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Abstract

:

This paper presents an analysis of the land use and land cover change (LUCC) of major infrastructure construction as exemplified by the case of Hangzhou International Airport (HIA, Hangzhou, China), which is one of the busiest airports in Eastern China. The airport’s effect on LUCC is evaluated by comparing the actual pattern from 1996 to 2001 with a counterfactual simulated land use pattern that would have occurred without the intervention of airport construction. This research is based on land use maps from Landsat images that were analyzed by supervised classification and visual interpretation. To simulate the land use pattern occurring without airport construction, the counterfactual, we applied a cellular automata (CA)–Markov model. Through before and after comparison, we found that cultivated land has decreased and that constructed land has increased because of airport construction. However, according to the counterfactual scenario, airport construction to some extent prevented a decrease in cultivated land and decelerated the expansion of constructed land at a small scale and in the short term. We discuss several reasons for this result, including governmental regulations, such as the setting of the airport clearance area for the safety of plane take-off and landing, the adverse effects of aviation noise or pollution, which may limit the construction activities in the surrounding areas of the airport, and, importantly, the unique land use and land management system in China, mainly the cultivated land requisition-compensation balance policy. We conclude that (1) the counterfactual CA–Markov model simulation is a suitable and unbiased way of evaluating the effect of infrastructure on LUCC that can solve the deficiency in the previous literature relying on before and after comparisons and (2) regulatory, economic, and institutional factors should be considered when explaining and assessing the LUCC due to large infrastructure projects, such as airports, in China and in other countries.
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1. Introduction


Large-scale infrastructure constructions have regained attention in both developed and developing countries in recent years. An example is the Silk Road Economic Belt and the 21st-Century Maritime Silk Road (referred to as the Belt and Road Initiative, or R&B) proposed by China in 2013 [1], which aim to connect Asia, Africa, and Europe, including developed and developing countries, through traffic infrastructure. As the elementary physical and organizational structure needed for the operation of a society or enterprise [2] or the services and facilities vital for a society or economy to function [3], infrastructure has a close relationship with socioeconomic development [4,5]. Research based on historical cross-country data has found a significant positive association between infrastructure investments and economic growth in the long run [6,7,8]. The construction and the very operation of infrastructure require a considerable input of labor, capital, and land resources, which may be viewed as a way of increasing employment and capital investment in both the short term and the long run [9,10]. Hence, infrastructure construction will affect the level and distribution of income of the laborers [11]. In particular, enhancing the transport network can increase the output per labor force by reducing the commuting time [12], which can indeed accelerate the speed of social and economic activities.



However, infrastructure is not a panacea without side effects, especially considering that it is not only related to the socioeconomic system but also embedded in the natural system. For instance, the Three Gorges Dam has had significant negative impacts on biodiversity and ecosystem properties in the local region [13]; roads and traffic also impact the fragmentation of habitat in addition to connecting different regions [14,15]; and a light rail transit system can worsen the ecological environment and threaten the health of human beings [16]. Therefore, infrastructure is a double-edged sword that can not only bring welfare for human society but also induce negative effects on the natural system. The influence of infrastructure on land use and land cover change (LUCC) is a typical example [17]. Since land is the main carrier of physical infrastructure, the construction of infrastructure usually has to occupy an amount of land resources. In addition, the operation of infrastructure can remold the traffic or economic location pattern, which will ultimately lead to a land use conversion for a high economic output per unit land area.



Indeed, many studies have discussed the influence of infrastructure on LUCC [18,19], and they share three features: (1) dividing the effect of infrastructure into the direct effect and the spillover effect [20], for example, a new highway can impact the connected area and surrounding regions by improving the accessibility [21]; (2) paying attention to the short-term or long-term effect [22], for example, the urban areas adjacent to rail networks increased with the expansion of railways before the 1920s and shrunk afterwards in France, Spain, and Portugal [23]; and (3) treating the differences in LUCC before and after infrastructure construction as the effects of infrastructure [24], for instance, by comparing the land use pattern before and during the construction of the Suvarnabhumi International Airport in Thailand, where the urban area expanded a lot [25]. One of the key problems in those studies is not considering the dynamics of land use change regardless of the intervention of infrastructure. Thus, the traditional way of evaluating the effect of infrastructure on LUCC through before and after comparison may be biased. In addition, many types of physical infrastructure, such as roads, railways, and dams, have been discussed in the previous literature; however, it has seldom focused on airports [25].



Therefore, to compensate for this research deficiency and to close this research gap, Hangzhou International Airport (HIA, Hangzhou, China), one of the busiest airports in Eastern China, was chosen as our research object due to its dramatic growth in traffic and freight volume as well as the extensive land use change that have occurred in the surrounding areas. Airports are significant transportation and logistics hubs [26]. They can provide connecting services for socioeconomic activities and attract business, commerce, or industry to the place at their periphery [27], which may ultimately result in land use changes. In addition, after the rapid development of high-speed railways and high-speed roads, airport constructions will be the next point for infrastructure expansion in China [28]. Therefore, focusing on airports and trying to evaluate their effect on LUCC can be a good entry point, and the research findings will also be of practical significance for China and for other developing or developed countries.



In the following, a brief introduction of HIA and the corresponding data is given in Section 2. Section 3 explains the methodology for detecting the land use pattern and the way of simulating the land use pattern without the intervention of airport construction. The results in Section 4 show the land use change before and after airport construction, as well as the effect of the airport on LUCC through the simulation method of evaluation. The findings are discussed in Section 5, mainly considering the characteristics of the land use and land management system in China. Some conclusions are finally drawn in Section 6.




2. Study Area and Data


2.1. Airport Overview and Study Area


HIA, one of the main international airports in the Yangtze River Delta in China, currently covers an area of 10 km2 in Xiaoshan District and is located 25 km away from the main center of Hangzhou in Zhejiang Province (Figure 1). The construction of HIA can be divided into three stages, as designed at the initial stage: the first phase of construction started in July 1997 and came into service in December 2000; the second phase began in November 2007, with operations beginning in December 2012; and the third phase is scheduled to be launched in 2035. Before airport construction, the study area was dominated by cultivated land, and the life style was mainly characterized by farming. However, after construction, this area developed into a transportation hub in Eastern China, and by the end of 2016 the annual passenger throughput reached 30 million and HIA was ranked as one of the world’s busiest airports (http://mt.sohu.com/20161218/n476225730.shtml). This tremendous change after construction qualifies HIA as a good case for the study of an airport’s effect on LUCC.



To analyze the effect of HIA on LUCC or the ecological environment, four adjacent towns, Guali, Jingjiang, Nanyang, and Kanshan, were selected as the study area. These towns both intersect with the range of HIA and constitute the main part of the Hangzhou Airport Economic Zone surrounding HIA (http://kg.xsnet.cn/html/ghjs/yqgh/) (Figure 1). Thus, we mainly focus on the effects of the airport on LUCC in the close vicinity of the airport. In addition, we focus on only the first-phase construction of HIA from 1997 to 2000, because if considering the second phase, then the effect of the airport on LUCC will be a mix between those two periods. Notably, the analysis of HIA in the following represents only the first phase, and regarding the research area and time horizon, the effect of airport construction on LUCC discussed in this study focuses on merely the small scale and the short term.




2.2. Data Sources


In line with the start and end time of the first phase of construction from 1997 to 2000, Landsat (https://landsat.usgs.gov/) Thematic Mappers (TM) in 1996 and 2001 were collected. Between them, 1996 represents the land use status before airport construction, while 2001 depicts the land use pattern after airport construction. In addition, TM images in 1986 and 1991 were chosen for the simulation in 1996 and images in 1991 and 1996 were selected for the simulation in 2001. The simulated land use pattern in 1996 was used to compare with the interpretation in 1996 to evaluate the accuracy of the simulation method adopted in this study. The comparison of the simulated and interpreted land use pattern in 2001 was treated as the effect of airport construction on LUCC. All TM images were taken with the path/row: 119/39 for Landsat 3 and Landsat 5. The exact times the images were taken were 8 July 1986, 15 August 1991, 23 August 1996, and 4 October 2001 (http://www.gscloud.cn). They have a 30-m ground resolution (except for the thermal IR band (band 6), which has a 120-m resolution), and all cloud cover is under 5%.





3. Methodology


3.1. Land Use and Land Cover Interpretation


The land use and land cover patterns for 1986, 1991, 1996, and 2001 were derived from TM images by interpretation. Many interpretation techniques have been developed, but no single approach or algorithm is a panacea for all cases [29]. The implementation of the interpretation method depends on the data set itself [30]. Given that the image resolution is low and the number of bands is adequate, supervised classification was the main method applied to classify the land use type from TM images [31,32]. First, the land use classification system proposed by Liu [33], who classified land use types into six primary land types in China, i.e., cultivated land, forest, grassland, urban and rural constructed land, water, and unused land [34,35], was adopted and modified according to the natural characteristics of the study area. Specifically, (1) unused land was abandoned because in this case, there is no unexploited land; (2) road land was proposed as a new type for the linkage or interactive analysis with the constructed land in the following context; and (3) urban and rural constructed land was redefined as constructed land excluding road land. Therefore, the research area was interpreted and classified into six categories: cultivated land, forest, grassland, road, constructed land, and water (Table 1). Then, the training site areas for each class were selected in terms of polygonal training data, and 43 training site areas were determined for all classes through human–computer interaction. Based on the training site areas, the maximum likelihood algorithm was executed to classify the whole TM image into six predefined categories. In addition, to separate the road and constructed land precisely and improve the accuracy of land use mapping, visual interpretation was integrated with the supervised classification result since, in visual interpretation, the human mind is excellent at interpreting spatial attributes and able to identify obscure or subtle features [36] and it is easy to figure out the road due to its linear attribute under naked eyes.



Before concluding with the interpreted land use classes, an accuracy assessment was conducted by randomly choosing 300 ground-based points to represent different land use classes for four classified land use maps. The accuracies of the use and the producer were 90.1% and 82.7% in 1986, 89.6% and 84.5% in 1991, 92.4% and 82.3% in 1996, and 93.7% and 83.5% in 2001, respectively. The overall accuracy reached a high level of 80.7%, 81.3%, 80.6%, and 82.1% in 1986, 1991, 1996, and 2001, respectively. Thus, the accuracy of the interpretation results is suitable for further analysis and discussion [32].




3.2. Counterfactual Analysis and the Cellular Automata (CA)–Markov Model


3.2.1. Counterfactual Analysis


In light of the research objective, we follow the idea of counterfactual analysis, which tries to evaluate the effect of a policy on the economy or society through the comparison of fact and counterfact [37]. The fact refers to the status after the implementation of the policy over a period of time, while the counterfact represents the status without the execution of the policy during the same time. The difference between fact and counterfact is the “treatment effect”, which depicts the influence of the policy [38,39,40]. Similarly, the land use pattern after the construction of HIA is the fact, and if we can create a counterfact of the land use pattern that hypothesizes without the intervention of airport construction, then the variance of fact and counterfact is the effect of airport construction on LUCC. Therefore, the key point here is to determine a counterfactual land use pattern that never existed. The simulation of the land use change is a possible way.



In Figure 2, the picture on the left (panel a) is the traditional way of evaluating the impact of infrastructure on LUCC through before and after comparison. The picture on the right (panel b) is the counterfactual method (or simulation method) of evaluating the influence of infrastructure on LUCC by comparing the land use pattern after construction (fact) and the simulated land use pattern (counterfact). The intervention of airport construction disturbed the inherent tendency of the land use change, having a violent impact on the study area. Without the construction of HIA, we assume that the land use pattern would change following the inherent trend of the past. The land use pattern during the same construction period can then be simulated according to the historical spatial-temporal land use change by a cellular automata (CA)–Markov model. Note that the dotted line between A and B in panel b does not necessarily mean a linear change; it just represents that the land use will change following the tendency of the past.




3.2.2. CA–Markov Model


Some studies suggest that land use change is a process with typical Markov properties [41], and a Markov model based on these properties can be used to predict the next status by taking into account the past states [42]. Due to its ability to quantify the conversion among various classes of land use as well as their transfer rate [43], a Markov model can predict the land use change at time t + 1 based on the quantity structure of land use at time t through a conversion probabilities matrix derived from the previous land use conversions among each land use class [44]. This method is appropriate for quantity predictions of land use change [45], but it has a limited capacity in spatial terms because it ignores the change in spatial patterns [46]. The CA is a dynamic and synchronous model where the cell’s state and its neighborhood situation at the current point in time decide its state at the next moment. It has a strong capability to handle the spatiotemporal dynamic evolution within complex spatial distribution systems [47]. Through the local interaction of land units that are based on the transition rule that the state of a land unit at the next stage is determined by its state at the present time as well as its neighborhood situation, a CA model can model the dynamics of land use change from the bottom up over several iterations. However, it is difficult to achieve a “top-down” macro land use pattern and to accurately determine the quantity change in land use [48].



Therefore, by combining the two models as a CA–Markov model that can compensate for the shortcomings of each model and integrate their respective advantages [49], we are able to predict the spatial distribution and the quantity structure of land use change and to realize the local and global dynamic simulation [50,51]. According to the historical land use data (e.g., from 1991 to 1996), the quantities and proportions of conversion among each land use type can be extracted with Markov chain analysis. This conversion information includes the transition probabilities among various classes of land use change as well as the transition area among them, which were treated as a transition probability matrix and a transition area matrix, respectively. The transition probability matrix serves as the transition rule under the CA model, and the transition area matrix is the guideline for the quantitative transformation for simulating land use change (e.g., from 1996 to 2001). In addition, the data of slope extracted from the digital evaluation model (DEM) maps with 30-m resolution and the data of distance to roads, rivers, and urban areas derived from interpreted land use and land cover maps were combined to produce the land use suitability maps. Besides, the number of iterations was set as 5, which is consistent with the time interval in the research period, and the standard 5 × 5 contiguity filter was used as the neighborhood definition under CA. The simulation process of land use change was carried out using IDRISI software (https://clarklabs.org/) and is listed in Figure 3.




3.2.3. Simulation Accuracy Verification


Before discussing the simulation method of evaluation, it is necessary to validate the effectiveness of the model through accuracy verification for further research. To that end, two ways of accuracy verification were applied: the one-to-one cell basis and the overall comparison method [52]. The one-to-one cell basis focuses on calculating the similarity of the simulation and the interpretation through a point-by-point comparison, and the Kappa coefficient is a suitable index to reflect this similarity [53]. The overall comparison method emphasizes the global similarity of the pattern, and the total amount of land use types was compared in this study.






4. Results


4.1. Interpreted and Simulated Land Use and Land Cover Maps


Based on the above methods, the interpreted or simulated land use pattern of different years can be achieved (Figure 4). Figure 4a–d were derived from TM images and reflect the empirical land use pattern in each year. Figure 4e,f depict the simulated land use pattern in 1996 and 2001. Between them, the empirical land use pattern simulation is based on the interpretation of 1986 and 1991 and is used to validate the accuracy of the model, and the simulated land use pattern is grounded in the interpretation of 1991 and 1996 and is used to evaluate the effect of airport construction on LUCC.



The interpretation and simulation of the land use pattern in 1996 were compared, and the variance between them can reflect the accuracy of the CA–Markov model adopted in this study to a large extent. According to the simulation and interpretation in 1996, the value of the Kappa coefficient between them is 0.7873 at the 1% level of significance, which means that the accuracy of the simulation is acceptable. Furthermore, Table 2 lists the quantity variance of the land use types under simulation and interpretation and shows that, from the perspective of the change ratio, except for roads, the difference between them is very small compared with the base. Therefore, the CA–Markov model is considered suitable in this study.




4.2. Comparison before and after HIA Construction (Traditional Method of Evaluation)


The spatial pattern of land use before and after the construction of HIA has changed significantly as compared in Figure 4c,d. After airport construction, the newly increased constructed land was mainly placed within the range of HIA and was blocked at the southwest region of the study area, which is approximately 3.5 km away from HIA and is located in surrounding forest land (it is a mountain with forest and is surrounded by newly residential land as shown in a high-resolution remote sensing image in Google Earth (https://earth.google.com/web/)). Meanwhile, the decreased cultivated land is also concentrated in these areas, while the new grassland is concentrated in the range of HIA as ancillary land for airport construction, and the new road land is mainly composed of airport roads within the airport and the expressway connecting the main center. In the range of HIA, the land is dominated by planted grassland, constructed land, and roads after the intervention of HIA construction.



In terms of the quantity change in land use (Table 3), after airport construction, the cultivated land, forest, and water in the study area decreased by 465.21, 39.51, and 45.05 ha from 1996 to 2001, respectively. The reduction in those land use types was mainly developed for transformation, thus illustrated as the increasing grassland (from 0 ha to 201.70 ha), constructed land (from 3568.01 ha to 3733.47 ha), and road (from 100.22 ha to 282.83 ha). However, in 2001, cultivated land remained the main type of land use in the study area (at 56.17%) followed by constructed land, water, forest, and road.



The details of conversion among the various land use types can be further found in Table 3. For instance, approximately 1535.65 ha of cultivated land were converted and compose the major part of the newly constructed land during airport construction. This finding means that the major loss of cultivated land occurred mainly due to the massive occupation of newly constructed land while approximately 1215.42 ha of constructed land were transferred to cultivated land at the same time, which means that a massive amount of constructed land has been reclaimed as cultivated land. The main reason is that airport construction caused land expropriation, with the result that some villages and towns were reclaimed as cultivated land. The transfer between cultivated land and constructed land is the major feature of the land use change during this period.



The LUCC shown above reflects both the spillover and direct effects of airport construction on LUCC without separating the direct occupation of airport construction, which is too large to be ignored. Admittedly, the land use change within the study area cannot exactly and completely represent the spillover effect of airport construction on LUCC because it is hard to evaluate/incorporate the influence of airport construction on the wider area. However, with regard to the scope of the impact of airport construction, which itself is an unfixed problem [54], the presented analysis clearly shows the spillover effect of HIA. The quantity changes in land use within the range of HIA are illustrated in Table 4. During the research period, cultivated land just disappeared, while grassland increased 201.71 ha from scratch, and constructed land and road increased 28.96 and 85.30 ha, respectively. Therefore, the direct effect of HIA on LUCC resulted in the conversion of natural land use (mainly composed of cultivated land before airport construction) to converted land use (dominated by planted grassland, constructed land, and road after airport construction).



In brief, from the traditional perspective, the effect of HIA construction on LUCC results in a massive decrease in cultivated land and a large increase in converted land, which is mainly composed of constructed land, road, and grassland. The land use change within the vicinity of the airport is particularly extensive, and the intervention of the airport also stimulated the agglomerative development of constructed land, which means that most of the new constructed land was in the range of HIA.




4.3. Comparison between Interpretation and Simulation in 2001 (Simulation Method of Evaluation)


We compared the quantity variance of land use types between the simulation and interpretation in 2001 and the results listed in Table 5. From the percentage perspective, the difference between the simulation and interpretation is not notable. Almost all of the percentage variance is under 3% except constructed land. The reason for this finding may be that the total study area is large enough to alleviate the variance of airport construction on LUCC. However, if we focus on the area variance, the comparison results are very interesting and meaningful. The simulated data of cultivated land, forest, and road are less than the reality, while the data for constructed land and water are larger than the reality. This result implies that if the land use change had followed the previous tendency and no intervention of airport construction had taken place in the study area, then cultivated land would have decreased by more than 82.07 ha, constructed land would have increased by more than 408.49 ha, less than 136.42 ha of road would have been developed, and extraordinarily, grassland may never have emerged compared with the scale of it in reality in 2001.



In addition to the variation in quantity, the spatial distribution of land use types also differs (Figure 4). Compared to the spatial distribution pattern of land use after airport construction (Figure 4d,f), which has been discussed above, the simulated land use pattern varies. As shown in Figure 4f, cultivated land is still the dominating land use type in the range of HIA, and no grassland exists within it; in the whole study area, there is no obvious agglomerative development of constructed land compared to the reality, and the newly increased constructed land mainly sprawls out through building on the original location of the constructed land, as shown in Figure 4b,c, while cultivated land shrank and was gradually nibbled away by the original constructed land. These results imply that the construction of HIA resulted in the agglomerative development of constructed land and a concentrated decrease in cultivated land.



In short, from the counterfactual perspective, the intervention of HIA construction has decelerated the decrease in cultivated land and limited the increase in constructed land dramatically.




4.4. Variance of the Two Different Methods of Evaluation


The opposite results of the two different methods of evaluating the direction and extent of the airport’s impact on LUCC are illustrated in Figure 5. This figure shows that (1) there is an inconsistency in the effect direction among cultivated land, forest, and constructed land, with the traditional method of evaluation showing that cultivated land and forest have decreased and constructed land has increased but the counterfactual method illustrating that more cultivated land and forest seem to be preserved and newly constructed land has increased less. This figure also shows that (2) there is an inconsistency in the extent of the effect between road and water, in which road has increased and water has decreased, regardless of whether HIA had been constructed or not, but less road seems to be developed and less water seems to be reduced under the counterfactual method.





5. Discussion


In the following, we discuss possible reasons for the land use change after airport construction from the perspective of previous research. Then, we focus on explaining why airport construction could decelerate the reduction in cultivated land and limit the increase in constructed land. In addition, we also reveal some flaws of the simulation model adopted in this study and point out possible directions for future research.



5.1. Explanation of the Land Use Change after Airport Construction


Indeed, the construction of an airport, such as HIA itself, has to occupy a certain amount of land for normal operation; this land includes the land for the terminal, heavy industries, businesses, offices, or even residential buildings due to the growth of laborers working in the airport [25]. Additionally, covering land for transportation, such as the highway for connecting to the outside and the airport runway for plane movements, is a prerequisite for airport operation [55]. Containing the ancillary land mainly involves the planted grassland within and adjacent to air operations areas or other critical locations, and it is also necessary due to specific safety requirements [55]; for example, 39% to 50% of airport properties in the contiguous United States are covered by planted grassland [56]. In addition, the scope of the influence of airport construction is far from being limited to its range [57]. Airport construction can also bring or enhance the advantage of transportation convenience. The economic or traffic location of land in the airport’s surrounding area will therefore be reconstructed and become attractive to developers or the government for pursuing higher economic output, and hence, it might be gradually be converted into factories or other construction uses, even the construction of an airport city [58]. The ultimate result will reflect land use change in the form of an increase in constructed land increasing and a decrease in cultivated land. In brief, the land use change before and after airport construction represents the actual transformation among land use classes; it just shows us an objective change result, but it is too premature to conclude that they are completely stimulated by the intervention of airport construction.




5.2. Explanations for Why Airport Construction Decelerates the Decrease in Cultivated Land and the Increase in Constructed Land


5.2.1. Limitation of the Airport Clearance Area


The setting of the airport clearance area limits additional construction activities. The clearway is extended on both sides by a lateral surface, the slope on the horizontal of which (14.3% or 20%) depends on the type of aircraft being dealt with. The objective of the clearway is to ensure that there are no obstacles above the runway in case of short take-offs or interrupted landings [59]. To protect the movements of aircraft on and above the runway during landings and take-offs, the boundary of the airport clearance area is set to define the maximum height tolerated on and around airfields. According to the Civil Aviation Law of China, it is forbidden to engage in some activities within the scope of a civil airport and the airport clearance area; these activities include the construction of buildings or facilities that affect the electromagnetic environment of the airport, the construction of buildings or facilities that may affect flight safety, or construction that does not meet building requirements [60]. These prohibitive regulations will limit the height of the surrounding buildings and the use of building materials in the spatial distance to the airport to some extent (Figure 6), which may affect land use development.




5.2.2. Impacts of Aviation Noise or Pollution


There are negative effects of aviation noise and pollution on residential or other related constructions. Aviation noise and pollution have the greatest impact on the environment [61], which maintains a close relationship with normal living or working. According to some previous studies, aviation noise exerts a strong, independent, and negative effect on residential values [62]. Residential property values will fall 0.50% and 0.60% for every decibel increase in aviation noise [63]; in particular, the effect of aviation noise is higher for vacant land than for detached housing [64]. Some also suggest that the closer one is to the airport area, the noisier it will be and, in turn, the lower the value of the land will be [65]. Therefore, if the attractiveness for residential development or suitability for living decreases, less residential land will be developed near the airport area. This phenomenon may also explain why the newly constructed land (mainly composed of residential land) was blocked at the south region of the study area and kept 3.5 km away from HIA after airport construction in the previous context. In addition, our field survey in three villages surrounding HIA in 2015 showed that most of the farmers complain about the noise pollution, and therefore, during the second phase of airport construction and land expropriation, the local government had to pay additional money as compensation for the aviation noise. Furthermore, a smaller residential area usually means that businesses or social activities will also be limited due to the lower population.




5.2.3. Restriction of the Land Use and Land Management System in China


The land use and land management system in China, mainly the cultivated land requisition-compensation balance (gengdi zhanbu pingheng, CLRCQ) policy and the land expropriation (tudi zhengshou, LE) regime, also plays a key role. The former was proposed in 1997 and aims to keep the “dynamic balance” (i.e., no net loss) of cultivated land at the county level (e.g., the Xiaoshan government). The main essence of the CLRCQ policy is that regardless of how much cultivated land is occupied by construction, it is obligatory to compensate for this land with the corresponding amount and quality of cultivated land from other areas within the county [66]. Under this policy context and given the massive reduction in cultivated land in the range of airport construction mentioned above, this policy means that the pressure to conserve a certain amount of cultivated land for the local government will be more intense at least in the short term. Therefore, the local government will be more cautious in allowing the occupation of cultivated land outside of the airport area.



According to the LE regime, the local government should first collect land from farmers or residents, with the expense of compensation for them, and then lease the land for airport construction. In an episode before land leasing, to win the site selection for HIA in Xiaoshan District during the earlier site selection stage in 1992, the local government made a promise to the provincial government that it would provide 334 ha of land for airport construction free [67]; however, the local government had to compensate the farmers for the land that they lost by itself. Hence, the local government actually took out a considerable amount of capital to attract HIA located in Xiaoshan District, and based on the contract signed with the farmers or village collectives, the total cost of land expropriation was approximately 108.25 million RMB at least at that time, even without considering the input of land leveling for airport construction and other related capital investments, such as the cost of resettlement for the farmers who lost their land (according to the land expropriation contract, the standard of land expropriation for cultivated land is 15 thousand yuan per mu (equal to 666.67 square meters) and 7.5 thousand yuan per mu for the non-cultivated land, and the compensation for a house, in which the occupied land is a kind of constructed land, is unclear with little information. However, according to the actual situation of land expropriation in China, it is much higher than other types of land compensation). However, the year’s fiscal revenue of the Xiaoshan government was 420.18 million RMB at that time (the fiscal data are from the Statistical Yearbook of Xiaoshan in 1998), which means that 25.76% of government revenue was invested in the land acquisition for the airport project alone. Given that the local government invested massive capital resources in the airport project, less capital will be available for other kinds of development and other land expropriation in the short term. Several official documents, as submitted to the provincial government, also recorded that the local government frequently complained about the pressure of capital (the complaints have frequently occurred in some special reports about the land expropriation and construction of HIA written by the Xiaoshan government and submitted to the provincial government). Therefore, the increase in constructed land and the decrease in cultivated land may also be affected to a large extent by the limitation of the financial conditions of the local government.




5.2.4. The Shadow of the Future


Apart from the above explanations, the uncertainty and certainty of HIA constructions in the future may also have had an influence or shadow on the land use change. The HIA started to operate at the end of 2000, and there remained some uncertainties during the period 1996–2001, such as whether the construction or operation of HIA would be successful or fail and whether or not the operation of the airport would stimulate local socioeconomic development, to say nothing of imaging whether it would grow to become a transportation hub in Eastern China at an earlier stage. Those kinds of uncertainties may have limited the activities of land development in the surrounding area of HIA.



However, considering the strong support of the government, such as the relatively easy method of land expropriation and the adjustment of land use planning for airport construction, which were almost dominated by the government in China, the successful construction and operation of HIA in the future were a high-probability event and could be treated as a future certainty; however, successful construction and operation also would have affected the LUCC in turn at that time. For example, during airport site selection, to promote the land expropriation process before airport construction and to compensate less money to the farmers and residents who lost their land, the local government enacted some kinds of administrative documents to forbid the preemptive construction of farmers or residents in the range of HIA and the surrounding areas because the compensation for constructed land including residences is higher. For example, in September 1993, the circular on the necessary control within the site of the new Hangzhou Civil Airport was announced by the Xiaoshan government; according to it, the control area reached 47 thousand mu, including the whole airport area and most of the study area, and within those areas, new or expanding construction activities were forbidden until the land expropriation for airport construction was finished. The execution of those compulsory regulations could have inevitably decelerated the increase in constructed land in the following years to a large extent.



Furthermore, according to the land use planning and the master plan that was mostly conducted by the local government, the surrounding area of HIA was planned to be a comprehensive service zone, an aviation industrial zone, and an aviation logistics zone in the future (Source: http://kg.xsnet.cn/). However, most of the land was still collectively owned by the collective economic organization or farmers, meaning that the local government also needed to collect land from farmers with the expense of compensation for future development. To avoid higher compensation for local inhabitants in the future, the government might also have adopted some kinds of measures to limit new construction activities for the same reason that the compensation for constructed land was higher than that for other types of land, especially considering the actual compensation for the demolition of farmers’ or residents’ houses in China. Thus, regarding the planned development in the future, land use decision-making might also have affected and resulted in decelerating the increase in constructed land and the decrease in cultivated land.





5.3. Limitations and Possible Improvements in the Future


5.3.1. Other Ignored Factors


Notably, the change in land use patterns may not exclusively have been stimulated by the construction of HIA. There are still many other factors, i.e., population and economic growth as well as other land use policies or the government’s land use decisions, which have not been discussed in this research. For instance, the establishment of Hangzhou Aviation City based on HIA may have attracted more companies or population to settle in the surrounding area, and the land demand for construction would have increased correspondingly. Again, to secure food resources in the late 1990s, the central government executed the “toughest” land regulatory regime trying to control the conversion of cultivated land through a number of quotas [68]. It remains unclear whether those regimes or quotas also protected cultivated land or eliminated the impulse of construction land expansion; this point is still ambiguous.




5.3.2. Exclusive Focus on Short-Term and Small-Scale Effects


As mentioned above, this study focuses only on the land use change within four intersecting towns surrounding the airport from 1996 to 2001, which means that, in a sense, the influence of airport construction on LUCC merely concerns small-scale and short-term effects. Therefore, the results of this study should not be extrapolated to a larger scale and longer term, and whether the large-scale and long-term effect of airport construction on LUCC has the same outcome or not remains unclear. Conducting more extensive research is needed in the next step. In addition, the lack of a case comparison may also limit the application of the results. Thus, more broadly similar research on other airport cases should to be conducted in the future before we generalize the findings of this research.




5.3.3. Limitation of the CA–Markov Model


No model can simulate all aspects of reality 100% correctly, even if the validation of the CA–Markov model made it suitable for this research. Thus, one important limitation still exists. The basic assumption of a CA–Markov model is that the transition probability of land use types extracted from previous land use change is constant [69]. However, the land use change was affected by many factors [70], and the synthesis of those factors resulted in the variance of transition probabilities among land use types. Specifically, the factors are also dynamic and will change over time; thus, the transition probability will be inconstant. If cultivated land keeps decreasing and constructed land keeps increasing, as shown in Figure 4a–c, the study area will ultimately be dominated by constructed land and will lack any cultivated land until one day, which will not happen. There are two possible ways to alleviate this shortcoming. One way is to shorten the time interval of the simulation, as LUCC is approximately constant in the short term [71]. Another way is to identify the main factors that affect land use change in different periods and take them into account correspondingly by combining a CA–Markov model with a multi-criteria evaluation.






6. Conclusions


Infrastructure construction is one of the main tasks for developing and developed countries in the long run, and it is essential to evaluate the effect of infrastructure on the natural system, particularly regarding the effect on land resources, which are the main carrier for infrastructure, to maintain environmental sustainability. Herein, through a case study of Hangzhou International Airport (first phase) in the Yangtze River Delta in China, the land use change surrounding the airport was detected by remote sensing, and the short-term effect of airport construction on LUCC at a small scale was evaluated through simulation.



According to the actual land use pattern before and after airport construction, cultivated land has decreased dramatically, and constructed land and road have clearly increased, accompanying airport construction in the study area, especially in the range of the airport. These results illustrate that airport construction did have an extensive influence on LUCC; however, it is too far a step to conclude that the increase in constructed land and the decrease in cultivated land were stimulated by airport construction because the comparison of before and after has just ignored the fact that even without the intervention of HIA, the land use pattern also would have changed dynamically.



In contrast, according to the counterfactual simulation result, airport construction has decelerated the decrease in cultivated land and the increase in constructed land at least in the short term and at a small scale. Possible reasons for this finding are that the airport construction not only brought transport convenience and economic growth for the local region but also produced some affiliated outputs, such as the boundary setting of the airport clearance area and the corresponding aviation noise or pollution, which introduced some restrictions for general construction activities and, in particular, affected normal residential living around the airport. Moreover, the construction of HIA had an obvious attribute of administrative intervention, such as the local government’s promise to the provincial government without the agreement of the people or the issued rules of restrictions on construction to reduce future compensation payments. Combined with the unique characteristics of the land use and land management system in China, these factors may be composed together to establish an invisible power to limit the newly constructed land and to conserve the cultivated land to some extent. Besides, given the effects of airport construction on LUCC we found, it is meaningful to further simulate the LUCC under the background of infrastructure expansion in follow-up researches, as it may help to provide hints for land use planning or decision-making in China or other countries.



From this study, a good lesson can be drawn for further similar research on land use change. We contend that by following the idea of counterfactual analysis, the simulation method is suitable and takes a further step in evaluating the effect of infrastructure construction on LUCC as compared with the before and after comparison method, which may draw biased conclusions. Beyond that point, observing the results of land use change, we argue that the key actor’s activities and the underlying fundamental institutions should not be ignored. Particularly in China, with its strong characteristic of administrative intervention in land use or land management, we support the need for a deep analysis of the institutional and the key land use actors embedded in the phenomenon of land use change. Their influence should be taken into account when discussing the land use change in China and in other similar countries.
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Figure 1. Location of the study area. 
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Figure 2. Measuring the impact of infrastructure on regional land use and land cover change (LUCC) through before and after comparison (a) and counterfactual simulation (b). 
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Figure 3. Workflow chart of the cellular automata (CA)–Markov simulation. 
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Figure 4. Land use and land cover maps based on (a) 1986 Thematic Mappers™ images; (b) 1991 TM images; (c) 1996 TM images; (d) 2001 TM images; (e) 1996 CA–Markov model simulation; and (f) 2001 CA–Markov model simulation. HIA, Hangzhou International Airport. 
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Figure 5. Variance in land use change under different methods of effect evaluation. Note: Traditional method means comparing the land use change before and after airport construction, and the counterfactual method means contrasting the interpreted land use data to the simulated land use in the 2001 data (without airport construction). 
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Figure 6. Location of airport clearance area (Source: http://www.hzairport.com/). 
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Table 1. Description of land use/land cover types in the study area.
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	Class
	Description





	Cultivated land
	Refers to areas cultivated with annual crops, vegetables, or fruit, including newly reclaimed land, paddies, and dry land



	Forest
	Refers to forestry lands, including timber, fuel wood, shelter and economic forests, sparse woodlands, and shrubs



	Grassland
	Refers to land for growing herbs; it mainly includes planted grassland along with the construction of the airport runway



	Road
	Refers to infrastructure land for vehicles and pedestrians, mainly including highways and the airport runway



	Constructed land
	Refers to land for construction activities, including urban and rural residences, industry, mining, salt panning, and specially used land (excluding roads)



	Water
	Refers to land covered by a certain area of water, including rivers, lakes, reservoirs, beaches, canals, and breeding plots
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Table 2. Comparison of simulation and interpretation data in 1996 (area in ha).
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	1996
	Cultivated Land
	Forest
	Road
	Constructed Land
	Water





	Interpretation
	7810.09
	761.15
	100.22
	3568.01
	939.46



	Simulation
	7774.39
	728.83
	28.20
	3660.83
	986.68



	Area change a
	−35.70
	−32.32
	−72.02
	92.82
	47.22







Note: a Area change represents the simulated land use data in 1996 minus the interpretation.
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Table 3. Land use change and transfer matrix from 1996 to 2001 (area in ha).
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1996

	
Cultivated Land

	
Forest

	
Grassland

	
Road

	
Constructed Land

	
Water

	
Total




	
2001

	






	
Cultivated land

	
5858.03

	
44.03

	
136.33

	
148.02

	
1535.65

	
88.03

	
7810.09




	
Forest

	
68.19

	
616.93

	
0.00

	
0.00

	
69.02

	
7.01

	
761.15




	
Grassland

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
Road

	
15.54

	
2.46

	
0.00

	
59.28

	
8.86

	
14.08

	
100.22




	
Constructed land

	
1215.42

	
57.83

	
61.96

	
58.52

	
2023.58

	
150.70

	
3568.01




	
Water

	
187.69

	
0.38

	
3.41

	
17.02

	
96.37

	
634.59

	
939.46




	
Total

	
7344.88

	
721.64

	
201.70

	
282.83

	
3733.47

	
894.41

	
13,178.93




	
Area change a

	
−465.21

	
−39.51

	
201.70

	
182.61

	
165.46

	
−45.05

	
0.00








Note: a Area change represents the land use data in 2001 minus the data in 1996.
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Table 4. Land use change in the range of HIA during 1996–2001 (area in ha).
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Land Use Type

	
1996

	
2001

	
Area Change a




	
Area

	
Percentage

	
Area

	
Percentage






	
Cultivated land

	
324.20

	
68.79%

	
0.00

	
0.00%

	
−324.1




	
Grassland

	
0.00

	
0.00%

	
201.71

	
42.80%

	
201.71




	
Road

	
0.00

	
0.00%

	
85.30

	
18.10%

	
85.30




	
Constructed land

	
141.01

	
29.92%

	
169.97

	
36.06%

	
28.96




	
Water

	
6.10

	
1.29%

	
14.34

	
3.04%

	
8.24




	
Total of HIA

	
471.31

	
100.00%

	
471.31

	
100.00%

	
0.00








Note: a Similar to that in Table 3.
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Table 5. Comparison between the simulated and interpreted land use in 2001 (area in ha).






Table 5. Comparison between the simulated and interpreted land use in 2001 (area in ha).





	
Land Use Type

	
Simulation without HIA Construction in 2001

	
Interpretation after HIA Construction in 2001

	
Area Variance a

	
Percentage Variance b




	
Area

	
Percentage

	
Area

	
Percentage






	
Cultivated land

	
7262.81

	
55.17%

	
7344.88

	
55.73%

	
82.07

	
0.56%




	
Forest

	
717.77

	
5.45%

	
721.64

	
5.48%

	
3.87

	
0.03%




	
Grassland

	
0.00

	
0.00%

	
201.70

	
1.53%

	
201.70

	
1.53%




	
Road

	
146.41

	
1.11%

	
282.83

	
2.15%

	
136.42

	
1.04%




	
Constructed land

	
4142.16

	
31.36%

	
3733.47

	
28.33%

	
−408.69

	
−3.03%




	
Water

	
909.79

	
6.91%

	
894.41

	
6.79%

	
−15.38

	
−0.12%




	
Total

	
13,178.93

	
100.00%

	
13,178.93

	
100.00%

	
0.00

	
0.00%








Note: a Area variance represents the interpreted land use data in 2001 minus the simulated land use data; b Percentage variance means the percentage of interpreted land use in 2001 relative to the percentage of land use in the simulation.
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