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Abstract 

This study evaluated and weighed the spatio-temporal dynamics of urban sprawl in Oyo town. 

Sprawl in nigeria is a menace that is very obvious with various unsustainable impacts, presenting 

concern for ecofriendly sustainability. Landsat images of years 2003, 2013 and 2021 were classified 

to produce land use land cover maps. Urban sprawl and expansion were analyzed using post-

classification transformation finding and spatial metrics methods, respectively. The outputs 

revealed built-up area grew by 0.40% during the first period (2003-2013) studied, and 14.25% 

during the second period (2013-2021). While non-built-up encompass an area of 4640.12 km2 

(97.48% of total area), and it decreased to 4620.01 km2 (97.06%) in 2013, and 3941.05 km2 

(82.80%) in 2021. During the third period (2003-2021), built-up area enlarged from 1.68% of the 

total area in 2003 to 16.33% in 2021, indicating a great change of 14.65% in built-up area between 

year 2003 and 2021. The analysis further revealed a growth coefficient of 2.424%, which indicated 

that Oyo town is experiencing urban sprawl. According to the urban expansion intensity index scores 

of 0.814%, Oyo recorded a relatively medium speed urban expansion between year 2003 and 2021. 

Urban sprawl in Oyo has caused land degradation, loss of vegetation cover, loss of natural habitat, 

and contamination of surface water amongst other things. In view of the vital part played by 

vegetation as a carbon sink, policy makers are requested to strictly enforce laws to achieve 

maximum control over urban growth, development and sprawl within Oyo town. 

 

Keyword: Urban Sprawl; Land Use Land Cover Maps; Spatio-temporal Dynamics; Spatial Metrics; 

Land Degradation 

 

Introduction 

Urban sprawl denotes the level of development, which is a global spectacle majorly influenced by 

population growth and large-scale migration. All nations are liable to this baffling occurrence 

predominantly accountable due to the rise in population growth, economy and infrastructure 

initiatives. The rate of urbanization or the sprawl is one such phenomenon that drives the change 

in land usage forms. Sprawl usually occur in radial course round the city center or in linear course 

along the express roads. Generally urban sprawl exists on the urban frontier, at the edge of an 

urban area or along the highways. 
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Urbanization has become not only a manifestation but also an engine of change on how humans 

use and view the environment, urbanization creates opportunities, and it also causes problems 

for human life. Some land-use planners think that urban sprawl enhances the quality of life and 

promotes economic growth (Burchell et. al, 2010). However, the growing human activity in urban 

regions contributes to changes in usage for land and subsequent adverse effects on such affected 

urban areas (Deng et. al., 2019; Weng, 2007) 

Similarly, rapid urban growth has caused some environmental problems, such as the loss of 

agricultural land, land degradation, water shortages, and pollution (UNFPA, 2013). In developing 

countries, unrestrained and rapid growth leads to formation of slums, inequity, and the absence 

of appropriate infrastructure in relations to roads, shelter, water, and hygiene (UN-Habitat, 

2010;2016). Similarly, the swift transformation in built-up land or urban sprawl in Nigerian Cities 

results in deficiency of infrastructure (such as roads, appropriate drainage constructions, waste 

collection and disposal infrastructure) which cannot handle the degree of growth (Obiefuna et. 

al., 2013).  

Nigerian Cities are experiencing high percentage of environmental weakening and are evaluated 

amid urban areas with the bottommost livability index in the universe (Adedeji and Eziyi, 2010), 

this is due to attempt by Nigerians to adjust their apparently unending wants and desire for food, 

shelter, recreation, transportation, infrastructural facilities e.t.c to the land and other 

environmental resources available to them. As a result, urban utilities for example roads / streets, 

housing, energy, water supply and waste management systems are depreciating and this has 

compounded the way the cities are sprawling. 

Previous researches adopted Land Consumption Rate (LCR) and Land Absorption Coefficient 

(LAC) as the indices for studying Urban Sprawl in Oyo without regard for models that could 

establish the fact that urban sprawl really exists as well as quantifying its spatial and temporal 

dynamics 

To address this, specific factors responsible for the occurrence of sprawl in Oyo needs to be 

determined. With this in mind, this research was aimed to monitor the trend of urban sprawl in 

Oyo Town between 2003, 2013, 2021 using GIS and Remote Sensing methods so as to understand 

the behavior of urban sprawl, the resulting impacts of such sprawl on existing Land use/Land 

cover to enable informed decision making. 

 

Objectives 

In order to achieve the aim of this research, the following objectives were followed:  

i. estimate the settlement growth and land use change in Oyo from 2003-2021 

ii. quantifying the Spatio-temporal Dynamics of Urban Sprawl in Oyo Town 

iii. predict the land use change for the stated Sustainable development goals year 2030 

 

Methodology 

Study area 

Oyo is the ancient city in Nigeria's south-west region and is situated at an estimated latitude of 7° 

25' to 8° 25' north of the Equator and longitude of 3° 2 ' to 4° 45' east of the Greenwich. The area 

is considered to be the most perfect and favorable to the development of human occupation and 

settlements. A hilly, dissected terrain with numerous peaks at about 400 meters above sea level 

(MSL) characterizes the region.   
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Figure 1: Study Area (Oyo Town) 

 

Data sources 

The data sets utilized were Landsat images of Oyo Town for the years 2003, 2013 and 2021. The 

Landsat Images were downloaded and classified as secondary data with their characteristics 

presented in table 1. 

 

Table 1: Data Used and their characteristics 

S/N DATA DATA TYPE DATA SOURCES PURPOSE 

1 Secondary Data Landsat Imagery of 2003, 2013 

and 2021. 

United States Geological 

Survey (USGS) website. 

To identify the 

various land 

use in study 

area 

2 Secondary Data Administrative map of 

Oyo State/Local Government Areas, 

Population Data 

 

grid3.gov.ng/dataset/Oyo-local-

government-administrative-boundaries 

www.worldpopulationreview.com 

To derive 

boundary 

information 

and 

differences in 

population 

3 Primary Data Ground Survey Method GPS Observation To create 

ground truth 

image for 

classification 

accuracy 

assesment. 

http://www.worldpopulationreview.com/
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Table 2: Landsat Data Specifications 

Satellite 

Spacecraft 

Spectral 

Bands 

Sensor Path and Row Date of Landsat 

Image 

Acquisition 

Spatial 

Resolution 

Purpose 

Landsat 7 8 Bands ETM+ 191/054 and 191/055  29/01/2003 30m LULC 

Classification Landsat 7 8 Bands ETM+ 191/054 and 191/055 18/12/2013 30m 

Landsat 8 11 Bands OLI TIRS 191/054 and 191/055 21/12/2021 30m 

 

Data processing and analysis 

Digital remote-sensing data of the Landsat images was employed to map various LULC classes in 

Oyo, Nigeria. Bands 4, 3 and 2 for Landsat ETM+ images, and bands 5, 4 and 3 for Landsat 

OLI_TIRS image was adopted to create false colour composite images for the different years 

studied. 

The classification of Landsat imagery was done with Idrisi Selva software based on supervised 

maximum-likelihood classification where each pixel was classified based on the following classes: 

built-up land, farmland, forest, bare-ground and water bodies. For this study, decisions were 

made on the elements of each classes as follows: Built-up areas include all paved areas such as 

residential, commercial, industrial buildings, roads and transportation and; mixed urban, 

Farmlands include places (such as crop fields, fallow lands, vegetable lands), Forest (such as 

deciduous forest, mixed forest lands, palms, conifer, scrub and others) and Waterbodies include 

river, open water, lagoons, lakes, reservoirs and ponds. 

Ground truthing was embarked to confirm how reliable and accurate the classifications were and 

to affirm that land use land cover as classified were real from the image processing. This was 

adopted to develop a ground truth image which formed the basis of the computed 

error/confusion matrix. 

The confusion matrix provides overall accuracy, user accuracy, producer accuracy, and kappa 

statistics. Kappa coefficient was determined by using Equation (1). According to (Mishra & Rai, 

2016), a kappa coefficient value below 0.4 shows poor agreement, a value between 0.4 and 0.8 

depicts a moderate agreement, and values more than 0. 8 shows a strong agreement. 

K = N∑ 𝑋𝑖𝑖𝑟
𝑖=1  - ∑ (𝑋𝑖+)𝑟

𝑖=1  * (X+i) 

 N2 -  ∑ (𝑋𝑖+)𝑟
𝑖=1  * (X+i)      (1) 

K = (Total * sum of correct) – sum of all the (row total * column total) 

  Total squared – sum of all the (row total * column total) 

 

Where r - rows number in the matric, Xii-number of observations in row I and column I (the 

diagonal elements), X+I and Xi+ - the marginal totals of row I and column I, respectively, and N – 

observations number. (Mishra & Rai, 2016). Furthermore, the total accuracy values and the kappa 

values for the classified images of 2003, 2013, and 2021 were calculated. The kappa values for all 

LULC maps are 0.9440, 0.9898, and 0.9388 for year 2003, 2013 and 2021 respectively, these are 

greater than 0.90, which represents strong to perfect agreement. 

 

Estimation of settlement growth and land use change in Oyo 

The LULC change analysis was executed using Cross-Tabulation Method and Land Change 

Modeler (LCM) in IDRISI. The sequential successions of Land use change maps was studied to 
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spot changes.  The early state (2003) land-use classes (columns) were cross-tabulated with the 

final state (2021) land-use classes (rows) to obtain the Cross-Tabulation result. 

The Land Change Modeler provides numerical valuation of land use class changes with respect to 

net changes, swap, gains, losses and total changes (Eastman, 2015), which were derived from 

images of consecutive dates, and the results are displayed in maps and statistics. 

 

Quantifying the spatial and temporal dynamics of urban sprawl in Oyo town 

To quantify rate, intensity, and patterns of urban expansion across Oyo Town over the study 

period, three major matching growth indices were adopted. These included: Average Annual 

Urban Expansion Rate (AUER) (Liu, et al., 2010), Urban Growth Coefficient (UGC) and Expansion 

Intensity Index (UEII) ( (Lu, Guan, He, & Zhang, 2014); (Qiuying, Chuanglin, Guangdong, & 

Zhoupeng, 2015)). The AUER computes the mean annual rate of expansion of built-up land for the 

study area between two periods—the base year and the final year. The index results in an 

estimate depicting the quantum rate at which built-up land of a given region is changing 

(Acheampong, Agyemang, & Abdul-Fatawu, 2017).   

ULAt2i     1 

  AUERi =      t2-t1    - 1    *  100     (3) 

    ULAt1i 

 

 

Where AUERi is Annual Urban Expansion Rate; ULAt1i and ULAt2i are the area of urban built-up 

land at times t2 and t1, respectively. In this project, t1 = 2003 and t2 = 2021. Once the rate of 

urban expansion was quantified, Urban Growth Coefficient was calculated to determine whether 

urban growth is sprawling or densifying. A composite metric that utilizes the rate of urban 

expansion (Rode, et al., 2017) was used for this exercise. The Coefficient calculation is shown in 

the formula below (Equation (4)).  UGC =      Rate of Urban Expansion 

      Rate of Urban Population Growth  (4) 

 

According to (Rode, et al., 2017), a UGC greater than 1 indicates a sprawling growth, i.e., built-up 

land is increasing faster than the population in a given area. On the other hand, a UGC of less than 

1 signifies densification. 

The UEII represents the average annual proportion of newly increased urban built-up area 

relative to the total area that changed (Lu, Guan, He, & Zhang, 2014). The UEII formula (Equation 

5) computes the average annual growth area standardized by the total area of a particular spatial 

unit.    ULAt2i  -   ULAt1i 

  UEIIi =      *  100     (5) 

      TLAi   *  Δt 

 

Where UEIIi is Urban Expansion Intensity Index of unit i; ULAt2i and ULAt1i i are the areas of urban 

built-up land at times t2 and t1, respectively; TLAi is the total land area within the study area i 

and Δt is the study time period (i.e., t2 and t1). According to (Abdullahi & Pradhan, 2017), UEII 

reflects the future direction and the potential of urban expansions as well as compares speed or 

intensity of urban land-use change in different periods. The following indices were designed as a 

benchmark for interpreting UEII output values. This ranges from <0.28 (very slow expansion), 
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0.28–0.59 (slow expansion), 0.5–1.05 (medium-speed expansion), 1.05–1.92 (high-speed 

expansion), and >1.92 (very high-speed expansion) (Abdullahi & Pradhan, 2017) 

 

lulc change prediction using markov chain analysis 

This study used MCA method to forecast the future LULC change in specific time, it was adopted 

to suggest the quantity of changes using two LULC maps (2003 and 2021). The LULC changes of 

2030 are predicted using the transition probability function from sub-model transitions and the 

calculation of Markov chain using the year 2013 as the reference date. The intermediate output 

of Markov chain is a matrix with the expected quantity of changes for each considered transitions 

until the projected dates. Thus, the estimation of LULC map of 2030 was based on the transition 

probability matrix of LULC changes between 2013 and 2021. 

 

Results and Discussion 

Land use land cover map 

The spatial and quantitative distribution of LULC classes for the three years are presented in 

Table 3 and Figures 3,4. It is clearly shown that there are significant changes in LULC and growth 

of built-up area from 2003 to 2021. It was observed that in 2003, built-up occupied an area of 

79.963 km2 (1.68% of total area), and it increased to 98.918 km2 (2.07% of total area) in 2013, 

later increased to 777.177 km2 (16.33% of total area) in 2021 

 
LULC OF OYO TOWN, 2003         b. LULC OF OYO TOWN, 2013               c. LULC OF OYO TOWN, 2021 

Figure 2: Classified LULC Maps of Oyo Town for year a. 2003     b. 2013 c. 2021 

 

Table 3: Area statistics of LULC for the years 2003, 2013 and 2021 

YEAR 2003 2013 2021 

LULC CLASS Area (km 2) Area (%) Area (km 2) Area (%) Area (km2) Area (%) 

BUILT-UP AREA 79.96 1.68 98.92 2.08 777.18 16.33 

FOREST 1403.79 29.49 1289.28 27.09 1836.35 38.58 

WATER BODY 39.80 0.84 40.95 0.86 41.65 0.88 
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BARE-GROUND 2509.67 52.73 2015.43 42.34 1285.08 27.00 

FARMLAND 726.66 15.27 1315.31 27.63 819.62 17.22 

TOTAL 4759.88 100.00 4759.88 100.00 4759.88 100.00 

 

 
Figure 3: Changes of LULC from 2003 to 2021 in graphical form 

 

Estimation of settlement growth and land use change in Oyo 

Cross Tabulation Method 

In this study, the cross-tabulation analysis was utilized to quantify LULC changes during 2003–

2021. A comparison of the two maps in Figure 2a and 2c indicates that spatial changes in land-

use have occurred over the 18-year study period. Through post-classification change detection 

analysis, the land-use conversion matrix between the 2003 and the 2021 classified maps was 

produced. Table 6 provides quantitative information revealing the change affiliation between the 

five land-use classes. 

 

Table 3: the conversion matrix of land-use change classes from 2003 to 2021(unit: km2)    
Initial State (2003) 

  

  
Built-up Forest Water Body Bare-ground Farmland Total 

 
Built-up 27.7956 113.026 0 532.0323 104.324 777.177 

Final 

State 

(2021) 

Forest 31.1791 1014.97 0.7128 685.2204 85.3128 1836.35 

Water Body 0 2.538 39.0816 0.0198 0.0153 41.6547 

Bare-ground 16.551 126.549 0 1028.511 113.473 1285.08 
 

Farmland 4.4343 146.708 0.0081 244.9278 423.537 819.616 
 

Total 79.96 1403.79 39.8025 2490.7113 726.662 4759.89 
 

Class Change 52.1644 388.821 0.7209 1462.2003 303.125 
 

  Source: Author, based on 2003 and 2021 classified images 

 

Land Change Modeler 

The LULC change analysis during the study period was also carried out using LULC maps of years 

2003, 2013 and 2021 with the change analysis tool in LCM. The gains and losses of LULC changes 

experienced by different classes were evaluated and most of the classes are showing both gains 

and losses 
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Figure 3a. Period 1 

 

  
Figure 3b. Period 2 

 

  
Figure 3c. Period 3 

Figure 5: Gains and losses in LULC (in km2) and contributions to net change in built-up land (in 

km2) during (a) 2003–2013, (b) 2013–2021 and (c) 2003–2021 

 

Table 4 Gains, losses and net changes in LULC during periods 1, 2, and 3 (in km2) 

YEAR 2003-2013 (period 1) 2013-2021 (period 2) 2013-2021 (period 3) 

LULC Class Losses Gains  Net 

Change 

Losses Gains  Net 

Change 

Losses Gains  Net 

Change 

Built-up Land 84.52 65.57 18.95 729.62 32.40 697.21 749.381 71.123 678.26 

Waterbodies 1.87 0.72 1.15 1.05 0.35 0.70 2.5731 0.7209 1.85 

Non-built-up 

Land 

1824.65 1806.85 17.80 1190.92 1888.84 -697.91 1474.03 2154.15 -680.11 

 

The contributions to the net change of built-up area during period 2 are as follows: 697.90 km2 

(15.11%) of non-built-up lands were transferred to built-up area. During period 3, non-built-up 

lost 2154.15 km2 (− 96.77%) and gained 1474.03 km2 (66.22%), with a net loss of 680.11 km2 (− 

18.75%). Waterbodies lost 0.72 km2 (− 0.03%) and gained 2.57 km2 (0.12%), with a net gain of 

1.85 km2 (56.23%). Built-up area lost 71.12 km2 (− 3.20%) and gained 749.38 km2 (33.67%), with 
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a net gain of 678.26 km2 (82.66%). The contributions to the net change of built-up area during 

period 3 are as follows: 678.26 km2 (17.21%) of non-built-up lands were transferred to built-up 

area, while no waterbodies were transferred to built-up area. 

The results clearly showed that during all periods, a considerable changes and transitions were 

observed among different LULC classes. Gains and losses in LULC (in km2) and contributions to 

net change of built-up area (in km2) during period 1, period 2 and period 3 are displayed in Table 

6 and Figure 4(a–c).  Gains and losses in various LULC during 2003-2021 and the combined LULC 

change map during 2003-2021 are shown in Figure 5(a–e). 

 

Quantifying the spatial and temporal dynamics of urban sprawl in Oyo town 

Based on the spatial metric analysis, this study quantified rate, intensity and spatial patterns. The 

analysis revealed a growth coefficient of 2.424%, which indicates that the area is experiencing 

urban sprawl—a low-density growth characterized by disparate and uneven spatial 

development. This was further reinforced by the medium-speed expansion intensity index (i.e., 

0.814), suggesting that urban expansion has been medium. 

 

Table 5: Urban Expansion Rate (AUER), Urban Growth Coefficient and Urban Expansion Intensity 

Index (UEII) at Oyo between 2003 and 2021 

Population Total 

Area 

(km2) 

Built-up Area (km2) AUER 

(%) 

UGC 

(%) 

UEII 

(%) 

2003 2013 2021  2003 2013 2021    

560982 788100 820777 4759.88 79.96 98.92 777.18 13.467 2.424 0.814 

 

Pattern of urban sprawl in Oyo town 

The figure 6 depicts variations in urban sprawl and changes in its occurrence from year 2003 to 

2021, it is indicating that in 2003 the rate of urban sprawl occurrence is low and is directed 

towards the northern part of Oyo town, while in the year 2013 and 2021, the rate of urban sprawl 

occurrence became very high and evenly dispersed as can be viewed from figure 6, an indication 

that the town is approaching high rates of dispersal from where it will gradually become compact, 

generally urban sprawl have being increasing in its rates of dispersal throughout the period of 

study 

Figure 6: Urban Sprawl in Oyo from year 2003 to 2021 

 

Perceived causes of urban sprawl in Oyo town 

Several factors were believed to be responsible for the 

sprawling development experienced in Oyo but the following 

three are the major one’s worthy of notice: -  

a. location of higher institutions of learning 
a. new Oyo/Ogbomosho highway 
b. low cost of purchasing land 
 

Markov chain analysis 

Both Table 9 and Figure 8 were used to analyze the predicted 

Land Use Land Cover for the year 2030. 
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Table 6: Transition Probability Matrix of LULC 

CHANGES 2003-2013 2013-2021 2003-2021 2021-2030 

Area (km2) (%) Area (km2) (%) Area (km2) (%) Area 

(km2) 

(%) 

FOREST to BUILT-UP AREA 12.821 0.447 111.360 3.923 113.026 4.461 296.5275 20.451 

WATER BODY to BUILT-UP AREA 0.129 0.004 0.014 0.000 0.000 0.000 1.8108 0.125 

BARE-GROUND to BUILT-UP AREA 49.055 1.711 524.974 18.496 532.032 20.997 239.6871 16.530 

FARMLAND to BUILT-UP AREA 3.560 0.124 93.271 3.286 104.324 4.117 7.8318 0.540 

All Occurrences 2867.795   2838.297   2533.895   3309.906 

 

 

Figure 2: Predicted 

LULC for the year 

2030 

 

Summary and 

Conclusion 

Summary of findings 

This study analyzed 

and assessed spatio-

temporal dynamics of 

urban sprawl and 

urban expansion. 

Landsat images were 

segmented and 

classified to produce a 

LUC map for the years 

2003, 2013 and 2021. 

Changes in land-use 

and spatial patterns of 

urban expansion were 

analyzed by post-

classification change 

detection and spatial 

metrics, respectively. 

The results revealed 

that, between 2003 

and 2021, the area 

covered by five 

delineated land-use classes experienced intensive changes. Analysis of net changes among the 

various land use classes indicated that the areas covered by farmland, bare-ground and forest 

were largely converted to urban built-up area. In general, it was observed that urban built area 

expanded at the expense of non-built-up land. This intensive increase in urban built-up area 

simply connotes urban expansion. Indeed, the spatial metrics analysis established a medium-

speed urban expansion. Additionally, spatial patterns of urban expansion turned out to be uneven 
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and spatially differentiated coupled with an outward diffusion of urban growth, suggesting the 

prevalence of urban sprawl. 

The notable causes of Urban Sprawl highlighted are location of higher institutions at outskirt of 

town, construction of new Oyo/Ogbomosho highway and Low cost of purchasing Land e.t.c 

 

Policies and method for controlling urban sprawl 

According to the negative results of urban sprawl, it is necessary to develop policies to decrease 

its negative effects. There are many policies that each one concentrates on different aspect of this 

issue. 

i. Control travels 

ii. Create urban boundaries 

iii. Participate in providing infrastructure costs 

iv. Betterment of low-income household’s living conditions 

v. Redevelopment of inner-core regions 

vi. Urban consolidation 

 

Conclusion 

From the findings, Urban sprawl in the study area was earlier compact with low magnitude from 

2003 to 2013, it gradually became dispersed with high magnitude from 2013 to 2021 with 

emerging environmental issues and rapidly decaying urban infrastructure such as roads/streets, 

housing, electricity, water supply and waste management system. It is quite important to note 

that this research is limited to the dynamics of urban sprawl; it is therefore recommended that 

the scope of subsequent researches should include the effects of urban sprawl on environmental 

sustainability. 

Attainment of Environmental sustainability in Oyo will remain a mirage, if the current rate of 

urban sprawl and increasing environmental deterioration are not proportionately matched with 

economic growth and environmentally friendly development practices. Therefore, the need for 

proper environmental management is paramount to the sustainability of the environment, as this 

research provides information about the dynamics of urban sprawl occurrence, which will help 

environmental managers in decision making. 

 

References 
Abdullahi, S., & Pradhan, B. (2017). Urban expansion and change detection. In Spatial Modelling and Assessment of Urban 

Form. Basel, Switzerland: Springer International Publishing AG. 

Acheampong, R., Agyemang, F., & Abdul-Fatawu, M. (2017). Quantifying the spatio-temporal patterns of settlement growth 

in a metropolitan region of Ghana. GeoJournal, 82, 823–840. 

Eastman, J. (2015). IDRISI TerrSet tutorial. Worcester, MA: Clark University. 

Garcia-López, M., Holl, A., & Viladecans-Marsal, E. (2015). Suburbanization and highways in Spain when the Romans and 

the Bourbons still shape its cities. Journal of Urban Economics, 85: 52–67. 

Liu, X., Li, X., Chen, Y., Tan, Z., Li, S., & Ai, B. (2010). new landscape index for quantifying urban expansion using. Landscape 

Ecology, 25, 681-682. 

Lu, S., Guan, X., He, C., & Zhang, J. (2014). Spatio-Temporal Patterns and Policy Implications of Urban Land Expansion. 

Sustainability, 6, 4723-4748. 

Mishra, V., & Rai, P. (2016). A remote sensing aided multi-layer perceptron-Markov chain analysis for land use and land 

cover. Arabian Journal of Geosciences, 9, 1–18. 

Qiuying, L., Chuanglin, F., Guangdong, L., & Zhoupeng, R. (2015). Quantitative Measurement of Urban Expansion and its 

Driving Factors in Qingdao: An Empirical Analysis Based on County Unit Data. J. Resour. Ecol., 6, 172-179. 



 

SSAAR (JBER); Journal of                     December, 2022 

Biodiversity and Environmental Research 

 

222 | P a g e  

 

Editions 

Rode, P., Heeckt, C., Ahrend, R., Huerta-Melchor, O., Robert, A., Badstuber, N., . . . Kwami, C. (2017). Integrating National 

Policies to Deliver Compact, Connected Cities: An Overview of Transport and Housing; Coalition for Urban Transitions. 

London, UK; Washington, DC, USA. 

 

 

  


