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 Kota Ternate di Maluku Utara, Indonesia, mengalami pertumbuhan 

penduduk dan pengembangan lahan permukiman yang pesat, dengan 

topografi dan kemiringan lereng yang beragam yang mempengaruhi 

perluasan lahan terbangun. Studi ini menganalisis perkembangan 

lahan terbangun pada tahun 1995 dan 2025 berdasarkan tingkat 

kemiringan lereng dengan menggunakan citra Landsat dan data 

Digital Elevation Model (DEM). Hasil penelitian menunjukkan bahwa 

lahan terbangun berkembang pesat pada zona kemiringan 8-25% 

(meningkat 96,8-372%) dan zona >25% (+206,5%), yang 

mengindikasikan adanya tekanan pembangunan yang mendorong 

urbanisasi ke wilayah yang secara topografi sulit dijangkau. Konversi 

lahan hijau (berkurang 903,78 ha) juga mempengaruhi keseimbangan 

lingkungan, sementara badan air tetap stabil (67,58 ha). Dominasi 

lereng curam >40% (3.013,36 ha) merupakan tantangan utama bagi 

pembangunan berkelanjutan. Temuan ini menekankan perlunya 

pendekatan spasial berdasarkan analisis geomorfologi terpadu, 

khususnya mitigasi risiko longsor di zona lereng curam, sekaligus 

memenuhi kebutuhan permukiman.  

ABSTRACT  

Ternate City in North Maluku, Indonesia, is experiencing rapid 

population growth and residential land development, with diverse 

topography and slopes that affect the expansion of built-up land. This 

study analyzed the development of built-up land in 1995 and 2025 

based on slope levels using Landsat imagery and Digital Elevation 

Model (DEM) data. The results showed that built-up land expanded 

rapidly in the 8-25% slope zone (an increase of 96.8-372%) and the >25% 

zone (+206.5%), indicating that development pressure pushed 

urbanization into topographically difficult areas. Greenland 

conversion (903.78 ha less) also affected the environmental balance, 

while water bodies remained stable (67.58 ha). The dominance of steep 

slopes >40% (3,013.36 ha) is a major challenge for sustainable 

development. These findings emphasize the need for a spatial 

approach based on integrated geomorphological analysis, particularly 

landslide risk mitigation in steep slope zones, while meeting settlement 

needs. 
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1. INTRODUCTION 

The development of built-up land in urban areas is an unavoidable phenomenon along with 

population growth and increased economic activity (Kamboj & Ali, 2021).  Ternate City, as one of 

the cities in Indonesia, has experienced significant growth in recent years (Rakuasa & Khromykh, 

2025a). This is characterized by the increasing need for land for settlements, trade, and other 

infrastructure. However, this growth may not always align with effective spatial planning, 

potentially leading to a range of issues, such as adverse effects on the environment and ecosystem 

balance (Sihasale, Latue, & Rakuasa, 2023). One of the factors that influences the development of 

built-up land is slope (Akbar & Supriatna, 2019;  Rakuasa et al., 2025). The hilly and diverse 

topography in Ternate City provides its own challenges in land utilization. Steep slopes can increase 

the risk of erosion and natural disasters, such as landslides, which can threaten the safety of residents 

and infrastructure. Therefore, it is important to analyze the development of built-up land by 

considering the level of slope. 

On August 25, 2024, landslides and flash floods occurred in Ternate City, North Maluku 

Province, Indonesia. The disaster was caused by prolonged heavy rainfall, which led to the flow of 

debris from the summit of Mount Gamalama. The geological conditions of Ternate Island, consisting 

of uncompacted volcanic material, as well as deforestation in upstream areas, exacerbated the 

situation by reducing the soil's ability to absorb water. This disaster caused 19 people to die, while 8 

injured people are still being intensively treated in several hospitals in Ternate (CNN Indonesia, 

2024). There were 25 houses and places of worship destroyed, and one bridge on the highway 

between villages on Ternate Island was broken (Rakuasa, Budnikov, & Adifan, 2024). In general, 

built-up land affected by landslides is on slopes >8%. 

Spatial analysis is an effective tool for understanding the development pattern of built-up land 

(Ye Zhou, Wu, & Wang, 2022). By using geospatial mapping and analysis technology, we can identify 

areas that experience significant changes in land use from year to year (Zhang et al., 2018). This 

research aims to analyze the development of built-up land in Ternate City in 1995 and 2025 and relate 

it to the level of slope. Land use change in Ternate City is not only influenced by physical factors but 

also by social and economic factors (Achmadi, Dimyati, Manesa, & Rakuasa, 2023). Rapid population 

growth and urbanization cause the demand for built-up land to increase. This often results in the 

conversion of agricultural and forest land into residential and commercial land, which can impact 

environmental sustainability (Kusrini, Worosuprojo, Kurniawan, & Hizbaron, 2023). 

Ternate City has unique geological characteristics, with the presence of an active volcano that 

affects land use patterns. Volcanic activity can affect land availability and soil quality, which in turn 

affects land use decisions by communities (Achmadi et al., 2023). This research will explore how 

slope factors in the context of built-up land development. In addition, it is important to involve the 

community in the land planning and management process. Community participation can help in 

identifying local needs and priorities, as well as raising awareness of the importance of maintaining 

environmental balance. Based on the above background, this research is expected to make a 

significant contribution to the understanding of built-up land development in Ternate City. 
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2. LITERATURE REVIEW 

2.1 Spatial analysis 

Spatial analysis is a set of techniques used to examine, explore, and process data from a 

spatial perspective with the aim of finding patterns, relationships, and phenomena that occur in a 

particular area (Rakuasa, Khromykh, & Rifai, 2025). These techniques are often applied in 

Geographic Information Systems (GIS) to combine, transform, and model spatial data to produce 

new information useful in location-based planning and decision-making (Ahmad Rifai & Rakuasa, 

2025). Spatial analysis includes various methods, such as overlaying, spatial autocorrelation 

measurement, and statistical modeling, that help understand the distribution and interrelationship 

of geographic objects in space (Rakuasa & Khromykh, 2025b).  

2.2 built-up land 

Built-up land is a land area that has undergone a development or pavement process that 

changes natural or semi-natural conditions into artificial land cover, such as settlements, roads, 

public facilities, and other facilities created and maintained by humans to meet the needs of life and 

socio-economic activities (Hehanussa, Sumunar, & Rakuasa, 2025). Built-up land is often referred to 

as the built environment, which includes buildings and infrastructure that support the function of 

the area (Rakuasa & Budnikov, 2025). The development of built land affects the quality of the 

residential environment, where the increase in built land must be balanced with an increase in the 

quality of infrastructure so that the environment remains livable (Rakuasa, Budnikov, Joshua, & 

Latue, 2025). 

2.3 Slope 

Slope is an angular measure of the difference in elevation in a landscape, showing the 

relationship between the slope of the land and the horizontal plane. This definition refers to the 

difference in height of the earth measured in percent or degrees (Rakuasa, Budnikov, & Latue, 2025). 

Slope is an important topographic element because the steeper the slope, the greater the rate and 

amount of surface flow and erosion potential (Rakuasa, 2025). 

 

3. METHODS 

This study was conducted in Ternate City, North Maluku Province, Indonesia (Figure 1). 

This study used satellite images of Landsat 5 in 1995 and Landsat 8 in 2025 obtained from USGS with 

a spatial resolution of 30 meters for the analysis of built-up land development during the period. To 

analyze the slope of the slope in this research using National DEM Data from Geospatial Information 

Agency with a resolution of 8 meters. Arc GIS Pro software was used in this study to analyze the 

development of built-up land in 1995 and 2025 and slope analysis. In this research, guided 

classification was carried out on Landsat 5 images in 1995 and Landsat 8 images in 2025 using 

machine learning features in Google Earth Engine software. The machine learning algorithm used is 

Classification and Regression Tree (CART). This method consists of two methods, namely the 

regression tree method and the classification tree (Onisimo Muntaga, 2019). If the dependent variable 

is categorical, then CART will produce a classification tree. Meanwhile, if the dependent variable is 

continuous or numeric, CART will produce a regression tree. In supervised classification of Landsat 

imagery, the output is categorical, so the method used is classification tree (Abdelsamie et al., 2024). 

In the classification tree method, the initial node is called the root node. Then, the node will 

generate several branches that represent various possible options. Each of these branches will 

generate new branches representing other options. Hence, this method is called “tree” because it 

resembles a tree with many branches. In this system, land cover mapping can be done quickly 

because the training data is fed into the machine to detect various characteristics of the image and 

put them into the specified classes (Pande et al., 2024). In addition, the images used can be 

automatically corrected. However, the weakness of this algorithm lies in the accuracy of the map 

which is based on the image used as well as the training data created, as the land cover classification 

is pixel-based or based on pixels from the image. Land cover of Ternate Island was classified into 4 
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classes consisting of built-up area, open area, vegetation, water body.  Land cover maps in 1995 and 

2025, especially the built-up area, were overlaid with slope to determine the development of built-

up land on each slope class. 

 
Figure 1. Research Location 

 

4. RESULTS AND DISCUSSION 

The distribution of area based on slope class in Ternate City in Figure 2 shows that areas 

with slope >40% have the largest area reaching 3,013.36 ha. The 25-40% slope class ranks second with 

an area of 2,255.56 ha, followed by 15-25% slope with an area of 2,077.30 ha. This data indicates that 

the topography of Ternate City is dominated by areas with steep slopes that naturally have 

limitations for settlement development. However, the gentle slope (0-8%) and mild slope (8-15%) 

classes are still available with an area of 1,041.78 ha and 1,771.89 ha, respectively, which have the 

potential for built-up area development. 

 
Figure 2. Slope of Ternate Island 

The dominance of areas with steep slopes (>40%) poses challenges in the development of 

residential areas in Ternate City. Development in areas with high slope risks increasing vulnerability 

to landslides and soil erosion (L. Zhou, Dang, Mu, Wang, & Wang, 2021). The results of this study 

are in line with the findings of Kechebour, (2015) who stated that the limited flat land in the islands 
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often triggers the expansion of settlements to steep slope zones. The need for a special approach in 

spatial planning for high slope areas is crucial to minimize environmental impacts. Further analysis 

is needed to evaluate the environmental carrying capacity before developing areas in high slope 

zones (Salakory & Rakuasa, 2022). 

 
Figure 3. Land Cover of Ternate Island in 1995 and 2025 

 
Figure 4. Development of Built-up Land in 1995 and 2025 by slope level 

Land use change in Ternate City during the period 1995-2025 in Figure 3 shows a significant 

increase in built-up land from 1,134.22 ha to 2,120.46 ha. Open land decreased from 437.67 ha to 

356.10 ha, while the area of water bodies remained stable at 67.58 ha. The area of vegetation 

decreased considerably from 8,522.28 ha to 7,618.50 ha, indicating land conversion to meet settlement 

needs. This pattern of change reflects high development pressure due to population growth and 

economic activity in urban areas  (Rakuasa & Pakniany, 2022; Rakuasa et al., 2024).  The growth of 

built-up land that has almost doubled in 30 years has an impact on the reduction of green open space 

in Ternate City. The conversion of vegetated land into built-up areas can affect ecosystem balance 

and increase flood risk (Rakuasa & Budnikov, 2025). The stability of the water body area indicates 

that development has not disrupted the main hydrological system in this area (Rakuasa, 2025). These 

findings emphasize the importance of implementing strict spatial policies to control urban expansion 

and maintain protected areas (Zhou et al., 2021). The need for sustainable development strategies is 

becoming increasingly urgent to maintain a balance between development needs and environmental 

sustainability (Calka & Szostak, 2025). 
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Figure 5. Area of Built-up Land Development in 1995 and 2025 by slope level. 

Spatial analysis of built-up land development in Ternate City for the period 1995-2025 in 

Figure 5 shows significantly different expansion patterns based on the level of slope. In the 0-8% 

slope class, built-up land increased from 566.92 ha to 698.33 ha, indicating that sloping areas remain 

the main preference for settlement development. The 8-15% slope class saw the most dramatic 

increase from 435.32 ha to 857.15 ha, reflecting development pressures driving expansion into areas 

with moderate slopes. This pattern is consistent with previous research findings in island regions 

where flat land is limited (Bamrungkhul & Tanaka, 2022). 

The development of built-up land on a 15-25% slope showed rapid growth from 97.40 ha to 

459.87 ha, indicating the start of urban sprawl to areas with steeper topography. Areas with a 25-

40% slope also experienced a significant increase from 27.81 ha to 94.29 ha, although still relatively 

small in absolute terms. The increase in built-up land in the >40% slope zone from 6.27 ha to 10.25 

ha deserves special attention given the high vulnerability to geological disasters. This finding is 

consistent with studies in other volcanic regions that show settlement expansion into risky zones 

(Tian et al., 2016;  Rifai et al., 2025). 

The spatial distribution of built-up land development in Figure 5 follows a concentric 

pattern with the main expansion remaining in the sloping to undulating zone. However, the growth 

rate is relatively higher in the moderate slope zone (8-25%) compared to the gentle zone (0-8%), 

indicating population pressure pushing urbanization to less ideal areas. This pattern confirms the 

theory of push-pull factors in urban settlement development in restricted areas. Land conversion in 

high slope zones also has the potential to increase the risk of erosion and landslides, especially given 

the volcanic geology of Ternate City (Sihasale et al., 2023;  Rakuasa & Khromykh, 2025a). 

The policy implications of these findings emphasize the need to strengthen spatial 

regulations based on integrated geomorphological analysis. Development in slope zones >15% 

should require strict environmental impact assessments and the application of specialized 

construction techniques. Protection of protected areas and green open spaces in high slope zones 

should be strengthened to maintain ecological balance. Further research needs to integrate multi-

disaster risk modeling with environmental carrying capacity analysis to support sustainable urban 

planning. 

 

5. CONCLUSIONS 

The results of this study reveal that the development of built-up land in Ternate City from 

1995 to 2025 shows a significant expansion pattern across all slope classes, with the highest growth 
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occurring in the 8-15% (from 435.32 ha to 857.15 ha) and 15-25% (from 97.40 ha to 459.87 ha) slope 

zones, indicating development pressure that drives urbanization to areas with steeper topography. 

Although the sloping zone (0-8%) remains a preferential area for settlements, the increase of built-

up land in the >25% slope zone (from 34.08 ha to 104.54 ha) raises concerns regarding vulnerability 

to landslides and environmental degradation, especially given the volcanic geology of Ternate City. 

These findings emphasize the need for strict spatial policy implementation based on 

geomorphological analysis, risk mitigation, and sustainable development to balance settlement 

needs with environmental sustainability in areas with complex topography. 

 

REFERENCES 
Abdelsamie, E. A., Mustafa, A. A., El-Sorogy, A. S., Maswada, H. F., Almadani, S. A., Shokr, M. S., 

… Meroño de Larriva, J. E. (2024). Current and Potential Land Use/Land Cover (LULC) 

Scenarios in Dry Lands Using a CA-Markov Simulation Model and the Classification and 

Regression Tree (CART) Method: A Cloud-Based Google Earth Engine (GEE) Approach. 

Sustainability, 16(24), 11130. https://doi.org/10.3390/su162411130 

Achmadi, P. N., Dimyati, M., Manesa, M. D. M., & Rakuasa, H. (2023). MODEL PERUBAHAN 

TUTUPAN LAHAN BERBASIS CA-MARKOV: STUDI KASUS KECAMATAN TERNATE 

UTARA, KOTA TERNATE. Jurnal Tanah Dan Sumberdaya Lahan, 10(2), 451–460. 

https://doi.org/10.21776/ub.jtsl.2023.010.2.28 

Akbar, F., & Supriatna. (2019). Land cover modelling of Pelabuhanratu City in 2032 using celullar 

automata-markov chain method. IOP Conference Series: Earth and Environmental Science, 311, 

012071. https://doi.org/10.1088/1755-1315/311/1/012071 

Bamrungkhul, S., & Tanaka, T. (2022). The assessment of land suitability for urban development in 

the anticipated rapid urbanization area from the Belt and Road Initiative: A case study of Nong 

Khai City, Thailand. Sustainable Cities and Society, 83, 103988. 

https://doi.org/10.1016/j.scs.2022.103988 

Calka, B., & Szostak, M. (2025). GIS-Based Environmental Monitoring and Analysis. Applied Sciences, 

15(6), 3155. https://doi.org/10.3390/app15063155 

CNN Indonesia. (2024). Ternate Dilanda Banjir Bandang Dini Hari, 13 Orang Meninggal. Retrieved 

October 8, 2024, from CNN Indonesia.com website: 

https://www.cnnindonesia.com/nasional/20240825135942-20-1137259/ternate-dilanda-banjir-

bandang-dini-hari-13-orang-meninggal 

Hehanussa, F. S., Sumunar, D. R. S., & Rakuasa, H. (2025). Spatial Analysis of Ground Movement 

Potential, Based on Rock Type and Distance from Active Faults in Ambon City, Indonesia. KnE 

Social Sciences, 10(10), 251–261. https://doi.org/10.18502/kss.v10i10.18675 

Heinrich Rakuasa. (2025). Classification of Sentinel-2A Satellite Image for Ternate City land cover 

using Random Forest Classification in SAGA GIS Software. DNS – DIGITAL NEXUS 

SYSTEMATIC JOURNA, 1(1), 34–36. https://doi.org/http://dx.doi.org/10.26753/dns.v1i1.1554 

Kamboj, S., & Ali, S. (2021). Urban sprawl of Kota city: A case study of urban heat island linked with 

electric consumption. Materials Today: Proceedings, 46, 5304–5314. 

https://doi.org/10.1016/j.matpr.2020.08.783 

Kechebour, B. EL. (2015). Relation between Stability of Slope and the Urban Density: Case Study. 

Procedia Engineering, 114, 824–831. https://doi.org/10.1016/j.proeng.2015.08.034 

Kusrini, Worosuprojo, S., Kurniawan, A., & Hizbaron, D. R. (2023). Land Use Changes of Ternate 

Island 2017-2022. E3S Web of Conferences, 468, 10005. 

https://doi.org/10.1051/e3sconf/202346810005 

Onisimo Muntaga, L. K. (2019). Google Earth Engine Applications. Remotesensing, 11–14. 

https://doi.org/10.3390/rs11050591 

Pande, C. B., Diwate, P., Orimoloye, I. R., Sidek, L. M., Pratap Mishra, A., Moharir, K. N., … Tolche, 

A. D. (2024). Impact of land use/land cover changes on evapotranspiration and model accuracy 

using Google Earth engine and classification and regression tree modeling. Geomatics, Natural 



Jurnal Geosains West Science                            

Vol. 3, No. 02, Juni 2025: pp. 48-56 

55 

Hazards and Risk, 15(1). https://doi.org/10.1080/19475705.2023.2290350 

Rakuasa, H., & Pakniany, Y. (2022). Spatial Dynamics of Land Cover Change in Ternate Tengah 

District, Ternate City, Indonesia. Forum Geografi, 36(2), 126–135. https://doi.org/DOI: 

10.23917/forgeo.v36i2.19978 

Rakuasa, H., Rifai, A., & Latue, P. C. (2025). Analisis Spasial Kemampuan Lahan Kota Ambon. Jurnal 

Teknologi Dan Sains Modern, 2(2), 58–73. https://doi.org/https://doi.org/10.69930/jtsm.v2i2.315 

Rakuasa, H. (2025). Spatial-temporal analysis of built-up land development in landslide-prone areas: 

Disaster risk assessment. Calamity: A Journal of Disaster Technology and Engineering, 2(2). 

https://doi.org/10.61511/calamity.v2i2.2025.1179 

Rakuasa, H., & Budnikov, V. V. (2025). Spatial Analysis of Vegetation Density Using MSARVI 

Algorithm and Sentinel-2A Imagery in Ternate City, Indonesia. Journal of Engineering and 

Science Application, 2(1), 36–41. https://doi.org/10.69693/jesa.v2i1.14 

Rakuasa, H., Budnikov, V. V., & Adifan, M. R. (2024). Utilization of Digital Elevation Models in Slope 

Morphology Analysis for Landslide Identification in Ternate City, Indonesia. Applied 

Engineering, Innovation, and Technology, 1(2), 95–103. https://doi.org/10.62777/aeit.v1i2.40 

Rakuasa, H., Budnikov, V. V., Joshua, B., & Latue, P. C. (2025). Spatial Temporal Analysis of 

Development in Adiwerna Sub-district, Indonesia due to the Impact of Pejagan-Pemalang Toll 

Road Development. Proceeding International Conference on Religion, Science and Education, 4, 907–

912. Retrieved from https://sunankalijaga.org/prosiding/index.php/icrse/article/view/1523 

Rakuasa, H., Budnikov, V. V., & Latue, P. C. (2025). Application of GIS Technology for Landslide 

Prone Area Analysis in Ambon Island, Indonesia. Journal of Geographical Sciences and Education, 

3(1), 19–28. https://doi.org/10.69606/geography.v3i1.170 

Rakuasa, H., & Khromykh, V. V. (2025a). Simulation of Urban Growth in Ternate Island using 

Cellular Automata Markov Chains Models. Asian Journal of Environmental Research, 2(1), 101–

114. https://doi.org/10.69930/ajer.v2i1.310 

Rakuasa, H., & Khromykh, V. V. (2025b). Utilization of GIS Technology for Mapping Flood-Prone 

Areas in Ambon Island, Indonesia. KnE Social Sciences, 10(10), 296–310. 

https://doi.org/10.18502/kss.v10i10.18679 

Rakuasa, H., Khromykh, V. V, & Rifai, A. (2025). Mapping of Landslide Prone Areas in Ternate City, 

Indonesia Using Geographic Information System. Journal of Geographical Sciences and Education, 

3(2), 86–99. https://doi.org/10.69606/geography.v3i2.214 

Rifai, Ahmad, & Rakuasa, H. (2025). Spatial Dynamics of Land Cover Change in Tidore Island, 

Indonesia 2015-2025. KnE Social Sciences, 10(10), 324–330. 

https://doi.org/10.18502/kss.v10i10.18682 

Rifai, Ahmat, Rakuasa, H., Halim, Latue, P. C., Sarfan, R., & Tehupelasury, S. (2025). Spatial 

Transformation of Physical Change of Built-up Land in Ambon City Center, Indonesia, Period 

1940-2025. Asian Journal of Environmental Research, 2(1), 67–81. 

https://doi.org/10.69930/ajer.v2i1.319 

Salakory, M., Rakuasa, H. (2022). Modeling of Cellular Automata Markov Chain for predicting the 

carrying capacity of Ambon City. Jurnal Pengelolaan Sumberdaya Alam Dan Lingkungan (JPSL), 

12(2), 372–387. https://doi.org/https://doi.org/10.29244/jpsl.12.2.372-387 

Sihasale, D. A., Latue, P. C., & Rakuasa, H. (2023). Spatial Analysis of Built-Up Land Suitability in 

Ternate Island. Jurnal Riset Multidisiplin Dan Inovasi Teknologi, 1(02), 70–83. 

https://doi.org/10.59653/jimat.v1i02.219 

Tian, G., Ma, B., Xu, X., Liu, X., Xu, L., Liu, X., … Kong, L. (2016). Simulation of urban expansion and 

encroachment using cellular automata and multi-agent system model—A case study of Tianjin 

metropolitan region, China. Ecological Indicators, 70, 439–450. 

https://doi.org/10.1016/j.ecolind.2016.06.021 

Zhang, P., Ke, Y., Zhang, Z., Wang, M., Li, P., & Zhang, S. (2018). Urban Land Use and Land Cover 

Classification Using Novel Deep Learning Models Based on High Spatial Resolution Satellite 

Imagery. Sensors, 18(11), 3717. https://doi.org/10.3390/s18113717 



Jurnal Geosains West Science                            

Vol. 3, No. 02, Juni 2025: pp. 48-56 

56 

Zhou, L., Dang, X., Mu, H., Wang, B., & Wang, S. (2021). Cities are going uphill: Slope gradient 

analysis of urban expansion and its driving factors in China. Science of The Total Environment, 

775, 145836. https://doi.org/10.1016/j.scitotenv.2021.145836 

Zhou, Ye, Wu, T., & Wang, Y. (2022). Urban expansion simulation and development-oriented zoning 

of rapidly urbanising areas: A case study of Hangzhou. Science of The Total Environment, 807, 

150813. https://doi.org/https://doi.org/10.1016/j.scitotenv.2021.150813 

Zhou, Yuan, Chen, M., Tang, Z., & Mei, Z. (2021). Urbanization, land use change, and carbon 

emissions: Quantitative assessments for city-level carbon emissions in Beijing-Tianjin-Hebei 

region. Sustainable Cities and Society, 66, 102701. 

https://doi.org/https://doi.org/10.1016/j.scs.2020.102701 

 


