residents”, which are directly influenced by orchard expansion.



Land utilization (y2): Understanding changes in orchard area and fruit yield is crucial for assessing the effects of land use alterations on the local environment and economy.



In summary, the selection of these variables is based on their direct relevance to the research objectives, allowing for a comprehensive analysis of the factors influencing orchard expansion within the context of rural e-commerce development in an evolving information society.



To mitigate the potential influence stemming from disparities in index dimensions and variations in magnitude across the research variables, it is imperative to enact a process of data normalization. In the present study, we employ the z-score standardization technique for this purpose. Building upon the standardized values derived from the original indices, as delineated in Table 3, and the corresponding relationships of the driving force indicators, we employ the Principal Component Analysis (PCA) methodology to ascertain the weights attributed to four distinct categories: transportation, logistics development, network infrastructure, and the e-commerce platform. The determination of these category weights is achieved through an examination of the explained variance ratio associated with the first principal component within each category. Mathematically, this is represented as follows:


  proportion   of   variance   explanation   i =   e i g e n v a l u e i     ∑  j        eigenvalue   j      



(1)








2.3.3. Extraction and Analysis of the Orchard Area


The analysis of sweet pomelo orchard areas in this investigation is structured into three primary components, namely: image data acquisition, feature selection and classification, and the assessment of changes in sweet pomelo orchards within Pinghe County. These crucial phases entail the following procedural elements:




	
Acquisition of Image Data: The initial step entailed the utilization of the GEE platform to synthesize minimum cloud cover images, thereby procuring Landsat-TM data from the years 2000 and 2010, along with Sentinel-2A data pertaining to 2020.



	
Feature Extraction and Selection: Employing Sentinel-2 data in conjunction with Digital Elevation Model (DEM) data, a comprehensive suite of image characteristics encompassing spectral attributes, textural properties, and terrain features were meticulously extracted. These feature variables were subsequently harnessed within the framework of a Random Forest (RF) classification algorithm to discern the optimal subset for the ensuing classification exercise.



	
Classification Facilitation and Post-Processing: By augmenting the dataset with field survey data and high-resolution Google imagery, the identification of suitable classification samples was facilitated. The RF classifier was then enlisted for classification purposes, followed by post-processing activities. Validation samples were judiciously selected at random to gauge the accuracy of the classification outcomes, as depicted in Figure 3.



	
Temporal Mapping of Orchard Expansion: To delineate the evolution of sweet pomelo orchards in Pinghe County, a methodology rooted in prior knowledge was applied. The extraction results pertaining to sweet pomelo orchards in the year 2020 were deployed to mask early Landsat-TM image data, consequently affording insights into the spatial expansion of sweet pomelo orchards across the temporal spectrum, encompassing the years 2000, 2005, 2010, and 2015.









2.3.4. Analysis of Driving Forces and Mechanisms


In this section, we delve into the intricacies of our research methodology, specifically focusing on the coupling coordination degree model and Granger causality, while elaborating on the tools employed in this study. Our study aims to uncover the driving forces and underlying mechanisms that govern tele-coupling dynamics, specifically influencing orchard area expansion in the context of Pinghe County, Southeast China. The key independent variables include transportation, logistics development, network infrastructure, and the e-commerce platform, while the dependent variables encompass various agricultural system indices.



The analyses were executed using the following software tools, each tailored to its specific analytical purpose:



MATLAB R2023a: We integrated all explanatory and response variables into MATLAB R2023a. This initial phase allowed us to subject the time series variables to various assessments.



Python 3.9: Python was used for specific data processing and manipulation tasks, particularly for data standardization and restructuring.



ArcMap 10.3: ArcMap was employed for spatial analysis and visualization, helping us understand the geographical aspects of our study area.



Gephi 0.9.2: Gephi facilitated the visualization of network structures and relationships, which played a crucial role in understanding the interconnectedness of various elements within the tele-coupling framework.



Granger Causality Testing: To understand the causal relationships among these variables, we employ Granger causality testing. Granger causality helps us determine whether a variable can predict changes in another variable. The analysis is carried out using MATLAB R2023a and Python 3.9, each tailored to specific analytical purposes.



The initial phase of our analysis involves integrating all explanatory and response variables into MATLAB R2023a. We then subject the time series variables to a battery of assessments, including tests for stationarity, co-integration among homogeneous single integer series, and Granger causality. It is important to note that the stability of time series variables is crucial during this preliminary stage. We assess whether there exists a long-term co-integration relationship among single integer series of the same order, employing the Johansen system co-integration test methodology. The optimal lag order is determined through a comprehensive evaluation of F-statistic and p-value outcomes.



In our analyses, the F-statistic plays a critical role in assessing whether all explanatory variables collectively influence the response variables. The formula for the F-statistic is as follows:


  F =    the   square   sum   of   explanation /  p    residual   sum   of   squares / (  n − p − 1 )    



(2)







Herein, ‘the square sum of explanation’ encapsulates the extent of variability within the response variable that can be elucidated by the model, whereas ‘square sum of the residuals’ delineates the variability in the response variable that remains unaccounted for by the explanatory variables. The parameters ‘n’ and ‘p’ correspond to the total number of samples and the quantity of explanatory variables employed in the analysis, respectively.



For variable groups exhibiting stationarity following the Augmented Dickey-Fuller (ADF) test and demonstrating system co-integration, subsequent investigations involved the evaluation of Granger causality among these groups, with an emphasis on identifying those exhibiting predictive causality.



Regression Analysis with SPSS 20.0: Variables exhibiting predictive causality are then standardized and restructured according to the optimal lag order and subjected to regression analysis using SPSS 20.0. SPSS is instrumental in discerning the precise interrelationships among these variables. The regression coefficients derived from SPSS serve as the operative measures for establishing an action relationship matrix, thereby elucidating the intricate driving force mechanisms.



Network Analysis and Visualization with Gephi 0.9.2: Finally, the network analysis is conducted, and the resulting data are visualized using Gephi 0.9.2. Gephi allows us to present the complex interconnections among variables in a comprehensible visual format.



Coupling and Coordination Degree Model: In addition to Granger causality and regression analysis, we employ the coupling coordination degree model to assess the level of coordinated development between various elements. The coupling degree, in this context, quantifies the extent of interdependence, mutual influence, and reciprocal constraints among interconnected systems. The mathematical expression for calculating the coupling degree is as follows:


   Coupling   degree    =     ∑  i = 1   n          X   i   −   X  ‾        Y   i   −   Y  ‾         ∑  i = 1   n            X   i   −   X  ‾      2     ∑  i = 1   n            Y   i   −   Y  ‾      2       



(3)




where X and Y are two time series, respectively.     X  ‾    and     Y  ‾    are the averages of X and Y, respectively. n denotes the length of the time series. The coupling coordination degree model enabled us to measure the level of interaction and interdependence between our studied variables.



In summary, our research methodology involves a series of interrelated steps, including data integration, time series assessments, Granger causality testing, regression analysis, and the application of the coupling coordination degree model. This comprehensive analytical framework and these tools allow us to dissect the intricate relationships and mechanisms at play within the tele-coupling dynamics influencing orchard expansion in Pinghe County, Southeast China.






3. Results


3.1. Evolution Characteristics of Agricultural Economy and Orchard Expansion


As discerned from Figure 4, the agricultural production system in Pinghe County prior to the 1990s revolved around the cultivation of staple crops, vegetables, and fruits. Regrettably, during this period, the rate of income growth for farmers and the overall agricultural output value exhibited sluggish progression. It was not until the late 1980s and early 1990s that the local authorities, recognizing the potential for growth, actively encouraged farmers to transition towards cultivating sweet pomelo and fostering the fruit industry. A comprehensive analysis of extant literature underscores that the sweet pomelo orchard’s spatial extent expanded by 243.57 km2 between 1990 and 2000, experiencing a remarkable growth rate of 55.27% over the past three decades. This conspicuous expansion could be predominantly attributed to localized agricultural economic policies, which played an instrumental role in ushering Pinghe County into its present era of orchard-driven agricultural development.



In accordance with the categorization outcomes pertaining to sweet pomelo orchards detailed in Figure 5 of this investigation, the spatial extent of sweet pomelo orchards within Pinghe County, situated in the southeastern region of China, exhibited a noteworthy augmentation over the past two decades. Commencing in 2000, the sweet pomelo orchard area has undergone a substantial expansion, escalating from 245.07 km2 to 470.72 km2 by 2020, signifying an almost twofold increase (Table 4). The epicenter of this expansion primarily encompasses the peripheries of the Huashan River basin. This phenomenon has primarily transpired through the transformation of forested and arable lands into orchard terrain. Simultaneously, the proliferation of sweet pomelo trees within Pinghe County has given rise to a consistent upsurge in fruit production. The confluence of this agricultural expansion with the advent of commercial market accessibility and the concomitant evolution of the transportation and logistics sector post-2000 has led to a momentous amplification in orchard cultivation, concomitantly augmenting the earnings of local farmers and the overall agricultural output.



Empirical evidence further illustrates that subsequent to 2000, Hehe Guanxi pomelo’s supply ratio to the national market experienced a persistent ascent, ultimately capturing close to a one-third share of the entire market. The sweet pomelo industry has henceforth assumed a preeminent role in fostering rural economic advancement and augmenting the income levels of the rural populace within Pinghe County. The graphical representation in Figure 5 delineates a conspicuous correspondence between the temporal trajectories of agricultural output value, per capita income among rural residents, and sweet pomelo yield during the period spanning 2000 to 2020.




3.2. Driving Analysis of Rural E-Commerce Environment to the Agricultural System Development


Utilizing the methodological framework elucidated earlier, an initial step involved subjecting the variables to a unit root test, revealing their stability post-first-order differencing, thus ascribing them to a first-order single integer sequence. This characterization paved the way for the subsequent application of the Johansen system co-integration test, aimed at discerning the existence of a long-term co-integration relationship among these variables. Notably, the outcome underscored the presence of a co-integration relationship, thus affording the opportunity for a subsequent exploration through Granger causality analysis.



The multi-variable Granger causality test method is used to input the first-order single integer sequence that has passed the unit root and cointegration test into Maltab. By comparing the F statistics and p values of different lag periods, the lag period test result with the smallest p value is taken as the result, and the relationship between the p-value and 0.05 is compared to determine whether to reject the null hypothesis and conduct causality identification. Finally, a total of 22 causation relationships among the variables emerged, facilitating an elucidation of the driving forces and mechanisms governing the evolution of the agricultural system. These causative associations encompassed 6 groups of e-commerce environmental driving factors (denoted x→x), 2 groups of interrelated agricultural system variables (denoted z→z), 9 instances of e-commerce environmental driving factors exerting influence on agricultural system variables (denoted x→z), and 5 instances of agricultural system variables impacting e-commerce environmental variables (denoted z→x).



In adherence to a scholarly framework, an analysis employing linear regression is executed in concordance with the relevant lag order specifications. The resultant regression coefficient is thus derived to represent the quantitative interplay among variables. Subsequently, the matrix delineating variable interactions is constructed, allowing for the visualization of the mechanistic underpinnings via Gephi network analysis functionality., while the findings stemming from the network analysis are meticulously depicted in Figure 6.



Figure 6 illustrates the pivotal role played by the e-commerce platform in the context of intermediary centrality, superseded only by transportation. This observation underscores the substantial influence exerted by the e-commerce platform and transportation as instrumental bridges connecting various driving factors and agricultural system variables, thus serving as the primary conduits in the driving mechanism. Notably, three agricultural system variables exhibit the highest degrees of connectivity, sequentially: agricultural output value, farmers’ income, and fruit output. Among these, agricultural output value demonstrates a multifaceted susceptibility to multiple driving forces, with its impact reaching greater depths. When assessing the strength of influence, the connection between the e-commerce platform and agricultural output value emerges as the most robust, boasting a regression coefficient of 0.878. Subsequently, the relationship between network facilities and the e-commerce platform follows closely behind, with a regression coefficient of 0.856.




3.3. Analysis of Coupling between Rural E-Commerce Environment and Orchard Expansion


In the present investigation, we undertook the standardization of indicator data pertinent to the e-commerce environment system within the geographical confines of Pinghe County. Concurrently, we executed an assessment of the degree of coupling between the e-commerce environment system and the expanse of orchards. Through these meticulous procedures, we derived comprehensive indicators characterizing the e-commerce environment system and its interconnectedness, as measured by the coupling degree, with the orchard landscape. For more detailed information, please consult Table 5.



In accordance with the data presented in Figure 7, the comprehensive indicator denoting the “E-commerce Environment System” exhibits a consistent upward trajectory over the temporal domain, in stark contrast to the relatively stable fluctuations observed in the “Orchard Area”. Notably, spanning from 2000 to 2013, the “E-commerce Environment System” indicator demonstrates a persistent and uninterrupted ascent, ultimately culminating in its zenith in 2014. This conspicuous augmentation can be ascribed to propitious market conditions and diligent policy support. This upward surge is intrinsically linked to the proliferation and maturation of internet-based commerce within rural territories. Simultaneously, the orchard area has exhibited a persistent expansion over the temporal continuum. Between 2000 and 2010, growth persisted steadily, with an accelerated rate experienced between 2006 and 2007. Subsequent to 2010, the pace of growth has decelerated, albeit with the orchard area maintaining relative constancy.



As delineated in Figure 8, the concomitant evolution of the e-commerce environment system and the land use system is discernibly demarcated into three distinct phases. During the interval from 2000 to 2006, a gradual augmentation in their interconnection became evident. However, within the time frame encompassing 2006 to 2016, fluctuations manifested, including a conspicuous nadir in 2014. The primary impetus behind this descent can be attributed to the rapid expansion of the e-commerce environment system during this phase, coinciding with a saturation point in the enlargement of the land use system’s spatial expanse. From 2016 to 2020, the coupling coordination between these two systems perceptibly rekindled, achieving a relatively consistent plateau in 2020. This observation attests to a congruous developmental trajectory shared by these two systems.





4. Discussion


Since the initiation of market reforms in the early 1990s, the transformation of China’s agricultural land has been profoundly influenced by the relentless tide of urbanization [14]. In the case of Pinghe County, situated along China’s southeastern coastline and renowned for its prominent sweet pomelo production, the dynamics of agricultural land use have experienced a radical shift, propelled by poverty alleviation initiatives and the advancement of market-oriented economic paradigms. This transformation witnessed the conversion of vast expanses of forestlands and arable terrain into thriving orchards, effectively supplanting traditional grain cultivation with the cultivation of high-value cash crops, notably the sweet pomelo. Consequently, the agricultural landscape in Pinghe County has undergone a marked transformation, exemplified by the conspicuous emergence of non-grain agricultural land, concomitant with substantial augmentations in farmers’ income levels.



The noteworthy rise in both per capita disposable income among rural residents and urbanization rates has, in turn, catalyzed the development and proliferation of this non-grain agricultural sector [44].



Consequently, the aforementioned analysis substantiates our first hypothesis, affirming that orchard expansion exerts a favorable influence on the economic advancement of the agricultural system.



However, it is essential to acknowledge that the conversion of agricultural land into orchards, spurred by market dynamics, can exert substantial pressures upon local ecosystems, leading to a multitude of environmental issues: Excessive Agricultural Input and Environmental Impact: The transition to orchards has often entailed the intensive use of agricultural inputs such as fertilizers and pesticides. The pursuit of high fruit yields has led to excessive use of these inputs, causing imbalances in soil nutrients and potential contamination of surrounding ecosystems [45]. Over-reliance on chemical inputs can disrupt ecological equilibrium and pose risks to both human health and the environment. Nitrate Pollution in Water Bodies: The intensified agricultural practices in orchards, especially the application of nitrogen-rich fertilizers, have contributed to elevated nitrate concentrations in local water bodies [46]. Excess nitrate in water can lead to water pollution, with adverse effects on aquatic life as well as health concerns for human populations relying on contaminated water sources [47]. Heavy Metal Contamination: Furthermore, the use of pesticides and other agricultural chemicals in orchards may result in heavy metal contamination of soils [48]. This contamination can persist in the environment, affecting not only the local ecosystem but also posing potential health risks when heavy metals accumulate in food crops [49].



These negative environmental consequences of orchard expansion must be carefully considered and addressed to achieve a more balanced and sustainable agricultural landscape. Encouraging sustainable agricultural practices, diversifying crop portfolios, and implementing stricter regulations on the use of agricultural inputs are vital steps in mitigating these environmental challenges.



Within this intricate web of causality, it became evident that the drivers of the e-commerce environment and the variables comprising the agricultural system establish a multifaceted, many-to-many relationship. Notably, the e-commerce environment exercises its influence on the burgeoning sweet pomelo industry in Pinghe County through four distinct dimensions: transportation, logistics development, network infrastructure, and the e-commerce platform. Remarkably, the e-commerce platform emerges as the nexus of highest nodal connectivity, closely trailed by transportation, logistics development, and network facilities, which exhibit comparatively lower nodal outputs. This discernment underscores the prominence of the e-commerce platform and transportation as primary influencing factors, intimately intertwined with a broader array of agricultural system variables. Consequently, our analysis substantiates the validation of research hypothesis 2, affirming that the rural e-commerce environment promotes the economic development of the agricultural system.



It is essential to acknowledge that the establishment of network facilities has stimulated local transportation and logistics sectors, thereby propelling the development of e-commerce platforms to a certain extent. The concurrent evolution of e-commerce platforms and the transportation and logistics industry has, in turn, propelled the growth of agricultural output value. This assemblage of variables implicitly underscores the economic advantages resulting from the expansion of orchard acreage driven by the maturation of the e-commerce environment, prominently manifested in the transformation of arable land initially allocated for food crop cultivation into fruit production. In light of this analysis, the validity of hypothesis 3 is firmly substantiated, namely, that e-commerce platforms wield a more pronounced influence on agricultural system development when contrasted with traffic logistics and network infrastructures.



The interconnection between urban and rural areas, particularly with regard to alterations in agricultural land use, is established through the intricate web of agricultural product circulation. This multifaceted system fosters dynamic interactions spanning social, economic, and environmental dimensions across vast geographical distances. Although urban inhabitants may not exert a direct influence on the rural ecological milieu, their market-driven demand for a diverse array of foodstuffs has a considerable impact on rural landscapes, prompting consequential shifts in agricultural land utilization. These transformations have profound socioeconomic and environmental implications.



This assertion underscores the imperative of transitioning from a narrow geographical vantage point to a broader geospatial network perspective in the realm of geographic research. Such an approach contributes substantively to the cultivation of a deeper understanding of the intrinsic mechanisms governing the tele-coupling phenomenon between humans and the land, as articulated in prior scholarship [50].



The excessive exploitation of agricultural space has the potential to encroach upon ecological territories, resulting in a diminishment of forested regions and cultivated land, which, in turn, poses potential threats to both food security and biodiversity [43]. These ecological ramifications merit careful consideration, particularly in the context of orchard expansion driven by rural e-commerce.



In comparison to local coupling, human-earth system interactions in remote coupling follow a more indirect pathway, with their impact effects being somewhat concealed [18]. When the countryside serves as the sending system and urban areas as the receiving system, the expansion of orchard acreage through remote coupling entails a sequential process. The demand for agricultural products from urban residents fundamentally influences transaction volumes and price dynamics. This market-related information, encompassing transaction data and pricing, subsequently circulates back to rural areas through a variety of channels, including the market distribution system, governmental policies, news media, professional advisory institutions, and informal communication networks.



Several studies have demonstrated the informality engendered by commerce and its adverse repercussions on rural habitats [4]. Rural inhabitants make decisions regarding land use based on market information and their familiarity with local environmental resources such as light, heat, water, and soil conditions. Additionally, they factor in production elements such as labor, capital, and technology in their efforts to cultivate crops and generate agricultural goods for urban market consumption. Market mechanisms can provoke alterations in rural production patterns when urban areas undergo social and economic transformations or policy reforms. These shifts can consequently result in changes in agricultural production, land utilization, and other input parameters.



Utilizing the land system within China’s principal sweet pomelo production areas as a case study, predicated on remote sensing data sources, this manuscript extensively addresses pertinent scientific inquiries regarding the causal link between the e-commerce environment and the proliferation of orchard acreage. Additionally, it delves into the intricate nexus between alterations in agricultural systems and associated human-land coupling dynamics through empirical investigations, corroborating theoretical postulations posited in prior scholarship [7]. Furthermore, this study casts illumination upon the dynamic interplay between the impetus engendered by e-commerce-driven rural development and transformations in land utilization, thereby furnishing invaluable insights into the multifaceted repercussions stemming from the integration of technology within the agricultural domain.



However, it is of paramount importance to acknowledge that the conversion of agricultural land into orchards, spurred by market dynamics, can exert substantial pressure on local ecosystems. For instance, the ill-considered reclamation of land driven by market forces may precipitate the degradation of regional ecological environs, thereby heightening the risk of a crisis within the rural ecological milieu [3]. It is therefore imperative to encourage agricultural practitioners to diversify their crop portfolio beyond cash crops like sweet pomelo. The promotion of crop rotation and intercropping strategies can enhance soil health and ameliorate the ecological footprint associated with monoculture orchards [51]. This holistic approach stands poised to mitigate the environmental externalities attendant to extensive orchard cultivation, ultimately contributing to the cultivation of a more balanced and sustainable agricultural landscape.




5. Conclusions


The incorporation of technological advancements into the agricultural sector has significantly transformed food transportation and farming methodologies, reshaping the interplay between humanity, land, and the utilization of water and soil resources. The first hypothesis posited that orchard expansion exerts a favorable influence on the economic advancement of the agricultural system. Our empirical investigation, centered in Pinghe County, China, supports this hypothesis by demonstrating how transitioning from conventional crops to cash crops, primarily driven by socio-economic determinants, yields economic advantages. However, this expansion also presents substantial challenges to the sustainable equilibrium of rural landscapes. The pursuit of equilibrium between economic growth and environmental preservation necessitates a judicious examination of trade-offs and the integration of sustainable practices.



Furthermore, the second hypothesis suggests that the rural e-commerce environment promotes the economic development of the agricultural system. Our findings confirm that e-commerce-driven orchard expansion is intricately linked to the evolving agricultural landscape, with market dynamics, shifting consumer preferences, and agricultural policies playing crucial roles. This expansion underscores the need for diversification of agricultural pursuits, the adoption of eco-friendly certifications, and active engagement with local communities to navigate the evolving agricultural terrain.



Hypothesis 3 proposes that e-commerce platforms wield a more pronounced influence on agricultural system development when contrasted with traffic logistics and network infrastructures. Our study validates this hypothesis by highlighting the pivotal role of e-commerce in driving rural development and expanding orchard acreage. To achieve a sustainable balance, strategies should be explored to enhance economic resilience in rural communities amidst market volatility.



The fourth hypothesis postulated a tele-coupling nexus between the progression of the rural electronic commerce milieu and the amplification of orchard acreage. This study underscores the imperative of harmonizing economic growth with environmental conservation, emphasizing the potential challenges engendered by unbridled land reclamation driven by market forces. It furnishes invaluable insights for the formulation of sustainable land use strategies and rural development initiatives.



Future research should delve into the long-term sustainability of e-commerce-driven orchard expansion. An expanded purview into the ecological ramifications of orchard expansion is warranted, encompassing detailed investigations into the effects on specific species, local biodiversity, and the provisioning of ecosystem services. This holistic approach will yield a nuanced comprehension of the environmental consequences. Moreover, research should delve into strategies designed to enhance the economic resilience of rural communities in the face of market volatility, encompassing diversification of income streams, value-added processing of agricultural products, and measures to mitigate income disparities.
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Figure 1. Location of this study area and its land use in 2020. 
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Figure 2. The methodological framework for driving force analysis of orchard area change. 
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Figure 3. Remote sensing extraction of orchards on the GEE platform. 
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Figure 4. Pinghe County agricultural economic indicators. Notes: (a): Fruit yield (ten thousand tons); (b): Grain yield (ten thousand tons); (c): Total agricultural output value (ten thousand yuan); (d): Income of rural residents (yuan). 
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Figure 5. Spatiotemporal changes in the distribution of sweet pomelo plantations. 
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Figure 6. Connectivity of variable nodes. Node size represents the level of outdegree, and arrow thickness indicates the magnitude of interaction strength (a) weighted indegree (b) betweenness centrality (c) outdegree. 
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Figure 7. Trends in Indicator Changes in the E-commerce Environment System and Land Use System. 
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Figure 8. Trends in Coupling Degree Variation from 2000 to 2020. 
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Table 1. Hypothesis-Indicator Associations.
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	Hypothesis
	Associated Indicators





	Hypothesis 1
	Orchard area, total agricultural output, and per capita disposable income



	Hypothesis 2
	Transportation infrastructure, logistics development, network accessibility, and e-commerce platforms



	Hypothesis 3
	Transportation infrastructure, logistics development, network accessibility, and e-commerce platforms



	Hypothesis 4
	Orchard area, transportation infrastructure, logistics development, network accessibility, e-commerce platforms










 





Table 2. The driving force index system of e-commerce for the agricultural system.
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Primary Index

	
Secondary Index

	
Tertiary Index

	
Index Positivity

	
Data Source






	
E-commerce environment drivers

	
Transportation x1

	
Z1: Highway density

	
Positive

	
Statistical Bulletin on the Development of the Transport Industry (2008–2020)




	
Z2: Number of cargo vehicles

	
Positive

	
Statistical Bulletin on the Development of the Transport Industry (2008–2020)




	
Logistics Development x2

	
Z3: Number of employments in the logistics industry

	
Positive

	
Statistical Yearbook of Fujian Province (2000–2020)




	
Z4: Logistics network coverage

	
Positive

	
Field investigation




	
Z5: Total volume of post and telecommunications

services

	
Positive

	
Statistical Yearbook of Fujian Province (2000–2020)




	
Network Facilities x3

	
Z6: Number of broadband accesses users

	
Positive

	
Statistical Yearbook of Fujian Province (2000–2020)




	
Z7: Number of broadband-connected villages

	
Positive

	
Statistical Yearbook of Fujian Province (2000–2020)




	
Z8: Investment in Internet fixed assets

	
Positive

	
Statistical Yearbook of Fujian Province (1990–2020)




	
e-commerce

platform x4

	
Z9: Number of fruit sales platforms

	
Positive

	
China Digital Economy Report 2001–2020)




	
Z10: Network coverage of e-commerce service points

	
Positive

	
China Digital Economy Report 2001–2020)




	
The Agricultural

System

	
Agricultural

economy y1

	
Z11: Total agricultural output value

	
Positive

	
Pinghe County Statistical Yearbook (2006–2020)




	
Z12: Per capita disposable income of rural residents

	
Positive

	
Pinghe County Statistical Yearbook (2006–2020)




	
Land ultilization y2

	
Z13: Orchard area

	
Positive

	
Image processing

via GEE platform




	
Z14: Fruit yield

	
Positive

	
Pinghe County Statistical Yearbook (2006–2020)











 





Table 3. The weight of the E-commerce environment drives force indexes.






Table 3. The weight of the E-commerce environment drives force indexes.





	
Index

	
Transportation X1

	
Logistics Development X2

	
Network Facilities X3

	
E-Commerce Platform X4




	
Z1

	
Z2

	
Z3

	
Z4

	
Z5

	
Z6

	
Z7

	
Z8

	
Z9

	
Z10






	
Weight

	
0.13

	
0.31

	
0.25

	
0.29

	
0.06

	
0.31

	
0.31

	
0.30

	
0.50

	
0.49








Notes: See Table 2 for the meaning of the Tertiary index code.













 





Table 4. Classified area statistics of sweet pomelo orchards in different periods.






Table 4. Classified area statistics of sweet pomelo orchards in different periods.





	Year
	Categorized Area/km2
	Time/Year
	Increased Area/km2
	Increased Percentage





	2000
	245.07
	-
	-
	-



	2005
	265.47
	2000–2005
	20.39
	9.05%



	2010
	319.61
	2005–2010
	54.14
	23.99%



	2015
	428.31
	2010–2015
	108.70
	48.17%



	2020
	470.72
	2015–2020
	42.41
	18.79%










 





Table 5. Coupling Analysis between E-commerce Environment and Orchard Area.






Table 5. Coupling Analysis between E-commerce Environment and Orchard Area.





	Year
	Indicators of E-Commerce Environment (X)
	Orchard Area (Y)
	(min (X, Y))
	X + Y
	Coupling Degree (C)





	2000
	1.2938
	0
	0
	1.2938
	0



	2001
	1.3369
	0.0488
	0.0488
	1.3857
	0.0705



	2002
	1.3643
	0.0977
	0.0977
	1.4620
	0.1336



	2003
	1.3018
	0.1466
	0.1466
	1.4483
	0.2024



	2004
	1.2625
	0.1954
	0.1954
	1.4579
	0.2681



	2005
	1.2648
	0.2443
	0.2443
	1.5091
	0.3238



	2006
	1.2613
	0.2932
	0.2932
	1.5545
	0.3772



	2007
	1.24866
	0.5989
	0.5989
	1.8476
	0.6483



	2008
	1.2619
	0.6096
	0.6096
	1.8715
	0.6514



	2009
	1.325
	0.7094
	0.7094
	2.0345
	0.6974



	2010
	1.3650
	0.6595
	0.6595
	2.0245
	0.6515



	2011
	1.4285
	0.6562
	0.6562
	2.0848
	0.6295



	2012
	1.3464
	0.7354
	0.7354
	2.0818
	0.7065



	2013
	1.3846
	0.7846
	0.7846
	2.1692
	0.7234



	2014
	1.8575
	0.7716
	0.7716
	2.6292
	0.5870



	2015
	1.3077
	0.6531
	0.6531
	1.9609
	0.6661



	2016
	1.4521
	0.6214
	0.6214
	2.0735
	0.5993



	2017
	1.4157
	0.7232
	0.7232
	2.1389
	0.6762



	2018
	1.3940
	0.7543
	0.7543
	2.1483
	0.7022



	2019
	1.3633
	1
	1
	2.3633
	0.8462



	2020
	1.3633
	1
	1
	2.3633
	0.8462
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