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Abstract:



City green infrastructure (CGI) makes cities more resilient and sustainable, as required by the United Nations’ (UN) Sustainable Development Goal 11–Sustainable Cities and Communities. Based on the CGI policies of Beijing, land use/land cover (LULC) changes of two Asian capitals, Beijing, China and Islamabad, Pakistan, are simulated. LULC maps for 2010 and 2015 are developed by applying object-based image analysis (OBIA) to Landsat imagery. Dynamics of land system (DLS) model was used to simulate the LULC changes for 2020 and 2025 under three scenarios: (1) business-as-usual (BAU); (2) urban green space work plan (UGWP); and (3) landscape and greening policies (LGP). Results reveal that DLS is efficient than other simulation models. The BAU scenario predicts an overall expansion in Beijing’s greenery, while Islamabad will encounter a decline by 7.3 km2 per year. Under the UGWP scenario, urban green spaces and other vegetation area of Beijing will expand by 7.6 km2, while, for Islamabad, vegetation degradation rate will slow down to 6.9 km2 per year. The LGP scenario envisage a massive increase of 23.5 km2 per year in green resources of Beijing and Islamabad’s green land loss rate will further slowdown to 6.1 km2 per year. It is inferred from the results that vegetation degradation in Islamabad need to lessen by implementing LGP policy after basic amendments according to the local conditions and available resources.
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1. Introduction


Half of humanity (3.5 billion people) are living in cities, and by 2030 almost 60% of the world’s population will live in urban areas. Rapid urbanization is exerting pressure on fresh water supplies, sewage, living environment and public health. To end poverty, protect the planet and ensure prosperity for all, the United Nations set 17 Sustainable Development Goals (SDGs) on 25 September 2015. Goal 11 of the SDGs is “Sustainable Cities and Communities”; to make cities inclusive, safe, resilient and sustainable [1].



Both land use and land cover (LULC) are basic components of environmental changes around the globe. It directly influences human society, ecology and Earth’s climate [2]. Land cover describes a physical cover on the surface of the Earth, while land use defines its function [3]. Human activities have been the leading force in shaping LULC during recent years [4], although, their affects fluctuate spatially and temporally [5]. In cities, the major driver of LULC change is urbanization. The critical process of rapid urbanization is transforming the natural vegetation of cities into residential and industrial land that leads to serious environmental and ecological problems [6,7]; such as urban heat islands (UHI) [8,9,10], air pollution [11,12,13] and biodiversity loss [14,15]. Vegetation plays a vital role in urban regions from different prospects, i.e., maintaining ecological balance, protecting biodiversity, alleviating thermal impacts and improving quality of living conditions [16,17,18,19,20,21,22,23,24,25,26].



The ecosystem services of urban vegetation provide foster resilience in cities [27] and helps to improve ecoenvironmental conditions, thus provides a good quality of living conditions with ecologically sound environment and fresh air. Urban vegetation also assists in reducing thermal impacts and environmental pressure by producing urban cool islands (UCI) [28,29]. It cools the microclimates through the process of evapotranspiration, photosynthesis and shading [30,31,32], hence improves inhabitant’s health and well-being [29,33,34]. An ample number of studies have been done on the role of urban vegetation in mitigation of urban thermal impacts [28,32,35,36,37,38,39].



In recent times, increasing trends of urbanization, socioeconomic consequences, inappropriate land use policies and lack of landscape management practices in megacities are reducing natural urban greenery at a rapid rate [40]. Besides, it is less likely to expand urban green areas, because urban expansion in megacities consumes their physical space [41]. Consequently, these natural ecological treasures may be protected by appropriate landscape greening policies and management. Urban vegetation such as grasslands, forests, open parks and other types of green land have been recognized as an important component of landscape planning [22,30,35,42].



Though Beijing and Islamabad are two distinct cities, they possess many characteristics which express similitude. Both Islamabad and Beijing have matching landscapes: Beijing is surrounded by mountains from three sides i.e., north, northwest and west, while the Margalla Hills fringe the north and northeast of Islamabad (see Figure 1). Both are low altitude cities, and have a big difference in terms of the respective elevation of urban and rural areas. Both cities have comparable humid conditions, Islamabad having relative humidity of 61% and Beijing having 56.8%. Despite all above-mentioned resemblances, population density and city sizes of these capitals are very different. Beijing, being an old capital, has encountered extensive infrastructural developments, thus brought economic revolution coupled with atmospheric pollution and climate degradation. The idea of urban green policies of Beijing is quite fresh as compared to the historic nature of the city. Islamabad, the capital of Pakistan, is in its inception stage in comparison with Beijing. It can be foreseen that Islamabad will experience huge influx of population just like Beijing, bringing challenges for sustainable ecosystem of Islamabad. It can, therefore, implied that Islamabad also needs urban green policies. Government of Beijing has formulated some urban green policies, which are already in the implementation phase.


Figure 1. Study area map highlighting Islamabad and Beijing.
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Several studies have already been conducted on Beijing’s landscape greening policies using remotely sensed data. Some investigations have forecasted the effectiveness of Beijing’s greening policies by various modelling techniques [43,44]. For example, Li et al., (2016) [43] simulated the green space policies of Beijing for 2025; predicting a significant increase in green area, though still wouldn’t be sufficient to cater the need of the city. Authors have deduced that only landscape and greening policy (LGP) [45] of Beijing can approach the state of base year (2000) in 2025 Islamabad. In the absence of any greening policy, deforestation of Islamabad will be much higher than that of Beijing.



The population of Beijing is 21 million as of 2015, and its gross domestic product (GDP) has crossed the target of 7% [46,47]. This rapid economic growth has put enormous pressure on natural resources and the microclimate of Beijing, resulting in different environmental issues and reduced urban green spaces. Dynamic development of green spaces is noticed in Beijing’s downtown [41]. Islamabad, in comparison, has lower economic growth and urbanization; accordingly, overall ecoenvironmental conditions of Islamabad are better than Beijing [48]. However, a high deforestation rate, lack of landscape greening policies, and encroachments of forested area are deteriorating the environmental conditions of Islamabad [49].



A huge challenge for the megacities is to achieve United Nations’ sustainable development goals (SDGs) by balancing the requirements of environment, social economy and green patches. The government of Beijing has developed different landscape greening policies like the “Urban Greenspace Work Plan (UGWP)” [50] and the “Landscape Greening Plan (LGP)” [45], which are now in implementation phase. Notwithstanding that the green space ratio and the total vegetation area of Beijing has increased significantly, still it failed to meet the requirements of city dwellers. Hence, it is inevitable to investigate the effectiveness of these policies. As far as deforestation in Islamabad is concerned, it is alarmingly high [51], with no landscape greening policy in effect to compensate this loss. If the current situation persists, it will impose serious ecoenvironmental issues to Islamabad.



The current study, based on various scenarios, forecast green areas of Beijing and Islamabad for year 2020 and 2025. Considerable attempts have been made by researchers to simulate or forecast through modeling; including the GEOMOD2 model [52], cellular automata [53] and land transformation model [54]. However, these models have spatially complex systems for simulation. Other forecasting methods, such as fuzzy comprehensive evaluation [55], system cluster analysis [56] and principal component analysis [57], can forecast static changes but doesn’t fit for the simulation of a dynamic system. To overcome the above-mentioned limitations, the dynamics of land system (DLS) model was applied to simulate the land cover and land use changes of Beijing and Islamabad for 2020 and 2025. DLS, developed by Deng et al. [58], has capability to overcome some of the problems present in already tested simulation models. Two special features of DLS that discriminate it from other simulation models, are: (1) it analyzes land demand scenarios at a regional level and performs spatial allocation at a pixel level; (2) it utilizes spatial regressions between LULC classes and influential factors. For instance, in the cellular automat model, the transition rules are developed based on an expert’s experience and knowledge and does not count the relationship of historic land covers, which can affect the simulated results [53,59]. The prominent features of DLS are discussed in Section 2.7.



The current study is carried out in two Asian capitals: Islamabad of Pakistan and Beijing of China. Beijing is a megacity and expanding rapidly as compared to Islamabad. Recently, Beijing has been under enormous environmental problems including, air pollution, urban heat island (UHI) and dust storms. To reduce the environmental pressure, Beijing’s government has developed and implemented several landscape greening policies. Islamabad, in comparison to Beijing, is a small city. Though ecoenvironmental conditions of Islamabad are better than Beijing, vegetation degradation is much higher than Beijing. Furthermore, no landscape greening policy has been developed so far to compensate for the vegetation loss. Being a capital city, Islamabad is expanding rapidly and can face similar environmental issues like Beijing. The primary object of this paper is to simulate LULC changes based on Beijing’s landscape greening policies, and investigate which greening policy of Beijing is most suitable for Islamabad. Secondly, to investigate the effectiveness of Beijing’s greening policies by 2025, if the same policies continue after 2020. Our study attempted to forecast the LULC changes based on three scenarios i.e., BAU, UGWP and LGP. BAU was selected particularly for Islamabad to highlight the future situation of the city’s landscape, if government of Pakistan wouldn’t design any greening policy. The UGWP and LGP scenarios are based on two policies developed by the government of China for Beijing. The results of this study will help the land use planners and policy makers to design appropriate city layouts in future.




2. Materials and Methods


2.1. Study Area


Two Asian capitals, Beijing and Islamabad, were selected for this study (see Figure 1). Beijing is the capital city of China and Islamabad is the capital city of Pakistan. Beijing’s green space policies were taken as a model to forecast the greening status of Islamabad, as Islamabad doesn’t have any greening policy. Beijing’s greenspace policies can help to design a suitable policy for Islamabad after modifications.



Beijing is located at 39°26′ N–41°30′ N latitude and 115°25′ E–117°30′ E longitude. Its elevation ranges 50–2500 m and the total area is 16,412 km2. Beijing is basically divided into fourteen administrative units (districts) [45] (Figure 1). The process of rapid urbanization of Beijing is a serious threat for natural resources of the city. Beijing’s permanent population in 2015 was reported to be 21.7 million and the GDP growth rate crossed 7% [46].



Beijing’s government has designed several landscape greening policies for the city. After the Olympics bid in 2001–2002, Beijing has been concentrating on increasing the urban vegetation area to improve the quality of living conditions. For example, the UGWP [50] and LGP [45] indicate that Beijing’s government is fully aware of environmental issues of Beijing and is taking informed decisions.



Islamabad is located at 33°28′1″ N–33°48′36″ N latitude and 72°48′36″ E–73°24′ E longitude. The elevation of Islamabad varies from 400–700 m. The northern side of the city is flanked by the famous Margalla Hills (see Figure 1). The total area of Islamabad is approximately 906 km2. The city is divided into five administrative zones. Islamabad contributes almost 1% of the national economy and its total population was reported about 1.8 million in 2015 [60]. The climate of Islamabad is humid subtropical with four seasons: spring, autumn, summer and winter.



Urban expansion in Islamabad is also a serious threat for natural resources. As the vegetation cover of the city is being replaced by construction land with time. No greening policy has yet designed to overcome this loss. Even though overall environmental condition of the city seems better than Beijing; being a capital rapid expansion is foreseen which will affect the quality of living conditions [48]. A landscape greening policy is inevitable to compensate the vegetation loss consequent to rapid urbanization.




2.2. Satellite Data


The satellite imagery of Landsat-8 (OLI) and Landsat-5 (TM) were acquired for land cover mapping of Beijing and Islamabad. Land covers of 2010 were developed using Landsat-5 (TM) data whereas, Landsat-8 (OLI) data was used for the land cover classification of 2015 for both cities. To minimize the effects due to the incoming solar radiation angle (shadow problem), and phenological differences, satellite data was downloaded (https://earthexplorer.usgs.gov/) for the months of September, while cloud-cover gaps were covered using satellite data for month of October. Satellite data was preprocessed prior to land cover classification. Standard preprocessing steps were followed including atmospheric corrections, image enhancement, area of interest (AoI) truncation and layer stacking. Specifications of satellite data are given in Table 1.


Table 1. Spectral and spatial characteristics of Landsat (TM) and Landsat-8 (OLI).





	
Satellite Name

	
Spectral Mode

	
Spatial Resolution






	
Landsat (TM)

	
Multispectral

	
30 × 30




	
Panchromatic

	
15 × 15




	
Thermal infrared

	
120 × 120




	
Landsat-8 (OLI)

	
Multispectral

	
30 × 30




	
Panchromatic

	
15 × 15




	
Thermal infrared

	
100 × 100











2.3. Landcover Classification


LULC maps were developed by applying object-based image analysis (OBIA). Definiens Developer, a commercial software [61], was used for object-based classification. The OBIA technique has been broadly applied for more than a decade. Initially, it has been used for high resolution (HR) satellite datasets, but is now being used to classify medium resolution data. The key OBIA advantages are noise reduction and time savings [62]. The OBIA approach uses image objects for classification unlike a pixel-based approach, which incorporates individual pixels for image analysis.



Image objects are generated by the process of image segmentation. The segmentation process is handled by different homogeneity criteria including compactness, shape and layer weight [63]. For this study, image objects were classified based on their shape, geometry and texture [63]. Different indices, including the normalized difference vegetation index (NDVI), the normalized difference water index (NDWI) and normalized difference built-up area index (NDBI), were also incorporated to get maximum possible accuracy. Urban green spaces were extracted by manual editing. The LULC maps are shown in Figure 2. Initially, satellite images were classified in to eight classes (forest, shrubs and grasses, urban green spaces, dense built-up area, sparse built-up area, agriculture, water bodies and bare area). To meet the requirements of DLS model, the shrubs and grasses class was merged with forest class while sparse built-up area class was merged with dense built-up area class (see Table 2). Final LULC maps were simulated based on six classes (see Figure 2). The accuracy assessment was done by selecting some randomly sampled points of homogeneous areas for all land cover classes. All the sample points were selected from centers of the segments. As a final step, sample points were visually verified from high resolution Google Earth images [63,64]. Kappa coefficients for LULC of Beijing was 84% for year 2010 and 87% for year 2015 (see Table 3), and for Islamabad, the Kappa coefficient was 86% for year 2010 and 85% for year 2015 (see Table 4).


Figure 2. LULC classification of (a) Beijing for year 2010; (b) Beijing for year 2015; (c) Islamabad for year 2010; (d) Islamabad for year 2015.
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Table 2. Class names along description for LULC mapping.





	Class Name
	Description





	Mixed vegetation
	This class includes all the forest types, shrubland and grassland outside the urban periphery



	Urban green spaces
	This class consists of all the green land inside the urban periphery. For example, green belts, parks, grounds etc.



	Built-up area
	Built-up area class includes all kinds of construction land. For example, industrial land, residential land, commercial land, metallic roads etc.



	Agriculture
	It is the area covered by all types of crop land (cultivated or maintained) and orchards



	Water bodies
	Area covered by lakes, rivers and drainages



	Bare Area
	Area covered by barren rocks, sand, and bare soil.








Table 3. Accuracy assessment of LULC classification based on OBIA of Beijing for years 2010 and 2015.





	
Beijing




	

	

	
2010

	
2015




	
Class Name

	
No. of Samples

	
Total Area

	
User’s Accuracy

	
Producer’s Accuracy

	
Total Area

	
User’s Accuracy

	
Producer’s Accuracy






	
Mixed Vegetation

	
237

	
106.02

	
90.70

	
93.06

	
111.91

	
91.74

	
93.85




	
Urban Green Spaces

	
87

	
44.02

	
85.22

	
84.33

	
48.41

	
87.45

	
86.68




	
Built-up Area

	
172

	
79.12

	
84.09

	
86.05

	
80.72

	
85.40

	
87.22




	
Agriculture Area

	
96

	
57.16

	
86.54

	
87.93

	
72.28

	
90.01

	
91.08




	
Water Bodies

	
66

	
26.46

	
79.82

	
75.66

	
24.38

	
79.51

	
75.31




	
Others

	
110

	
51.60

	
81.76

	
75.93

	
60.30

	
85.63

	
80.75




	
Overall Accuracy

	

	
85.99

	
88.01




	
Kappa (k)

	

	
0.84

	
0.87









Table 4. Accuracy assessment of LULC classification based on OBIA of Islamabad for years 2010 and 2015.





	
Islamabad




	

	

	
2010

	
2015




	
Class Name

	
No. of Samples

	
Total Area

	
User’s Accuracy

	
Producer’s Accuracy

	
Total Area

	
User’s Accuracy

	
Producer’s Accuracy






	
Mixed Vegetation

	
135

	
73.90

	
90.24

	
93.56

	
71.35

	
87.91

	
91.96




	
Urban Green Spaces

	
69

	
34.46

	
89.73

	
86.19

	
43.29

	
90.16

	
86.74




	
Built-up Area

	
121

	
61.14

	
86.25

	
87.21

	
59.61

	
83.04

	
84.18




	
Agriculture Area

	
68

	
45.12

	
90.35

	
91.71

	
52.48

	
90.00

	
91.41




	
Water Bodies

	
46

	
18.64

	
78.77

	
74.46

	
23.86

	
80.07

	
75.94




	
Others

	
96

	
42.64

	
83.39

	
80.07

	
49.36

	
82.67

	
79.23




	
Overall Accuracy

	

	
87.55

	
86.19




	
Kappa (k)

	

	
0.86

	
0.85











2.4. Drivers of LULC Changes


Several factors can potentially influence LULC dynamics [65]. The influential factor of four categories (climatic, geophysical, socioeconomic and proximity) were selected for this study. Overall, 12 factors that can influence the LULC changes, particularly vegetation classes, were selected for this study. These factors have generally been considered as forecasters of LULC distributions. The predictors used in simulation for this study are listed in Table 5.


Table 5. Variables along their influential factors for simulation of LULC classification.





	
Category

	
Influential Factor

	
Description

	
Source






	
Climatic variables

	
Land Surface Temperature (LST)

	
Calculated using split-window algorithms [66]

	
Landsat (OLI) and Landsat (TM)




	
Air Temperature

	
Annual average air temperature (°C)

	
Pakistan Meteorological department (PMD) and China Meteorological Administration (CMA) [67]




	
Precipitation

	
Total annual precipitation (mm)




	
Geophysical variables

	
Elevation

	
ASTER Digital Elevation Model (DEM) 30 m

	
[68]




	
Slope




	
Soil pH

	
Soil depth for pH is 0.05 m

	
World Soil Information [69]




	
Soil Depth

	
Soil depth up to 2 m




	
Soil Content

	
(2 to 50 micro-meter) mass fraction (%) [0.05 m depth]




	
Socio-economic Variables

	
Population Density

	
Estimates of number of people per grid square (persons/km2) [70]

	
[70]




	
Proximity Variables

	
Distance from urban centers

	
Euclidian distance from the city center (km)

	
DIVA-GIS [71]




	
Distance from the intercity roads

	
Euclidian distance from the highway and expressway (km)




	
Distance from the highways

	
Euclidian distance from the city center (km)










Data for driving factors was collected from diverse sources (see Table 5). The Kriging algorithm was used to interpolate precipitation and temperature [59,72]. The LST was calculated from Landsat-8 and Landsat-5 using split-window algorithms. Slope was calculated from digital elevation model (DEM) that covers both cities. The proximity variables were calculated using ArcGIS 10.1 software. Entire data was resampled according to LULC maps. Finally, logistic regressions were calculated to explore the statistical relationship of LULC types with influential factors using STATA (v12) software. Regression results were then used in DLS model for simulation.




2.5. Spatial Allocation of Landcover Changes


Decision rules were defined for spatial allocation based on 2010 and 2015 LULC changes. Spatial allocation rules were used as a part of simulation inputs; necessary for DLS model. Decision rules values range from 0 to 1. The higher the decision rule value, the lesser the probability of a LULC class to be changed to another class and vice versa. The transition matrices shown in Table 6 and Table 7 indicate the probability of conversion of one LULC class to another, which depends on transitions calculated from the LULC changes of 2010 and 2015 [73]. The transition matrices defined the rules of allocation of one LULC class to anothe for simulation of 2020 and 2025.


Table 6. Transition matrix of LULC classes for year 2010 and 2015—Beijing city.





	
2015→






	
2010↓

	
Class Name

	
Mixed Vegetation

	
Urban Green Spaces

	
Built-Up Area

	
Agriculture

	
Water Bodies

	
Bare Area




	
Mixed Vegetation

	
0.970

	
0.004

	
0.006

	
0.007

	
0.052

	
0.340




	
Urban Green Spaces

	
0.003

	
0.550

	
0.042

	
0.021

	
0.000

	
0.004




	
Built-up Area

	
0.004

	
0.404

	
0.919

	
0.121

	
0.003

	
0.046




	
Agriculture

	
0.004

	
0.026

	
0.014

	
0.839

	
0.009

	
0.014




	
Water bodies

	
0.000

	
0.009

	
0.003

	
0.007

	
0.850

	
0.020




	
Bare Area

	
0.018

	
0.007

	
0.015

	
0.005

	
0.086

	
0.576




	
Grand Total

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000




	
Conversion Rule

	
0.030

	
0.450

	
0.081

	
0.161

	
0.150

	
0.424









Table 7. Transition matrix of LULC classes for year 2010 and 2015—Islamabad city.





	
2015→






	
2010↓

	
Class Name

	
Mixed Vegetation

	
Urban Green Spaces

	
Built-Up Area

	
Agriculture

	
Water Bodies

	
Bare Area




	
Mixed Vegetation

	
0.970

	
0.003

	
0.009

	
0.007

	
0.052

	
0.341




	
Urban Green Spaces

	
0.003

	
0.642

	
0.038

	
0.021

	
0.000

	
0.003




	
Built-up Area

	
0.004

	
0.311

	
0.909

	
0.120

	
0.003

	
0.045




	
Agriculture

	
0.004

	
0.026

	
0.019

	
0.839

	
0.008

	
0.013




	
Water bodies

	
0.000

	
0.009

	
0.004

	
0.007

	
0.853

	
0.020




	
Bare Area

	
0.018

	
0.009

	
0.021

	
0.005

	
0.083

	
0.578




	
Grand Total

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000




	
Conversion Rule

	
0.030

	
0.358

	
0.091

	
0.161

	
0.147

	
0.422











2.6. Scenarios Development


The government of China has developed numerous green space policies to tackle Beijing’s environmental problems. Unlike Beijing, Islamabad has not even a single urban landscape greening policy to compete future environmental threats. To anticipate environmental condition in 2020 and 2025, three scenarios were tested both for Islamabad and Beijing. Two scenarios: UGWP [50] and LGP [45], are designed by the government of Beijing, while third scenario, BAU, reflects the simulation of current situation. All three scenarios are discussed below:



2.6.1. Business-As-Usual (BAU)


This scenario reflects the situation of LULC in 2020 and 2025 in the absence of any comprehensive plan or policy. LULC maps were simulated based on changes for a five-year period i.e., 2010–2015. This scenario was formulated particularly for Islamabad to draw attention of policy makers towards the near-future environmental hazards, which would only be mitigated through suitable greening policies.




2.6.2. Landscape and Greening Plan (LGP)


The “13th Five-Year” Landscape and Greening Plan for Beijing [44] reflects a comprehensive increase in greening resources. According to LGP, a 2300-hectare (ha) (23 km2) urban green space area of Beijing will be increased from 2016–2020, while 200,000 (133.3 km2, as 1 mu = 666.67 m2) barren land will be afforested. For simulation, 23 km2 urban green space area and 133.3 km2 mixed vegetation area was added; replacing the built-up area and barren land, respectively, for Beijing. Beijing’s LGP plan was replicated for Islamabad for simulation. For Islamabad, a 3.6-km2 green space area and 8.86-km2 mixed vegetation area was added; replacing built-up area and barren land, respectively.




2.6.3. Urban Green Space Work Plan (UGWP)


The UGWP [50] scenario refracts an increase in green space resources from 2016–2020. The target of UGWP is to increase 432 ha of urban green space area annually (21.6 km2 in five years). This plan also includes an annual increase of 208 ha of public green space area (10.4 km2 in five years) and 261 ha of attached green space area (13.05 km2 in five years). For simulation, 21.5 km2 of urban green space and 23.45 km2 of mixed vegetation area was added; replacing built-up area and barren land, respectively. The UGWP model was then applied on Islamabad for simulation; replacing 3.02 km2 of built-up area to green space area and 3.61 km2 of barren land to mixed vegetation.



According to the “13th Five-Year” National Economy and Social Development Plan (NESP) for Beijing [74], the population of Beijing will be limited to 23 million by 2020. Therefore, the growth rate of population was analyzed statistically and their impact on built-up area growth was calculated; exchanging 32.4 km2 of built-up land to urban green spaces and agricultural land.





2.7. The Dynamics of Land System (DLS) Model


Dynamics of Land System (DLS) model was applied to simulate the LULC maps of 2020 and 2025. DSL was developed by Deng et al. [58] and it has the capability to overcome some of the problems present in already-tested simulation models. Two special features discriminate DLS from other models: (1) it analyzes land demand scenarios at regional level and performs spatial allocation at pixel level. (2) it utilizes spatial regressions between LULC classes and influential factor. These two features discriminate DLS from other simulation models. For examples, in the cellular automat model, the transition rules are developed based on an expert’s experience and knowledge and does not count the relationship of historic LULC maps which can affect the simulation results [59]. Similarly, an agent-based model (ABM) signifies a simple relationship of LULC classes with agents, but the land system is quite complex, therefore, it can affect the simulation accuracy [75]. DLS forecasts LULC patterns at the regional scale as well as at the pixel level. At the regional scale, LULC simulation occurs according to the changing land demand due to socioeconomic activities. At the pixel level, changes in LULC classes happen through the relationship estimated between influential factors (climatic, geophysical, socioeconomic and proximity) and LULC classes. DLS considers external demand as well as influence of adjacent driving forces, it controls random disorders and emphasizes internal suitability. Therefore, this model is robust for LULC simulation in terms of simulation accuracy and expression of mechanism [58,76].



Figure 3 indicates three main modules of DLS including local characteristics, historical characteristics and regional characteristics. In local characteristics, driving factors are listed in Table 3. Spatial regression was performed between LULC classes and driving factors to use them as input in DLS. Conversion probability and conversion rules are shown in Table 4 and Table 5. Historical characteristics include the statistics of historic LULC. Regional characteristics indicate change in LULC classes based on different scenarios (policies).


Figure 3. DLS modules for LULC simulation (Source Deng et al. [58]).
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3. Results


3.1. Performance of DLS Model


Figure 4 indicates actual and simulated LULC for both Beijing and Islamabad. Results of DLS model (simulated LULC for 2015) were validated from LULC classification developed from Landsat images of 2015. In Figure 4, the actual LULC is classified from Landsat imagery of 2015, whereas simulated LULC was prepared using the DLS model, taking 2010 as the base year.


Figure 4. Actual and simulated LULC for 2015: (a) Actual LULC classification of Beijing; (b) Simulated LULC classification of Beijing; (c) Actual LULC classification of Islamabad; (d) Simulated LULC classification of Islamabad.
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An accuracy assessment was performed on DLS model’s simulated LULC classification for 2015; Landsat image classified LULC was taken as reference. Accuracy assessment matrices were performed both for Beijing (see Table 8) and Islamabad (see Table 9). Altogether, accuracy assessment for both cities is above 87%. Kappa coefficient for Beijing is 94.4%, and for Islamabad 91.9%.


Table 8. Accuracy assessment matrix between image classified and DLS’s simulated LULC classes of Beijing city for 2015.





	

	

	
Classification by Landsat Image






	
Simulation by DLS Model

	
Class Name

	
Mixed Vegetation

	
Urban Green Spaces

	
Built-Up Area

	
Agricultural Land

	
Water Bodies

	
Bare Area




	
Mixed Vegetation

	
98.111

	
2.407

	
3.410

	
0.807

	
1.611

	
1.577




	
Urban Green Spaces

	
0.066

	
89.002

	
1.139

	
0.328

	
0.229

	
0.949




	
Built-up Area

	
0.581

	
4.143

	
94.449

	
1.622

	
3.843

	
2.313




	
Agriculture

	
1.171

	
3.720

	
0.490

	
96.309

	
2.515

	
6.177




	
Water Bodies

	
0.024

	
0.449

	
0.131

	
0.048

	
91.237

	
1.925




	
Bare Area

	
0.047

	
0.279

	
0.380

	
0.885

	
0.566

	
87.059




	

	
Kappa = 94.4%









Table 9. Accuracy assessment matrix for LULC classification of Islamabad city.





	

	
Classification by Landsat Image






	
Simulation by DLS Model

	
Class Name

	
Mixed Vegetation

	
Urban Green Spaces

	
Built-up Area

	
Agricultural Land

	
Water Bodies

	
Bare Area




	
Mixed Vegetation

	
95.095

	
0.902

	
0.438

	
0.464

	
2.619

	
4.748




	
Urban Green Spaces

	
1.816

	
87.433

	
0.508

	
3.070

	
0.556

	
0.203




	
Built-up Area

	
2.337

	
1.005

	
96.207

	
4.879

	
0.310

	
1.324




	
Agriculture

	
0.734

	
0.027

	
2.533

	
91.567

	
0.374

	
0.330




	
Water Bodies

	
0.013

	
0.358

	
0.015

	
0.009

	
95.927

	
0.143




	
Bare Area

	
0.004

	
10.274

	
0.299

	
0.012

	
0.214

	
93.253




	

	
Kappa = 91.9%











3.2. Simulation of LULC Changes for 2020 and 2025


LULC changes for Beijing and Islamabad were simulated based on three scenarios i.e., BAU, UGWP and LGP. LULC based on BAU scenario were simulated particularly for Islamabad. In the absence of any landscape and greening policy for Islamabad, this scenario will help the government officials to understand the consequences of rapid urbanization and vegetation degradation. UGWP and LGP are CGI policies developed by government of China for Beijing. Besides Beijing, UGWP and LGP were tested for Islamabad as well to investigate the effectiveness of these policies for capital of Pakistan. Scenario-based LULC maps for Beijing and Islamabad are shown in Figure 5 and Figure 6. Visually an urban sprawl is comparatively more prominent LULC class that indicates a clear picture of expansion of the both cities.


Figure 5. LULC change simulation of Beijing—under three scenarios: (a) Business-as-usual 2020; (b) Business-as-usual 2025; (c) Urban Green Space Work Plan 2020; (d) Urban Green Space Work Plan 2025; (e) Landscape and Greening Plan 2020; (f) Landscape and Greening Plan 2025.
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Figure 6. LULC change simulation of Islamabad city under three scenarios: (a) Business-as-usual 2020; (b) Business-as-usual 2025; (c) Urban Green Space Work Plan 2020; (d) Urban Green Space Work Plan 2025; (e) Landscape and Greening Plan 2020; (f) Landscape and Greening Plan 2025.



[image: Sustainability 10 01049 g006]






Graphical representation of LULC changes from 2010 to 2025 are depicted in Figure 7 and Figure 8. Under the BAU scenario, 1.9 km2 per year decrease in mixed vegetation (all types of vegetation except urban green spaces) area of Beijing was observed, however urban green spaces tend to increase, which ultimately leads towards improvement of CGI of Beijing. Built-up area, bare land and water bodies of Beijing also increases while agricultural land decreases. The mixed-vegetation class of Islamabad exhibited an alarming situation; decreasing at a rate of approximately 5 km2 per year. The agricultural class also forecasted a decline. However urban green spaces cover almost the same area from 2010 to 2025 under the BAU scenario. The built-up area is anticipated to have continuous expansion with minute increase of bare area and water bodies. Hence, the BAU scenario for Islamabad forecast an overall decline of CGI.


Figure 7. Statistics of Beijing: (a) mixed vegetation; (b) urban green spaces; (c) built-up area; (d) agricultural land; (e) water bodies; (f) bare area.
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Figure 8. Statistics of Islamabad: (a) mixed vegetation; (b) urban green spaces; (c) built-up area; (d) agricultural land; (e) water bodies; (f) bare area.
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The UGWP scenario for Beijing envisioned an increase in overall vegetation area i.e., mixed vegetation class will decrease by 0.27 km2 per year and urban green spaces will increase by 9 km2 per year from 2015 to 2025. The Built-up area class will have a sluggish decline (as illustrated in Figure 7), which is contrary to BAU scenario. Water area is almost the same, while a decreasing trend can be seen for bare area class. To sum up, under UGWP scenario, the CGI of Beijing will improve exponentially. LULC dynamics of Islamabad under UGWP foresee slighter increase in vegetation classes. Thus, it can be deduced that the UGWP scenario is ineffective in increasing green area of Islamabad at required rate; as rate of vegetation degradation in Islamabad is much higher than Beijing. Still an increasing trend can be seen for mixed vegetation and green spaces classes (see Figure 8), and overall vegetation area will improve. The Built-up area is increasing while agricultural land is decreasing following the BAU trend. Water area changes are within 1 km2 for all scenarios, a little increase in water area was observed under UGWP as compared to BAU, while bare area decreases with time. In a nutshell, minor improvement can be claimed in CGI of Islamabad under the UGWP scenario.



The third scenario i.e., LGP will have optimum impact on mixed vegetation class of Beijing than both the BAU and UGWP scenarios. However, greenspaces follow the trend of UGWP. Rapid increase in vegetation area under this scenario is because Beijing’s government has planned to convert 133.3 km2 barren land into forest cover from 2015–2020. Consequently, bare area decreases rapidly, while other classes follow the trend like the UGWP scenario. The vegetation dynamics of Islamabad under LGP indicate a decent increase in mixed vegetation cover (approximately 10 km2) while a significant increase in urban green spaces can also be seen in Figure 8. Overall a noticeable improvement in CGI of Islamabad can be seen in the graphs under LGP scenario. There is a dire need to take serious actions against the drivers of vegetation degradation. Bare area slightly decreases as compared to BAU and UGWP, while other classes follow the trend of UGWP.





4. Discussion


Current research study has forecasted the LULC dynamics based on different vegetation scenarios using the DLS model. LULC changes were simulated under three scenarios; namely BAU, UGWP and LGP for the years of 2020 and 2025. BAU is the continuation of LULC changes occurred during the period of 2010 to 2015, and it was considered particularly for Islamabad to aware the land use planners, policy makers and landscape managers of Islamabad about the alarming situation of the city in near future. UGWP and LGP are based on two CGI policies designed for Beijing. UGWP and LGP policies were tested on Islamabad as well to foresee the landscape scenarios of 2020 and 2025. Simulation was performed for 2020 and 2025; the government of Beijing normally develop their policies for periods of five years [45,50]. A LULC simulation for 2025 was conducted to investigate the efficiency of current policies; if similar policies continue after 2020 i.e.,14th five-year plan.



For LULC simulations, 2010 is considered as a base year, and future scenarios are forecasted based on the LULC changes between 2010 and 2015. The accuracy assessment was done by selecting some randomly sampled points of homogeneous areas for all land cover classes. All the sample points were selected from centers of the segments. As a final step, sample points were visually verified from high resolution Google Earth’s images [63,64,65]. Kappa coefficients for LULC of Beijing is 84% for year 2010 and 87% for year 2015 (see Table 3), and for Islamabad Kappa coefficient is 86% for year 2010 and 85% for year 2015. DLS model’s simulated results present a decent accuracy as Kappa coefficient is more than 90% for both Beijing and Islamabad. These accuracies are better than previously used simulation models [52,53,59,75]. It is because DLS has two special features that other models don’t have: (1) it analyzes land demand scenarios at regional level and performs spatial allocation at pixel level (2) it utilizes spatial regressions between LULC classes and impact factor. These two features discriminate DLS from other simulation models and help to deal with the complexity of city systems [58].



The time interval between 2010–2015 indicates an improvement in CGI of Beijing. Although, there is every chance of vegetation degradation due to LULC changes, the CGI policies seems to be effective in improving the vegetation coverage of the city. Beijing is making earnest efforts to increase urban green spaces through the implementation of several landscape and greening policies. Simulation results of Beijing suggest an increase in green area coverage under all three scenarios. Even the BAU scenario indicates an overall increase in CGI. Directional analysis (see Figure 9) demonstrated that the mixed-vegetation class of Beijing spread in the north and northeast directions, and this directional spread will prevail up to 2025 for BAU. Urban green spaces for Beijing has wider spread than Islamabad; along the east, west, north, south, northwest and southwest directions. Urban green spaces sprawl will further shift slightly towards southwest direction from 2010 to 2025 period. Under the LGP scenario, the green area of Beijing indicates a rapid increase. Under this policy, Beijing’s government has a plan to increase the urban green space area by 23 km2 and 133.3 km2 barren land will be afforested from 2016–2020 [45]. The UGWP policy will also increase almost the same amount of urban green space area (21.6 km2), however, under this policy only 24.5 km2 attached vegetation area will be afforested from 2016–2020. Results of current study indicate that if both policies are implemented successfully, then existing environmental issues might be controlled to a certain degree. However, some studies contradict the perception of our study. For example, Li et al. (2016) [43] simulated the green space policies by taking 2000 as a base year and concluded that only LGP policy can restore enough green space area to cross the green space area base year (2000). Although green space area will increase under other policies, but not enough to meet the requirements of the city. Authors further described that the green space area of Beijing is consistently increasing after the successful Olympic bid in 2001, still it is not enough to control the current environmental issues of the city. Results of the current study also indicate that LGP is the most effective policy in improving the CGI of Beijing; which coincides with conclusions of Li et al. (2016) [43].


Figure 9. Directional analysis of LULC classes sprawl under BAU scenario. (a) Mixed vegetation class of Beijing; (b) urban green spaces of Beijing; (c) mixed vegetation class of Islamabad; (d) urban green spaces of Islamabad.
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Results of Islamabad indicate a high rate of vegetation degradation during time interval of 2010–2015. BAU scenario envisioned an alarming picture of city’s landscape for 2025; approximately 100 km2 vegetation area is going to be washed out from 2010–2025. BAU scenario forewarns that if vegetation degradation continues at this rate, 26.5% of the total vegetation cover will be converted to other LULC classes by 2025. It is worth mentioning that Islamabad has no CGI policy to compensate for this depletion. Directional analysis of Islamabad (see Figure 9) illustrates that mixed vegetation class sprawl is in eastward direction with some spread in northeast and southwest in 2010. Under the BAU scenario, this directional spread of mixed vegetation class will continue. The spread of urban green spaces of 2010 is along south and southwest and south direction and will sustain up to 2025 under BAU. UGWP and LGP policies don’t seem to fulfil the requirements of the city dwellers until the rate of vegetation loss is minimized. UGWP and LGP policies of Beijing were tested on Islamabad, by increasing vegetation classes to same proportion as of Beijing. Simulated results show a slightly better picture of the Islamabad’s landscape. Due to high rates of vegetation degradation, UGWP does not seem to be effective for Islamabad. Whereas LGP can be implemented on Islamabad after modifying it according to local conditions and available resources. Besides an effective CGI policy, Islamabad also needs proper land use planning and landscape management to conserve existing natural vegetation. Though current ecological and environmental situation of Islamabad is not as shocking as of Beijing [48], yet many environmental issues may arise if the current situation prevails. Comparatively better environmental conditions of Islamabad are due to less population density, low urbanization rate and a higher vegetation area per person (see Figure 10). However, the vegetation area per person ratio is decreasing rapidly with time.


Figure 10. Graphical representation of vegetation area per person for (a) Beijing; (b) Islamabad.
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Naeem et al. (2018) [48] compared the ecoenvironmental conditions and cooling effect of vegetation in local climatic zones of Beijing and Islamabad. Authors concluded that the cooling effect of vegetation in urban zones, and overall ecoenvironmental conditions of Islamabad are better than Beijing; which are due to less built-up area cover and higher vegetation fraction of Islamabad. Figure 10 describe the vegetation fraction per person in different administrative units of Beijing and Islamabad.



Though Beijing is a megacity as compare to Islamabad, the compactness of both cities, as determined by Polsby–Popper Test [image: ] (where A is area and p is perimeter of the city), is comparable with Polsby–Popper score of 0.37 for Islamabad and 0.30 for Beijing [77].



In the absence of any landscape and CGI policy, no policy-based research on green space changes has even been conducted for Islamabad. Contrarily, the Chinese government has developed different land use, landscape and greening policies to mitigate the serious environmental issues of Beijing. For policy-based vegetation dynamics, Islamabad needed a referenced city for basic investigations. China and Pakistan are working on many projects of mutual interest like the China–Pakistan Economic Corridor (CPEC). Therefore, it is more of a possibility for collaboration to reach the UN’s Sustainable Development Goal 11—Sustainable Cities and Communities. The government of Pakistan needs to follow in China’s footsteps and should formulate landscape planning policies. Beijing’s policies can act as baseline while developing policies for Islamabad. Current research study can facilitate policy makers and land use planners, as Beijing’s landscape and greening policies are investigated in detail and situation is simulated for Islamabad. Urban landscape greening policies may be formulated by involving local community, stakeholders and experts through participatory GIS approach. A web-based multicriteria spatial decision support system (SDSS) can be designed to evaluation suitability of various factors like size, shape, location, type of proposed plantation etc. for increasing urban greenery [78,79,80].




5. Conclusions & Recommendations


The primary focus of current research study is Islamabad, as landscape greening policies of Beijing are in already in the implementation phase. These efforts are to inform urban planners and policy makers about the massive loss of natural resources of Islamabad. This study concludes that Beijing’s green area is increasing, and the rate of vegetation expansion is speeding up with time. With the current approach, Beijing will be able to mitigate existing environmental issues to some extent. The LGP policy was found to be more effective as compared to the UGWP and BAU scenarios. Islamabad needs to design landscape and greening policies like Beijing. Direct implementation of Beijing’s UGWP and LGP policies in Islamabad will just conserve or slightly improve the ongoing situation of CGI. There would no significant improvement in developing the green infrastructure of the city. It is therefore concluded that Beijing’s policies cannot be directly implemented on Islamabad, rather Beijing’s greening policies need to be updated according to the local conditions and available resources. With an effective policy, Islamabad’s government must take substantial actions against the drivers or sources of vegetation degradation.



Socioeconomic activities of Islamabad and Beijing are dissimilar, in addition, Beijing’s policies were developed according to the local circumstances. Therefore, results of the current study do not recommend any of Beijing’s CGI policies, even if it shows a perfect landscape scenario. Nevertheless, Beijing’s landscape and greening policies can be considered as a baseline to be updated according to the local circumstances of Islamabad. These policies are being implemented at the same time under different institutions; therefore, a collective effect on green resources would show an even better landscape scenario. This current study will be beneficial for researchers, urban planners and policy makers to design appropriate city layouts with proper management of CGI. If a single policy is not enough to fulfil the needs of city dwellers, then Islamabad should follow Beijing’s model of different policies under different institutions.



For further investigation, a WebGIS-based Spatial Decision Support System (SDSS) can be designed to effectively involve public authorities and stakeholders in the decision-making processes and in the collaborative definition of policies and strategies.
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