

  land-11-00454




land-11-00454







Land 2022, 11(4), 454; doi:10.3390/land11040454




Article



Urban Infill Development: A Strategy for Saving Peri-Urban Areas in Developing Countries (the Case Study of Ardabil, Iran)



Somayeh Mohammadi-Hamidi 1[image: Orcid], Hadi Beygi Heidarlou 2,3[image: Orcid], Christine Fürst 1,4,* and Hossein Nazmfar 5[image: Orcid]





1



Institute for Geosciences and Geography, Department Sustainable Landscape Development, Martin Luther University Halle-Wittenberg, Von-Seckendorff-Platz 4, 06120 Halle (Saale), Germany






2



Forestry Department, Faculty of Natural Resources, Urmia University, Urmia P.O. Box 165, Iran






3



Department of Forest Engineering, Forest Management Planning and Terrestrial Measurements, Faculty of Silviculture and Forest Engineering, Transilvania University of Brasov, Şirul Beethoven 1, 500123 Brasov, Romania






4



German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Puschstr. 4, 04103 Leipzig, Germany






5



Department of Geography and Urban Planning, University of Mohaghegh Ardabili, Daneshgah Street, Ardabil 56199-11367, Iran









*



Correspondence: christine.fuerst@geo.uni-halle.de; Tel.: +49-345-552-6017







Academic Editor: Luca Salvati



Received: 30 January 2022 / Accepted: 17 March 2022 / Published: 22 March 2022



Abstract

:

The overall objective of this study was to investigate urban infill development policies as a good solution to counteract urban sprawl and protect the peri-urban area of Ardabil in Northwestern Iran. In this context, we used a mixed methodology (two quantitative methods). Landsat imagery, including a patchy Landsat ETM+ for the year 2000 and a Landsat 8 for the year 2020, was used to map and assess land use to investigate sprawl and land-use change, and ArcGIS was used to investigate the potential for infill development in this city. The results show that between 2000 and 2020, 967 hectares of peri-urban land was lost to urban expansion. CA-Markov projections also showed that 452 hectares will be lost by 2030. The assessment of the city’s internal capacity for infill development showed that more than 999 hectares of land within the city are suitable to support this strategy and provide the land needed for urban expansion over the next decade. Finally, the study of the city’s master plan, which applies to all Iranian cities, discovered that there is a lack of adequate outlook regarding the amount of land available for future urban development, leading to misuse of urban land and urban sprawl in Iranian cities, suggesting that an infill development strategy could be a good way to address this issue.
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1. Introduction


Today, about half of the world’s population lives in urban areas, and in the next 30 years, the world’s population is expected to grow to more than 2 billion people in developing countries [1]. With the expansion of urban areas, the environment is affected at various spatial and temporal scales [2]. The rapid growth of urban areas has led to complex problems such as traffic congestion, pollution, the decline of open spaces, the desolation of old urban centers, and unplanned or inappropriate land development [3,4]. Policymakers and urban planners have identified infill development as a potential expansion solution that both increases density and revitalizes disadvantaged neighborhoods [5,6,7]. Concurrent with urbanization, peri-urbanization (PU) (development of mixed land uses outside city limits) is occurring, affecting a variety of landscapes and posing several policy challenges [5]. However, the concept of peri-urban is somewhat fluid. It refers to the urban fringe and the geographic edge of cities as a place and the movement of goods and services between physical spaces and to the transition from rural to urban contexts as a process and an interface between rural and urban activities, institutions, and perspectives [6,7]. After the 1970s, there were strong reactions to the uncontrolled growth of cities. These reactions led to the emergence of movements such as smart growth, new urbanism, and compact cities. On a smaller scale, these movements advocated a variety of developments, including transit-oriented development, mixed use, and infill development [1].



In most communities, there is significant vacant land within the city limits that has been overlooked by the urbanization process for a variety of reasons. Generally, infill development means new development on these vacant, abandoned, allocated, or smaller lots in built-up areas in indirect communities where infrastructure already exists [8,9]. In other words, the infill approach within already developed areas is an effective approach to sustainable urban development (i.e., full compatibility with the goals and intentions of modern urban planning) [10]. This can be accomplished by (1) filling vacant land, (2) reusing unused land, or (3) repurposing existing buildings and land for new uses [11]. An important goal of sustainability is to limit the spread of urban land use. To this end, infill development is a first strategy [2]. The infill development which implies the filling of vacant land is a tactic of the regional smart growth strategy [12]. Although planners have recognized in recent years that higher density, more diverse environments, better signage, and better access to destinations can reduce vehicle dependence [13], the effects of specific planning actions such as permitting certain developments, increasing density in certain locations, or increasing combinations of vehicles in certain activity centers have rarely been studied [14].



In recent years, Iranian cities have experienced a trend of unsustainable growth and urbanization that has overtaken urbanity (the fact or quality of being urbane). Abedini and Khalili [1] pointed out that the percentage of urbanization in Iran, which is becoming a developing country with rapid urbanization, has increased from 28% in 1921 to 74% in 2015. In this regard, development-oriented governments can play an important role in solving the problems of growth and urbanization. These problems are mainly in the areas of socioeconomics, urban planning, and urban ecology. The rapid growth of urbanization in Iran (74% in 2015) has led to the emergence of metropolitan areas that are unsustainable. Moreover, environmental and ecological threats, rural–urban migration, and marginalization have led to serious national, regional, and local challenges in Iranian metropolitan areas [15].



The development of urbanization and urbanism in Iran has created a great social and economic disparity in urban areas. Rapid population growth and lack of socio-economic growth programs and urban development strategies have led to an increase in unemployment, inflation, housing prices, traffic congestion, marginalization, and reduction in garden plots, forests, and agricultural lands in cities [16], especially in metropolitan areas of Iran [17]. Given the uncontrolled expansion of Iranian cities which left much-undeveloped land, infill development is an effective approach. Studies on urban growth in Iran mostly focus on large cities and metropolitan areas, such as Mirmoghtadaee [16] in Tehran, Abedini and Khalili [1] in Urmia, Razavian and Samadi [18], and Rahimi [4] in Tabriz. Nevertheless, medium and small urban regions such as Ardabil (an ancient city in Northwestern Iran) can show maximum urban growth rates from the time of their establishment [19].



To make this urbanization into a boom for, rather than a burden on, societies, urban planners need to work toward more effective strategies and plans for the large-scale urbanization process [20] that is taking place in developing countries such as Iran. Among the many other tools and techniques used by urban planners worldwide, GISs and remote sensing are the most efficient and widely used [21]. Geotechnologies and land-use analysis are increasingly being used to monitor, model, and predict urban landscapes, such as in the study of land-use change [12,13].



As noted above, a policy of infill development may be a desirable strategy to reduce the adverse effects of urban sprawl. In the context of implementing infill development, Mustafa, et al. [15] pointed out that density mainly occurs in areas with dense neighborhoods, while areas with low density maintain their low density over time. Mirmoghtadaee [16] also points out that the selection of indices is significant for the implementation of infill development and that the application of infill development in the cities of Iran is also significant. Sharma and Joshi [20] used Landsat satellite data and Urban Landscape Analysis Tool to quantify urban expansion in Delhi. The land cover maps produced were compared in order to qualitatively and quantitatively capture the dynamics of urban expansion. New development areas consisted of three main categories of developments: infill, extension, and leapfrog (development of lands in a manner requiring the extension of public facilities). These studies have shown that GIS and remote sensing techniques, as well as land-use change analysis, do not adequately address infill development. Regarding the importance of uses of GISs and RS in urban studies and land use, Chrysochoou, et al. [17] emphasized that the GIS could play a crucial role in identifying suitable sites for this development. Kamal [22] also continued the integration of multi-criteria analysis methods with the GIS and completed previous research. He also concluded that using more indicators and integrating multi-criteria methods with GISs can be beneficial in identifying suitable sites for urban infill development (building on vacant parcels in built-up areas). Cegielska, et al. [19] show that the use of GIS tools in research greatly speeds up data processing, lowers analysis costs, and improves the precision of results. These results are also shown in Wang, et al. [23] regarding the city of Thimphu in China in Dey, et al. [24] regarding Rajshahi City, Bangladesh.



Accordingly, the study of urban structure and land-use change has received increasing attention from managers and planners concerned with urban and environmental issues as one of the new paradigms for sustainable development [25]. Moreover, serious environmental and social risks that reduce the quality of life in urban and non-urban communities, as well as uncontrollable changes in the spatial structure of cities, are mainly due to the increasing unplanned physical development of cities, the economic growth of overpopulation, and rural–urban migration [26]. Therefore, this work used both GIS and remote sensing data as well as land-use change analysis tools as inputs in order to help fill this knowledge gap with the following research objectives: (1) monitoring urban sprawl over the past decade, (2) identifying and assessing infill development capacity, (3) forecasting land demand for the next 10 years (due to population growth and migrant influx), and (4) a comparative study of infill development capacities within Ardabil and land requirements for the next 10 years (Figure 1).




2. Materials and Methods


2.1. Study Area


Ardabil is located between 38°15′ N and 48°17′ E in Northwestern Iran (Figure 2). Ardabil province was separated from the Iranian province of East Azerbaijan and declared its independence in 1993, and the city of Ardabil became the capital. The city of Ardabil has grown rapidly in recent decades, which is unprecedented in terms of both population and size. The population of this city has increased from 65,742 inhabitants in 1956 to 482,632 inhabitants in 2011 (Figure 3), and its area has increased from 5753 hectares in 1956 to 65,712 hectares in 2011. Over the past 55 years, the city’s population has grown by 81,579 people annually [27]. The overtaking of the growth rate of the developed area by the growth rate of the population is one of the most important characteristics of high spatial development.



The city of Ardabil, like other cities in Iran, has undergone serious changes in urban planning following recent developments. The role of this city in the 1980s was a dual one. On the one hand, it was a center for various social and personal services; on the other hand, it was a large market for agricultural products and a center for their collection and export outside the city. As the political center of Ardabil Province, the city has experienced significant population growth and a corresponding physical environment, such that the population of the city was 83,596 in 1966 and quadrupled to 340,386 in 1996 (Figure 3) [27].



This trend of population growth was caused by the scattered growth of cities, the incorporation of villages, and the change in croplands in the outskirts of the city. Thus, the area of the city increased from 1390 ha in 1966 to 1580 ha in 1978 and 60,000 ha in 2006 [27]. In addition to population growth, other factors have caused the spatial structure of Ardabil to change, including the distribution of people’s jobs and activities in the city. The formation of population centers and activities around the main core of the city promised the emergence of a new form of spatial structure in the city; however, it is not yet clear to what extent such a spatial distribution of population, followed by the redistribution of activity centers, could lead to the formation of sub-cores in different parts of the city. These changes make it increasingly necessary to pay attention to the future development of the city and the need to guide and manage it.




2.2. Methodology


In this work, we used a mixed-methods design that combines two quantitative and statistical research methods [28,29] to gain comprehensive insights (Figure 4). To characterize spatial phenomena, planners and policymakers have relied heavily on techniques such as GISs and remote sensing [30]. For the spatiotemporal dimension, GISs and remote sensing are used to observe, monitor, analyze, evaluate, and measure urban growth trends and urban landscapes, e.g., to study land-use changes and model urban expansion [31,32]. In this study, Landsat imagery was used as remote sensing data and land-use change analysis tools (Land Change Modeler) to investigate urban fill development in spatial and temporal domains from 2000 to 2020 with land use/cover maps and in Ardabil.



2.2.1. Land-Use Mapping and Accuracy Assessment


We used Landsat imagery to map land use/land cover, assess its changes, and examine urban sprawl over 20 years in Ardabil. The two images used for the study area are a patchy Landsat ETM+ for 2000 and a Landsat 8 for 2020 (Table 1). Prior to image classification, we converted the images into surface reflectance values (the amount of light reflected by the surface of the earth) using the FLAASH tool [33] in ENVI 5.3. In addition to using ground control points, the vector layers of roads and rivers in the city of Ardabil were used to reduce geometric errors [34,35].



In this study, we used training data [36] (200 points for each land-use type) obtained from an intensive field study, the 2018 inventory, and available 1:50,000 scale topographic maps. We also collected additional training data and ground control points for image classification throughout the period by visually linking the desired Landsat imagery and confirming the land cover assignment of each point with high-resolution imagery in Google Earth [37,38] whenever possible. Then, using the EnMAP-Box software [39] and prepared training data, the Landsat images were classified into five classes using a nonparametric random forest classifier [40] in five classes: (1) water bodies, (2) bare lands (areas with no dominant vegetation cover), (3) green lands (all parks and green areas inside the city), (4) croplands, and (5) built-up areas. In addition, for image classification post processing (CPP), the majority filter was applied to eliminate single pixels derived from misclassifications of the images [37,41] to enhance the classification accuracy [42].



The accuracy of the classified images was assessed using a random sample of 50 points for each class. For this, we collected ground control points (GCPs) by interpreting the Landsat images and using high-resolution imagery in Google Earth, where their land-use types had not changed over time [43]. Based on this, we performed error matrix analysis and then derived the overall accuracy, kappa coefficient, producer’s and user’s accuracies, and commission and omission errors [13].




2.2.2. Change Analysis


The Land Change Modeler (LCM) in the TerrSet 2020 software was used to quantify land-use changes [44] in Ardabil. Then, change analysis was conducted for the 2000–2020 time period using land change modeling. These changes included losses, gains, and net changes for each land-use class and transition from one class to another. The spatial trend of physical development and peri-urban areas in Ardabil was calculated using the results obtained from the change analysis. For a visual understanding of the change patterns, spatial distribution of land uses to other uses was extracted. The spatial change pattern of the surface was created by coding areas of change with 1 and areas of no change with 0 while treating the values in a manner similar to that for quantitative values and then interpolating them by using a 3rd polynomial order function (Equation (1)). This method enables identification and understanding of the spatial trends of the transition, which can provide a better comprehension of the sites of different changes at different spatial locations [44].
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2.2.3. Land-Use Change Prediction


Analyzing the stability or instability of land use and identifying areas that have changed during the study period (20 years) can be used by planners to better plan and prevent further land-use changes. In this step, land uses that have fundamentally changed and are directly or indirectly associated with areas near urban areas were examined using the criteria of lost or changed areas, persistent areas with no changes, and areas added to previous land uses. This stability and instability was achieved in order to plan future forecasts and planning and to prevent their destruction and disappearance. In this study, the CA-Markov model was selected for simulating and predicting land use/land cover (LULC) changes [45]. This model can be used to analyze the changes in LULC based on the number of transition area probabilities from one land-use class to another ([46]). One of the most important advantages of using this model is that prediction of changes and spatial trends (e.g., urban development) can be carried out using limited data [47]. The suitability map extracted from the Markov chain model provides information on the inherent suitability of each land-use class [48]. This procedure involved: (a) performing Markov chain analysis of the 2000 and 2020 LULC maps to create transition area matrices; (b) creating LULC transition area maps; (c) evaluating model accuracy in simulating future changes using kappa indices of agreement and disagreement (using the method described by Mondal, et al. [49]); and (d) predicting the spatial distribution of LULC in 2030.




2.2.4. Cellular Automata Markov (CA-Markov) Model


In this study, the cellular automata Markov (CA-Markov) model was used to predict LULC status for 2030. The CA-Markov model predicts LULC by combining the Markov model with cellular automata and adding the element of spatial distribution and potential LULC transitions and distributions [50,51].



The four aspects of a CA system are the unit, state, proximity range, and transition rules [52]. The following is the expression:


   S   (  t + 1  )    = f  [   S   ( t )    · N  ]   



(2)




where S represents the state set of discrete and finite cells, N represents the cell’s neighborhood, T and T + 1 represent two unique moments, and f represents the cellular state transition rule [53].



The Markov model can be used to predict the trend of land use/land cover change and is an excellent tool for land-use change prediction and scenario analysis. The transition probability Pij at time m [54], which is written as follows, is the key to using the Markov model to predict land use/land cover.
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Based on this probability, the Markov model for predicting the change in land use/land cover is built, which is as follows:


  S  ( T )  =  p  i j   + S  (   T 0   )   



(4)




where S(T) and S(T0) denote the state of the land-use structure at times T and T0, respectively, and Pij denotes the state transition matrix [53].






3. Results


3.1. Land Use/Cover Maps and Accuracy Assessment


The overall accuracy of the maps produced for 2000 and 2020 with kappa coefficients of 0.84 and 0.86 was 82.5% and 91.3%, respectively. Producer and user accuracy and commission and omission errors are shown in Table 2. Producer and user accuracy exceeded 75% for most land-use classes.



Figure 5 displays the spatial patterns related to the five main types of land use/cover in Ardabil. LULC analysis shows that the extent of land use/cover classes varied over the studied years. As shown in Table 3, bare lands and croplands covered 22.18% and 47.73% of the total region in 2000, but they declined to 16.88% and 39.12% in 2020, respectively. On the other hand, the built-up areas, green lands, and water bodies increased from 26.13%, 1.99%, and 1.96% to 39.18%, 2.63%, and 2.20%, respectively, during the same period (2000–2020).




3.2. LULC Analysis


After land-use maps were prepared, the changes that occurred in each land use/cover class during the period studied (2000–2020) were determined. The results of gains, losses, and net changes in land-use types are shown in Figure 6.



As shown in Figure 6, the comparison of the net change of croplands during the studied period indicates that the area covered by croplands decreased by 950 ha. The net changes in the built-up areas were +1457 ha during 2000–2020.



We created comprehensive land-use change matrices for the period 2000–2020 to better understand the changing nature of LULC types in the city. The details of land cover transitions among the five mapped land-use types are shown in Table 4. In terms of urban sprawl, the peri-urban areas are most at risk. During the period (2000–2020), about 648 hectares of cropland areas were converted to built-up areas, and 1323 hectares were converted to bare land.



The results of the spatial trend in land-use changes from cropland to other land uses (Figure 7) showed that the densely populated areas in the south and southwest of Ardabil and the activities of people in this area to carry out agricultural activities are the main centers of land-use changes and land use and land cover conversion.




3.3. Land Use/Cover Change Prediction


For model validation, the simulated land use/land cover map for the year 2020 was compared to the actual satellite-derived land use/land cover map based on the kappa statistics with GIS software using the land-use map for the year 2000 and the land-use change maps between 2000 and 2020. The overall success of the simulation using Markov cellular automata was 0.87% in 2020. The developed Markov model was also tested for its ability to predict land-use change in 2030. A 2030 land-use map was predicted based on the changes in 2000 and 2020. The results showed that built-up areas (5084.19 ha) will be the most important land use in Ardabil and that cropland, bare lands, green lands, and water bodies will cover 3939.48, 1604.88, 351.45, and 246.06 ha of Ardabil, respectively, in 2030 (Table 5). The results also show that built-up areas and green areas will increase by 15.59% and 18.95%, respectively, by 2030 compared to 2020, while undeveloped areas, cropland, and water bodies will decrease by 15.30%, 10.30%, and 0.41%, respectively. The largest increase in built-up areas in Ardabil in 2030 compared to 2020 will occur in the southern part of the city.




3.4. Infill Development Potential Capacities


This study examined four types of land use, including barren land, worn-out land, military land, and unused and abandoned warehouses that have the potential to be used as land for built-up development. As Ardabil has only recently become the central city of Ardabil Province, rapid urban development has left many brownfields in the city. Moreover, like other cities in Iran, this city has a central structure with an old and traditional structure that is evolving. Figure 8 shows the distribution of land uses with potential for infill development.



Due to rapid urbanization, small villages, military sites, and industrial areas that used to be outside the city are gradually surrounded by built-up areas and absorbed by the rapidly growing city. The area of all land uses is shown in Table 6.



According to the calculations and comparisons of the above results, a total of 999.9 hectares of land within the projected development limits has the potential for infill development, which is also more than the amount of land needed for urban development in the next 10 years (685.76). Among these lands, barren lands and worn-out urban texture lands have the largest area in the city.





4. Discussion


Since most cities in Iran are located in the lowlands, where land is very important for agriculture, the value of land around the city is many times higher, especially in the northern cities of the country, which are located in mountainous areas. Therefore, policymakers need to manage urban growth based on a sustainable development approach that takes into account various socioeconomic, cultural, and geographic aspects. Effective strategies should be developed by policymakers and urban planners in different parts of the world depending on the context.



From the results, it can be concluded that urban sprawl in Ardabil during the study period (2000–2020) occurred mainly and increasingly outside the city, especially in the peri-urban area adjacent to the current development. During this period, the area closes to the city shrank from 5358.75 hectares in 2000 to 4391.72 hectares in 2020. The government’s failure to preemptively control the city through laws and regulations, inappropriate policies in the land and housing sector [1], and disregard for land management principles in determining land use are some of the most important reasons for Ardabil’s rapid urban expansion beyond its borders and the destruction of the areas close to the city. It is also important to compare our data on urban expansion with the reality of urban planning in Ardabil.



4.1. Master Plans


Master plans are the basis of the Iranian urban planning system [55]. In Iran, master planning emerged from the mid-1970s when the first wave of modernization began [56]. These master plans contain maps of proposed land uses as well as legally binding provisions on how land should be used in practice. In addition, depending on population growth rates and per capita land-use values (hectares per person), the plans determine future urban expansion and development patterns [57]. In this case, the plans define the boundaries between developed and undeveloped areas. In undeveloped areas, all development is prohibited. However, these boundaries are rarely respected, and virtually all Iranian cities expand beyond the boundaries of the master plans [1,16]. In Ardabil, according to the 1991–2004 Master Plan forecast (Table 7), approximately 3332.93 hectares of land were estimated for future development in the city. These miscalculations have resulted in numerous land-use changes in the suburbs, especially in peri-urban areas, and many of these areas have been destroyed by these urban development policies. The results of this study (Table 4) show that 648 and 1323 hectares of cropland were converted to built-up areas and bare lands, respectively.



Considering the land-use conditions and the distribution of villages within the urban area, the southern areas of the city of Ardabil were proposed as potentially the best areas for future development of the city. The results of change prediction for 2030 (Figure 9) also indicated that the largest increase in built-up areas in Ardabil will occur in the southern portions of the city. One of the most important factors in determining these development priorities was the quality of land for agriculture, which is consistent with the main objectives of this project and Ardabil’s future projects. However, at present, it can be observed that the city of Ardabil is scattered in all directions, especially on the entrance and exit axes of the city (such as Astara-Ardabil, Tabriz-Ardabil, Khalkhal-Ardabil, and Meshkinshahr-Ardabil) (Figure 10). In 2010, the old master plan of the city was revised, and the future of Ardabil’s urban development for the next 20 years (i.e., until 2030) was replanned according to the current situation.



Since the old city plan (referring to 1991) allocated much land within the city for future development, the 2010 plan does not include land for development within the city, and the revised master plan (2016) for development of the city was focused on the southern parts, which consist mainly of grasslands. The study results of Karimi, et al. [58] in Shiraz city, Rahimi [4] in Tabriz city, and Rozati, et al. [59] in Isfahan city show that master plans are the main driver of urban sprawl in Iran. Tian and Shen [60], Han, et al. [61], and Wang, et al. [62] also show the effects of implementing the master plans for Guangzhou and Beijing and find that the actual urban development in both cities differs greatly from the original master plans.




4.2. Urban Land Development Policies


Urbanization in Iran was influenced by several important indicators, which can be divided into six categories (Figure 11) [63,64].



The Iranian government has attempted to address this rapid urbanization with some policy, such as new satellite towns around cities and housing for low-income people (Mehr housing) [65] but the rapid increase in suburban land prices has again limited the effectiveness of these measures [66]. The results of Karji, et al. [67] also show that these policies have not been successful in Iranian cities, especially in Ardabil. The main problems in this policy are the function of housing cooperatives, the function of Maskan Bank, access to the city center, lack of facilities outside the housing unit, lack of space for parking cars, and cost [68]. The township-level government and the land joint management company are also at a core position with high-level control over contact and information, according to the findings of Zhou, et al. [52], and both play important brokerage roles.



Land use, planning, and management through infill development policies are more consistent with the sustainability framework and closer to sustainability goals than other outside and perimeter growth policies. Van der Krabben and Jacobs [69], particularly in the case of brownfield redevelopment, believe that public sector land development can be and is proving to be an effective tool for American planning. In combination with public sector interventions, such as reducing liability risks related to clean-up costs, property-tax forgiveness, tax-increment financing, and development bonds.





5. Conclusions


From the founding history of Iranian cities (especially in the northwest and Ardabil), most cities have suffered from land shortages over time and continue to expand (for food supply and urban development). Currently, the interaction and competition for land between urban development and the protection of the integrity of cultivable land in these cities has become much more intense.



In this study, we investigated Urban Infill development in the city of Ardabil in order to save the peri-urban areas in this city. The key findings of this study are as follows: The results show that a considerable number of peri-urban areas have been lost due to urban expansion in the last two decades. According to the calculations, 999.9 hectares of land within the projected development limits have the potential for infill development, which is also more than the amount of land needed for urban development in the next 10 years (685.76). Therefore, this strategy can be used to protect peri-urban areas in the Ardabil by providing land for future expansion. The urban master plan and population growth in Ardabil, as in other cities in Iran, have been the driving force behind the disappearance of peri-urban areas. To counteract this, the infill development strategy can mitigate the drawbacks of this plan to some extent.



Infill development policy, however, is multi-faceted and complex, not only because of the breadth of the concept and the inclusion of a wide range of urban property and land or the variety of objectives and implementation methods, but also because of the multi-faceted and fundamentally contentious nature of planning due to the presence of numerous stakeholders in this urban growth policy. Therefore, any planning for an action plan for densification should be based on knowledge of the social and cultural characteristics of the population, observation of the demographic trends of urban residents, the size of available land, and prioritization (priority elimination and relocation of disruptive activities and uses), incompatibilities, priority regeneration of worn textures and activities with pollution or social degradation), taking into account the dynamics of natural environmental influences (area of faults, channels and other natural features) and, above all, respecting the urban zoning system, which is the guiding criterion of the policy. For future research in this area, we propose study of the following thematic axes: assessment of the tolerable capacity of the urban environment for infill development; the role of infill capacities in adjusting the inequality of urban areas; and the relationship between space rent (or urban space rent) management and endogenous growth policies.
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Figure 1. Infill development strategy conceptual framework. 






Figure 1. Infill development strategy conceptual framework.



[image: Land 11 00454 g001]







[image: Land 11 00454 g002 550] 





Figure 2. Geographical location of study area. The study area is 1 km around the urban area, affected by the urban extension. 






Figure 2. Geographical location of study area. The study area is 1 km around the urban area, affected by the urban extension.



[image: Land 11 00454 g002]







[image: Land 11 00454 g003 550] 





Figure 3. Population of Ardabil city according to the national census [27]. 
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Figure 4. Methodology flowchart of this study. 
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Figure 5. Ardabil city expansion over 20 years (2000–2020). 
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Figure 6. Gains (+), losses (−) and net changes for each land use/cover class (ha) for the period of 2000−2020. 
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Figure 7. The trend of croplands to be changed to other land-use types (bare lands, built-up areas, and all land uses). 
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Figure 8. Distribution of potential infill development land uses in Ardabil city. 
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Figure 9. Changes in built-up areas of Ardabil in 2030 compared to 2020. 
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Figure 10. City area in the revised 2010 master plan and the projected area for 2020. 
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Figure 11. Indicators affecting the rapid growth and development of urbanization in Iran. 
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Table 1. Details of imagery used in the study area.
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	Year
	Data Type
	Sensor
	Acquisition Date
	Path
	Row





	2000
	Landsat 7
	ETM+
	5 June 2000
	167
	33



	2020
	Landsat 8
	OLI
	7 July 2020
	167
	33
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Table 2. Accuracy assessment of image classifications for the years 2000 and 2020.
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Land-Use Classes

	
PA

	
UA

	
Ce

	
Oe




	
2000

	
2020

	
2000

	
2020

	
2000

	
2020

	
2000

	
2020






	
Built-up area

	
81.3

	
100

	
95.5

	
95.2

	
18.2

	
8.1

	
4.5

	
23.2




	
Bare lands

	
90.2

	
97.5

	
89

	
73.8

	
9.3

	
2.6

	
0

	
32.2




	
Croplands

	
90

	
92.1

	
100

	
92.7

	
11

	
18

	
21.8

	
16.7




	
Green lands

	
82.3

	
79.5

	
87.5

	
83.9

	
21.1

	
10

	
7.2

	
3.7




	
Water bodies

	
76.5

	
81.5

	
69.9

	
96.3

	
20

	
11.3

	
10.2

	
7.1








PA: producer’s accuracy, UA: user’s accuracy, Ce: commission error, and Oe: omission error.
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Table 3. Area of land cover classes and their percentage change during studied time periods.
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Land-Use Classes

	
2000

	
2020

	
Change Area (ha)




	
Area (ha)

	
Area (%)

	
Area (ha)

	
Area (%)






	
Built-up area

	
2933.87

	
26.13

	
4398.43

	
39.18

	
1464.56




	
Bare lands

	
2490.61

	
22.18

	
1894.78

	
16.88

	
−595.83




	
Croplands

	
5358.75

	
47.73

	
4391.72

	
39.12

	
−967.03




	
Green lands

	
223.51

	
1.99

	
295.38

	
2.63

	
71.87




	
Water bodies

	
220.47

	
1.96

	
247.07

	
2.20

	
26.60
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Table 4. Matrix of land-use class changes from 2000 to 2020.
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Land-Use Classes

	
2000

	
Total




	
Built-Up Area

	
Bare Lands

	
Croplands

	
Green Lands

	
Water Bodies






	
2020

	
Built-up area

	
2633.05

	
793.41

	
648.73

	
92.06

	
0.69

	
1464.56

	
2633.05




	
Bare lands

	
165.32

	
505.46

	
1323

	
61.73

	
2.54

	
−595.83

	
165.32




	
Croplands

	
64.98

	
1105.53

	
3277.78

	
6.63

	
2.64

	
−967.03

	
64.98




	
Green lands

	
69.23

	
71.44

	
94.51

	
61.2

	
0

	
71.87

	
69.23




	
Water bodies

	
2.98

	
16.95

	
11.1

	
1.62

	
214.49

	
26.60

	
2.98




	
Total

	
2935.56

	
2492.79

	
5355.12

	
223.24

	
220.36

	
−

	
2935.56
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Table 5. Land-use areas in 2030 and their change rate (%) compared to 2020.
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Land-Use Classes

	
Area (ha)

	
Change Rate (%)




	
2030

	
2020–2030






	
Built-up area

	
5084.19

	
15.59




	
Bare lands

	
1604.88

	
−15.30




	
Croplands

	
3939.48

	
−10.30




	
Green lands

	
351.45

	
18.98




	
Water bodies

	
246.06

	
−0.41











[image: Table] 





Table 6. The calculated brownfield sites that have the potential to be used as infill development.
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Infill Development Potential

	
Area (ha)

	
Area (%)

	
Land Demand (2030)






	
Military land use

	
118.8

	
11.88

	
685.76




	
Worn-out urban textures

	
220.9

	
22.09




	
Abandoned warehouse

	
40.1

	
4.01




	
Barren lands *

	
620.1

	
62.02




	
Total

	
999.9

	
−








* Areas located inside urban boundaries.
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Table 7. Area and population of the of the Ardabil city in the Master Plan and this research results for 2020 and 2030.
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	Data Source
	Area (ha)
	Population





	Master plan
	Planning year, 1991
	2780.47
	334,251



	
	Projected year, 2004
	6113.4
	599,059



	Research findings
	Study year, 2020
	4398.43
	529,374



	
	Projected year, 2030
	5084.19
	611,544
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