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ABSTRACT

RAMA, NERO JOAQUIN P., Department of Enginecring Sciences, College of
Engineering, Central Luzon State University, Science City of Mufioz, Nueva Ecija,
Philippines, MAY 2023, ASSESSMENT OF LAND SURFACE TEMPERATURE
BEFORE, DURING, AND AFTER THE EASEMENT OF THE FIRST COVID-19

TOTAL LOCKDOWN: CHANGES OF HUMAN ACTIVITY LEVEL IN
METROPOLITAN MANILA.

Adviser: Henrison C. Sanchez, M. Sc.

A strain of coronavirus called severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) caused a highly contagious respiratory iliness named coronavirus disease
2019 (COVID-19), which has disrupted the lives of millions of people since the first quarter
of 2020. The COVID-19 infection causes a variety of respiratory symptoms, including a
runny nose, sore throat, cough, and fever. World leaders implemented preventive measures
in response to the spread of COVID-19, resulting in a significant reduction in human
activities. This study was conducted to examine the effect of reduced anthropogenic
activities on land surface temperature (LST) in Metropolitan Manila. LST data were
obtained from the Landsat 8 Operational Land Imager (OLI) and Thermal Infrared Sensor
(TIRS) and processed using QGIS 3.22.11 software. Satellite images without significant
cloud cover for the year 2020 were compared with the images obtained for the baseline
years, 2014 and 2017. Results showed that during the COVID-19 lockdown, the LST in
Metropolitan Manila exhibited relatively higher temperatures. The lowering of air
pollution in the region could impact the temperature during the lockdown period. After the

easement of lockdown, the LST did not make substantial changes in the region. The results

Xiv



suggested that the lockdown in the region does have a direct impact on the LST variations

and may be affected by other factors aside from the reduced human activity.

Keywords: Urban Heat Island, Land Surface Temperature, Landsat 8, remote sensing,

COVID-19

XV



suggested that the lockdown in the region does have a direct impact on the LST variations

and may be affected by other factors aside from the reduced hwman activity.

Keywords: Urban Heat Island, Land Surface Temperature, Landsat 8, remote sensing,

COVID-19

XV



LITERATURE CITED

Albari, I, Kurn, D. M., Bretz, S. E., & Hanford, J. W. (1997). Peak power and cooling

energy s_aw'ngs of shade trees. Lnergy and Buildings, 25(2), 139-148.
https://dm.org/I0.1016180378-7?88(96)0]003-1

Akbari, IT,, Pomerantz, M., & Taha, H. (2001). Cool surfaces and shade trees to reduce

energy use and improve air quality in urban areas. Solar Fnergy, 70(3), 295-310.
https://doi.org/10.1016/50038-092x(00)00089-x

Alberti, M., Palkovacs, E., Roches, S., Meester, L., Brans, K., Govaert, L., Grimm, N. B.,
Harris, N. C., Hendry, A. P., Schell, C. ., Szulkin, M., Munshi-South, J., Urban,
M. C, & Verrelli, B. C. (2020). The Complexity of Urban Eco-evolutionary
Dynamics. BioScience, 70(9), 772-793. https://doi.org/10.1093/biosci/biaa079

Almadrones-Reyes, K. J., & Dagamac, N. H. A. (2022). Land-use/land cover change and
land surface temperature in Metropolitan Manila, Philippines using landsat
unagery. GeoJournal. https://doi.org/10.1007/s10708-022-10701-9

Algasemi, A. 5., Hereher, M. E., Kaplan, G., Al-Quraishi, A. M. F., & Saibi, H. (2021).
Impact of COVID-19 lockdown upon the air quality and surface urban heat island
wmtensity over the United Arab Emirates. Science of the Total Environment, 767,
144330. https://doi.org/10.1016/] .scitotenv.2020.144330

Austriaco, N. P. (2020, September 18). ECQ, MECQ, GCQ, or MGCQ: Understanding
what the letters mean. Manila Bulletin. https://mb.com.ph/2020/09/18/ecq-mecq-
geq-or-mgeq-understanding-what-the-letters-mean/

Rilang, R. G. J. P., Blanco, A. C., Santos, J. A. S., & Olaguera, L. M. P. (2022). Simulation
of Urban Heat Island during a High-Heat Event Using WRF Urban Canopy Models:
A Case Study for Metro Manila. Atmosphere, 13(10), 1658.
https://doi.org/10.3390/atmos13101658

Boucher, O., Randall, D. A., Artaxo, P., Bretherton, C. S., Feingold, C., Forster, P. M.,
Kerminen, V., Kondo, Y., Liao, H., Lohmann, U., Rasch, P. J., Satheesh, S,
Sherwood, S. C., Stevens, B., & Zhang, X. (2014). Clouds and Aerosols. In
Cambridge University Press eBooks (pp- 571-658).
https://doi.org/10.1017/cbo9781107415324.016



48

Candra, D. S., Phinn, S, & Scarth, P, (2016). C
, > S , P. . CLOUD AND CLOUD SHADOW
I}/?OSEIN G 8] SIN_(J MULTI-TEMPORAL CLOUD MASKING ALGORITHM IN
JPICAL ENVIRONMENTAL, The TIntemational Archives of the

Photogrammet.ry, Remote Sensing and Spatial Information Sciences, XLI-B2, 95—
100. https://doi.org/10.5194/isprs-archives-xli-b2-95 -2016

Carlson, T. N:, & Ripley, D. A. (1997). On the relation between NDVI, fractional
vegetation cover, and leaf area index. Remote Sensing of Environment, 62(3), 241—
252, https://dm.org/l0&016]50034-4257(97)001O4~1

Cell  Statistics  (Spatial Analyst)—ArcGIS  Pro | Documentation. (n.d.).

http.S:f"/prO. arcgis.com/en/pro-app/latest/tool-reference/ spatial-analyst/cell-
statistics.htm

Chakraborty, T., Sarang?} C., & Lee, X. (2021). Reduction in human activity can enhance
the urban heat island: insights from the COVID-19 lockdown. Environmental
Research Letters, 16(5), 054060. https://doi.org/10.1088/1748-9326/abef8e

Cleugh, H. A. (19806). Suburban-rural energy balance comparisons in summer for
Vancouver, B.C.  SpringerLink. Retrieved September 28, 2022, from
https://link springer.com/article/10.1007/BF001 18337 7error=cookies_not_support
ed&code=822eac06-108c-45df-a192-ab0a8b54alc?

Climate. (2011b). In Springer eBooks. https://doi.org/10.1007/978-94-007-1770-1

Community Quarantine over the Entire Luzon and Further Guidelines from the
Management of the COVID-19 Situation. (2020, March 16). Official Gazatte.
Retrieved January I, 2023, from
https://iwww official gazette gov.ph/downloads/2020/03mar/20200316-
MEMORANDUM-FROM-ES-RRD.pdf

Constantinescu, D., Cheval, S., Caracas, G., & Dumitrescu, A. (2016). Effective
monitoring and warning of Urban Heat Island effect on the indoor thermal risk in

Bucharest  (Romania).  Energy  and  Buildings, 127,  452-468.
https://doi.org/10.1016/j.enbuild.2016.05.068

Discover QGIS. (n.d.). https://qgis.org/en/site/about/index.html

Earth Explorer; 2000; FS; 083-00; Geological Survey (U.S.)



48

NN Lopoz-Moreno, 11 MeCabe, M. R Dominguez~Casiro. E.. Peiia-
_\,l_l‘;ltls‘_' Li S_ndt;\*t., LM Algasem, A S AL IKGnd) K: M Al -Aoadhi -'l"
_['“?{\*‘“\‘-h f\l ERObaa, 8 M Al Nasii N & Vigeme=Serrsno, S M (2021 ‘j‘;};
tnpact 0T COVID- 19 lochdowns on swiface wban heat island j:iru:i-izfﬁq ;nd Fir-
k‘r“.ut?m‘\ Hpovements across M1 imaor cities in the Middle East :’*',-"::l:fern‘f'itu/
Pollition, 288, 117802, hiips //dor.org/ 10 1016/ eovpol 2021 1 F?L{U‘Z‘

Elshater, A Abusaada, HU, Aliky, A El-Bardisy. N Elmarakby E Y Crani, 5. (2022)
Workers” Sanstac e b LT T e e e
o !\\_t _ _..ilh\fful o Vis-d-vis Eaviconmental and Socio-Morphological Aspects
tor  Sustanability  and  Decent Work,  Sustaingbilin.,  14(3). 1639
hitps /ot ore/10.3300/su 1403 1699 '

Esguerra, D3 (2020, March |3). BREAKING Vetro Manile placed under *communit:
Juaraniine”  due to o (COVID-19 lnquirer News.  INQUIRER net.
hetpsi//newsito mquirer.net/ 1240942/ breaking-metro-manila-placed-under-
comumnunity -quarantine-due-to-covid-

{ ‘)’.\’ﬂwcl Wd=IwARISEQ7N8gjeXRve3th) N30t Wiot2ufm 1 Ed3ad | JsayJp Y 1dQR7
CIVE '

Estoque, RoC., & Murayama, Y. (2017). Moaitoriag sucface wban heat island fonmanion
In a tropical mountain cify using Landsat data (1987-2013). ISPRS Joumal of
Photogrammetry and Rewmote Sensing, 133, 18-29.
https://dot.org/10.1016/j.1sprsjprs.2017.09.008

Fan, ], Wang, Y., Rosenfeld, D., & Liu, X. (2016). Review of Acrosol—Cloud [nteracttons:
Mechanisms, Significance, and Challenges. Joumal of the Atmosphenc Sciences,
73(11), 42214252 https://dor.org/10.1175/jas-d-16-0037 1

Gartland, L. M. (2012). Heat Islands. In  Routledge  2Books.
https://doi org/10.4324/9781849771539

Giannico, V., Lafortezza, R, John, R, Sanesi, G., Pesola, L., & Chen, J. (2016). Estunating
Stand Volume and Above-Ground Biomass of Urban Forests Using LiDAR.
Remote Sensing, 8(4), 339. https://doi.org/10.3390/rs8040339

Gonzélez-Marquez, L. C., Torres-Bejarano, F. M., Torregroza-Espinosa, A, C., Hansen-
Rodriguez, 1. R., & Rodriguez-Gallegos, H. B. (2018). Use of LANDSAT 8 images
for depth and water quality assessment of E1 Guajaro reservoir, Colombia. Jowmnal
of South American Earth Sciences, 82, 231-238.
https://doi.org/10.1016/j.jsames.2018.01.004



50

Gu, Y., & Liou, K. (2006). Cirrus cloud horizontal and vertical inhomogeneity effects in a

GCM.  Meteorology and  Atmospher 1
‘ pheric  Physics, 91(1-4), 223-235.
https://do1,0rg/10.1007/500703-004-0099-2 i

Gu, Y., L}Ou, K., Jiang, J, Su, H., & Liu, X. (2012). Dust acrosol impact on North Africa
chmajre: a GCM investigation of aerosol-cloud-radiation interactions using A-Train
satellite data. Atmospheric Chemistry and Physics, 12(4), 1667-1679.
https://doi.org/10.5194/acp-12-1667-2012

Guhathakuljta, S:, & Gober, P. (2007). The Impact of the Phoenix Urban Heat Island on
Residential Water Use. Journal of the American Planning Association, 73(3), 317—
329 https://doi.org/10.1080/01944360708977980

Hadibasyir, H. Z., Ryjal, S. S., & Sari, D. R. T. (2020). Comparison of Land Surface
Temperature During and Before the Emergence of Covid-19 using Modis Imagery
n Wuhan City, China. Forum Geografi, 34(1).
https://doi.org/10.23917/forgeo.v3411.10862

Haywood, J., & Ramaswamy, V. (1998), Global sensitivity studies of the direct radiative
forcing due to anthropogenic sulfate and black carbon aerosols. Journal of
Geophysical Research, 103(D6), 6043—6058. https://doi.org/10.1029/97jd03426

Jiménez-Mufioz, J. C., Sobrino, J. A., Gillespie, A., Sabol, D., & Gustafson, W. T. (2006).
Improved land surface emissivities over agricultural areas using ASTER NDVL
Remote Sensing of Environment, 103(4), 474-487.
https://doi.org/10.1016/.1s¢.2006.04.012

Karimi, A., Pahlavani, P., & Bigdeli, B. (2017). Land Use Analysis on Land Surface
Temperature in Urban Areas Using a Geographically Weighted Regression and
Landsat 8 Imagery, a Case Study: Tehran, Iran. 7The International Archives of the
Photogrammetry, Remole Sensing and Spatial Information Sciences, XLII—/W4,
117-122. https://doi.org/10.5194/isprs-archives-xli-4-w4-1 17-2017

Landicho, K. P., & Blanco, A. C. (2019). Intra-Urban Heat Island Detection and Trend
Characterization in Metro Manila Using Surface Temperatures derived from Multi-
Temporal Landsat Data. The International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences, XLI-4/W19, 275-282.
https://doi.org/10.51 94/isprs-archives-xlii-4-w19-275-2019



Lant, M.

Ln
—

.,

(2014) Land Surface Temperature Retrieval of Landsat-8 Data Using Sphit

\\mdo“ Algorithm—A Case Study of Ranchi District. International Journal of
Engineering Development and Research, 2, 3840-3849.

Leconte, .o Bouyer, 1. Claverie. R & Pétrissans. M. (2013). Using Local Climate Zone

scheme for UHT assessment: Evaluation of the method using mobile measurements.
Building and Emironment. 83, 36456
https://dot.org/10.1016/j.buildeny.2014.05.005

Lee. Do B (1984). Urban climates. Progress i Physical Geographv. &(1). 1-31.

https:/dot.org/10.1177/030913338400800101

Lio L. Tano Y. Ying, S, Yu. Z. Li. Z.. & Lan. H (2014). Impact of land cover and
population density on land surface temperature: case study in Wuhzn, China
Journal of Applied Remote Sensing. 811w 084593,
https://dot.org/10.1117/1 Jrs.8.084993

Liang. S.. & Wang. J. (2019). Advanced Remote Sensing. Terresmal Informaticn
Extraction and Applications (2nd ed.). Academic Press.

Lw. Z.. Lai, J., Zhan, W, Bechtel. B., Voogt. J., Quan. J. Hu. L. Fu. P Huang F L1 L.
Guo, Z & Ly, J.(2022). Urban Heat Islands S::mn\,anu‘ Reducad by COVID-
19 Lockdown. Geophysical Research Lemers 47120
https://do1.org/10.1029/2021g1096842

Lopez, V. (2020a, March 16). Duterte orders Luzon-wide ~enhanced commuminy
quaranting” | News [ GhMA I\'e'o.'s Online.
https://Awww gmanetwork.com/news/topstories natien ~ 29873 durerte-orders-
lockdown-of-entire-luzon-due-to-covid-19-threat story “toclid=IwAROa-
z8kQ5uDFJIgBi0Xy TWrj3NICHUuaSAlhoTw3RjRLOz 1LigaHC AW

Lopez, V. (2020b, May 16). Metro Manila, Laguna. 5 other provinces shiit to modified
ECOQ | News L. GMA }\'en 3 Online.
https://www.gmanetwork.com/news/topstories' nation 738392 mewro-manila-
laguna-cebu-city-shift-to-modified-
ecq/story/?fbelid=IwAR2T4mXWZwS5zdhI3130RNbzSoVOoRe-
wnriy0GeTSCtFOLrSIbTyNxbrd VU

Ma, J.. Chen, Y., Wang, W., Yan, P, Liu, H., Yang, S., Zhijin, H., & Lelieveld. I. (2010).

Strong air pollution causes widespread haze-clouds over _Chiﬂa ._loumal of
Ciecophysical Research, 115(D18). hitps://doi.org/10.1029/2009d013065



52

Mandal, I-,. & Pal, S. (2020). COVID-19 pandemic persuaded lockdown effects on
environment over stone quarrying and crushing areas, Science of the Total
Environment, 732, 139281. https://doi.org/10.1016/j.scitotenv.2020.139281

Manila Bulletin (2020, August 19). Metro Manila, 4 neighboring provinces back under
GCQO. https://mb.com.ph/2020/08/1 8/metro-manila-4-neighboring-provinces-
back-under-geq/?fbelid=IwAR 111 WiuX 1 Kffl--MT7M3wW4b52C1 gtVnl-
8TUp_dikZrgCOMI3 1 XDEVqA4

Matthews. T. (2012). Heat islands: understanding and mitigating heat in urban areas.
Australian Planner, 49(4), 363-364.
https://doi.org/10.1080/07293682.2011.591742

Memon, A., Meissuer, C. A., & Fraser, J. L. (2010). The Cognitive Interview: A meta-
analytic review and study space analysis of the past 25 years. APA PsychNet, 16(4),
340-372. https://doi.org/10.1037/a0020518

Meng, L., Mao, J., Zhou, Y, Richardson, A. D., Lee, X., Thomton, P. E., Ricciuto, D. M.,
Li, X, Dai, Y., Shi, X,, & Jia, G. (2020). Urban warming advances spring
phenology but reduces the response of phenology to temperature in the
conterminous United States. Proceedings of the National Academy of Sciences,
117(8), 4228-4233. https://doi.org/10.1073/pnas. 1911117117

Middleton, W.E. and Millar, F.G. 1936: Temperature profiles in Toronto. The Journal of
the Royal Astronomical Society of Canada 30, 265-72.

Mitchell, J. M. (1961). The Temperature of Cities. Weatherwise, 14(6), 224-258.
https://doi.org/10.1080/00431672.1961.9930028

Mukherjee, S., & Debnath, A. (2020). Correlation between Land Surface Temperature and
Urban Heat Island with COVID-19 in New Delhi, India. Research Square
(Research Square). https:/doi.org/10.21203/rs.3.1s-30416/v1

Nanda, D., Mishra, D. R., & Swain, D. (2021). COVID-19 lockdowns induced land surface
temperature variability in mega urban agglomerations in India. Environmental
Science: Processes &Amp; Impacts, 23(1), 144-159,
https://doi.org/10.1039/d0em00358a

National Statistical Co-ordination Board (2001). Philippine Statistical Yearbook

National Statistical Co-ordination Board (1999). Metro Manila: A Gateway to the
Philippines Part I of 2



53

National Statistical Co-ordination Board (2000). Metro Manila: A Gateway to the
Philippines Part 2 of 2

Nivagine, N. (2_010). Effect of urbanization on mesoscale circulation over Metro Manila
and its _ associated  rainfall.  Ateneo de  Manila  University.
https://archium ateneo.edu/theses-dissertations/13 1

Oke, T. R. (1982). The energetic basis of the urban heat island. Quarterly Journal of the
Royal Meteorological Society, 108(455), 1-24.
https://doi.org/10.1002/qj.49710845502

Parida, B. R., Bar, S., Roberts, G., Mandal, S. P, Pandey, A. C., Kumar, M., & Dash, J.
(2021). Improvement in air quality and its impact on land surface temperature in
major urban areas across India during the first lockdown of the pandemic.
Environmental Research, 199, 111280.
https://doi.org/10.1016/j.envres.2021.111280

Philippines: Metro Manila (Cities and Municipalities) - Population Statistics, Charts and
Map. (n.d.). hitps://www.citypopulation.de/en/philippines/metromanila/admin/

Pradhesta, Y. F., Nurjani, E., & Arijuddin, B. 1. (2019). Local Climate Zone classification
for climate-based urban planning using Landsat 8 Imagery (A case study in
Yogyakarta Urban Area). [OP Conference Series: Earth and Environmental
Science, 303(1), 012022, https://doi.org/10.1088/1755-1315/303/1/012022

Roshan, G, Sarli, R., & Grab, S. W. (2021). The case of Tehran’s urban heat island, Iran:
Impacts of urban ‘lockdown” associated with the COVID-19 pandemic. Sustainable
Cities and Society, 75, 103263 https://doi.org/10.1016/1.5¢5.2021.103263

Sabillo, K. (2020, May 20). Beyond lockdown: Can the Philippines sustain low air-
pollution levels? Earth Journalism Network. Retrieved May 390, 2023, from
https://earthjournalism net/stories/beyond-lockdown-can-the-philippines-sustain-
low-air-pollution-levels

Semi-Automatic Classification Plugin — QGIS Python Plugins Repository. (n.d.).
https://plugins.qgis.org/plugins/SemiAutomaticClassificationPlugin/

Senevirathne, D., Jayasooriya, V., Dassanayake, S., & Muthukumaran, S. (2021). Effects
of pavement texture and colour on Urban Heat Islands: An experimental study in
tropical climate. Urban Climate, 40, 101024.
https://doi.org/10.1016/j.uclim.2021.101024



54

Shi, P., Dong, Y., Yan, H., Zhao, C, Li, X, Liu, W., He, M., Tang, S., & Xi, S. (2020).
hnpact of temperature on the dynamics of the COVID-19 outbreak in China.
Science of the Total Environment, 728, 138890.
https://doi.org/10.1016/j scitotenv.2020.138890

Shikwat.nbana, L., Kganyago, M., & Mhangara, P. (2021). Temporal Analysis of Changes
m  Anthropogenic Emissions and Urban Heat Islands durtng COVID-19
Restrictions in Gauteng Province, South Africa. derosol and Air Quality Research,
21(9), 200437 hittps://doi.org/10.4209/aaqr.200437

Singh, N., Singh, S., & Mall, R. (2020). Urban ecology and human health: implications of
urban heat island, air pollution and climate change nexus. Urban Ecology, 317
334 https://doi.org/10.1016/b978-0-12-820730-7.00017-3

Stathopoulou, M., & Cartalis, C. (2007). Daytime urban heat islands from Landsat ETM+
and Corine land cover data: An application to major cities in Greece. Solar Energy,
81(3), 358-368. https://doi.org/10.1016/j.s0lener.2006.06.014

Stocker, T. F., Qin, D, Plattner, G.-K., Tignor, M., Allen, S. K., Boschung, J., Nauels, A_,
Xia, Y., Bex, V., & Midgley, P. M. (2013). Climate change 2013: The physical
science basis. In Intergovernmental Panel on Climate Change, Working Group 1
Contribution to the [PCC Fifth Assessment Report (ARS) (Cambridge Univ Press,
New York).

Sundborg, A. 1950: Local climatological studies of the temperature conditions in an urban
area. Tellus 2, 221-31,

Suribabu, C. R. (2012, January 28). Land Use/Cover Change Detection of Tiruchirapalli
City, India, Using Integrated Remote Sensing and GIS Tools. SpringerLink.
https://link springer.com/article/10.1007/s12524-011-0196-
x?error=cookies not_supported&code=72¢99{df-0495-44db-abdb-8ac3828203b1

Tan, J., Zheng, Y., Tang, X. et al. The urban heat island and its impact on heat waves and
human health in Shanghai. Int J Biometeorol 54, 75-84 (2010).
https://doi.org/10.1007/s00484-009-0256-x

Tewari, A., & Srivastava, N. (2023). Impact of COVID lockdowns on spatio-temporal
variability in land surface temperature and vegetation index. Environmental
Monitoring and Assessment, 195(4). https://doi.org/10.1007/s10661-023-11119-7

e




35

Using the USGS Landsat Level-1 Data Product | U.S. Geological Survey. (n.d)).
https://www.usgs.gov/landsat-missions/usin g-usgs-landsat-level-1-data-product

Vukovich, F. M. (1983). An Analysis of the Ground Temperature and Reflectivity Pattern

about 9t Louis, Missouri, Using HCMM Satellite Data. AMETSOC.
https://doi.org/10.1175/1520-0450(1983)022

Wang, K, W_ang., J., Wang, P., Sparrow, M., Yang, J., & Chen, H. (2007). Influences of
urban_wahon on surface characteristics as derived from the Moderate-Resolution
[maging Spectroradiometer: A case study for the Beijing metropolitan area. Journal
of Geophysical Research, 112(1D22), https://doi.org/10.1029/2006jd007997

Wang, Y., Zheng, C., Hao, W., Zhao, H., Li, S, Shen, L., Zhu, J., & Di, C. A. (2019).
Impact of Stoichiometry and Fluorine Atoms on the Charge Transport of Perylené—
FATCNQ. The Journal of Physical Chemistry Letters, 10(12), 3376-3380.
https://doi.org/10.1021/acs jpclett. 9601299

Wong, K. V., Paddon, A., & Jiménez, A, (2013). Review of World Urban Heat Islands:
Many Linked to Increased Mortality. Journal of Energy Resources Technology-
transactions of the Asme, 135(2). https://doi.org/10.1115/1.4023176

Wong, M., Zhu, R., Liu, Z., Lu, L, Peng, J., Tang, Z., Lo, C. M., & Chan, W. K. (2016).
Estimation of Hong Kong’s solar energy potential using GIS and remote sensing
technologies. Renewable Energy, 99, 325-335.
https://doi.org/10.1016/j renene.2016.07.003

World  Health  Organization: WHO. (2020). Coronavirus.  www.who.int.
https://www who.int/health-topics/coronavirus#tab=tab_1

Wu, J. (2014). Urban ecology and sustainability: The state-of-the-science and future
directions. Landscape and Urban  Planning, 125, 209-221.
https://doi.org/10.1016/j.landurbplan.2014.01.018

Xu, H. Q., & Chen, B. Q. (2004). Remote sensing of the urban heat island and its changes
in Xiamen City of SE China. Journal of environmental sciences (China), 16(2),
276281,

Zhang, X., Kang, T., Wang, H., & Sun, Y. (2010). Analysis on spatial structure of landuse
change based on remotc sensing and geographical information system.
International Journal of Applied Farth Observation and Geoinformation, 12,
S145-8150. https://doi.org/10.1016/}.jag.2010.04.011



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

