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Abstract: Land Surface Temperature (LST) is an important variable within global cli-
mate change. With the appearance of remote sensing techniques and advanced
GIS software, it is now possible to estimate LST. In this study, the effect of lock-
down during COVID-19 on the LST was assessed using Landsat 8 Imagery.
LST dynamic was investigated for three different periods: Before, during
and after the COVID-19 lockdown. The study was conducted in Casablanca
City. The results showed that during the emergence of COVID-19 with lock-
down policy applied, the LST decreases remarkably compared to the previ-
ous 4-years’ average LST. After the easing of restrictions, the LST increased
to exceed the previous 4-year mean LST. Furthermore, throughout all studied
periods, the LST recorded its higher values in industrial zones and areas with
high urban density and urban transportation, which indicates the conspicuous
impact of anthropogenic activities on the LST variation. These findings indicate
an ability to assess the feasibility of planned lockdowns intended as a potential
preventive mechanism to reduce LST peaks and the loss of air quality in metro-
politan environments in the future.
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1. Introduction

The 2019 novel coronavirus, also known as SARS-CoV-2, is one of the ma-
jor pathogens that primarily targets the human respiratory system [1]. COVID-19
was first reported in the Huanan seafood market in the city of Wuhan, China, late
December 2019 [2]. Many of the initial 41 cases reported exposure to seafood and
live animals in the Huanan Seafood Market [3]. However, the zoonotic origin of
SARS-CoV-2 is not yet confirmed [4]. According to phylogenetic trees, SARS-CoV is
closer to SARS-like bat CoVs [5]. Subsequently, human-to-human transmission was
confirmed and quickly spread globally. The disease is being exported to a growing
number of countries and has caused an increasing number of deaths around the
world [6]. On March 11, the World Health Organization (WHO) upgraded the status
of the COVID-19 outbreak from epidemic to pandemic [7]. Despite efforts to limit its
spread, COVID-19 cases had increased drastically in many countries. According to
the last report published by the WHO, a total of 4,287,981,729,406 confirmed cases
have been recorded around the world, including 1,022,397 deaths [8].

The first case of COVID-19 in Morocco was confirmed on 2 March 2020. In or-
der to develop preventive strategies and limit the spread of the virus in the coun-
try, authorities implemented several measures and imposed a strict curfew on the
20" March. However, the number of infections escalated rapidly after the easing of
COVID-19 restrictions since 23'¢ May. In fact, the number of infection cases contin-
ued to climb rapidly, reaching 353,803 confirmed cases, 5,789 deaths, and 302,314 re-
covered by November 2020.

In response to directives from the Moroccan government, transit going all
through Moroccan cities was restricted, most transportation was prohibited, and
many outdoor human activities were banned (restaurants, parks, shopping malls,
gyms, schools and universities were all closed), as well as all extracurricular activi-
ties. In addition, some large manufacturing companies suspended their operations
to avoid the possibility of COVID-19 transmission. These measures are certain-
ly beneficial, since they help reduce the infection and the mortality by COVID-19,
but has a negative impact on the economic situation, particularly in terms of socio-
-economic relations [9].

Although some studies have been made on the effect of the COVID-19 pan-
demic on ecology in some Moroccan cities, no research could be found regarding
the effect of the COVID-19 induced lockdown situation on the Land Surface Tem-
perature (LST). Previous studies have shown a more specific interest in air quali-
ty assessment, especially NO,, PM, , PM,, CO and SO,, based on ground station
site data [10]. Actually, LST is an interesting environmental variable that has been
widely investigated in many studies, such as climate change, environment, agri-
culture, hydrology and urban planning [11-14]. According to [15, 16], LST is di-
rectly linked to transportation, industrial and residential activities. References [17]
and [18] have established a correlation among several factors, such as anthropogenic
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issues on LST. Other studies have underlined that LST variations may have many
impacts on ecological system balance, human life and energy cycles [19-21]. The im-
pact of COVID-19 induced lockdown on the changes of air quality and land surface
temperature has been already discussed in the literature. Reference [22] reported
an overall decrease in LST values in Dehradun City, India, during the post-COVID
lockdown time. Another research conducted in Wuhan City, China, by [23] reveals
that during the COVID-19, the mean LST was lower than the mean LST of the last
three years on the same dates. Meanwhile, during the emergence of COVID-19 with-
out alockdown strategy, the mean LST was comparatively higher than the mean LST
of the last three years. This research also highlighted that the mean LST of built-up
areas witnessed the most important variations during the COVID-19 lockdown in
comparison to the average of the last three years.

The city of Casablanca is the industrial and economic center of Morocco. During
the strict lockdown, commercial, industrial activities and transportation were pro-
hibited. After the easing of restrictions, Casablanca recorded the highest number of
COVID-19 infections and fatalities, and remains the worst-hit in Morocco. For this
reason, the authorities have chosen to maintain the lockdown and strict preventive
measures to control the virus’ spread. The aim of this study is to assess the variation
of the LST before and during the emergence of coronavirus, with regards to the
lockdown policy in Casablanca.

2. Materials and Methods

2.1. Study Area

Casablanca city is located in the central-western part of Morocco between 33.65°
and 33.68° north latitude and —7.44° and —7.44° east longitude (Fig. 1). Bordered by
the Atlantic Ocean, the city has a Mediterranean climate with a strong oceanic ten-
dency, which gives it rather wet, mild winters and warm, dry summers.
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Fig. 1. Location of the study area



108 M. Taoufik, M. Laghlimi, A. Fekri

The annual average temperature is 18.88°C and the annual cumulative precipi-
tation is 426.1 mm. Casablanca is the most populous city in Morocco and has a pop-
ulation of about 3.71 million in the urban area. Considered as the economic and busi-
ness center of Morocco, the city hosts the leading Moroccan companies and many
other international corporations doing business in the country, as well as the main
industrial facilities. Thereby, Casablanca holds its recorded position as the primary
industrial zone of Morocco.

2.2. Data Collection

This study was performed using satellite data gathered from the United States
Geological Survey USGS website https://earthexplorer.usgs.gov/ (Tab. 1). Landsat 8
is a satellite that aims at monitoring the Earth’s surface through the recording of
multispectral images, in order to produce information for use in environmental
monitoring, protection and sustainability of the planet; it is equipped with two sen-
sors, the Operational Land Imager (OLI) multispectral sensor and the Thermal In-
frared Sensor (TIRS) [24]. Landsat 8 OLI and TIRS images are free and have Thermal
Infrared (TIRS) bands (Band 10 and 11).

Thirty-three multi-date Landsat images (path: 202, row: 27) are used for this
study. The satellite images were level 1 GeoTIFF type.

Table 1. Landsat image characteristics used in this research

Band Sensor Spectral resolution | Spatial resolution

[um] [m]
Band 1 - Coastal/Aerosol 0.433-0.453 30
Band 2 - Visible blue (BLUE) 0.450-0.515 30
Band 3 - Visible green (GREEN) 0.525-0.600 30
Band 4 - Visible red (RED) 0.630-0.680 30
Band 5 — Near-infrared (NIR) OLI 0.845-0.885 30
Band 6 — Short wavelength infrared 1 (SWIR1) 1.56-1.66 30
Band 7 - Short wavelength infrared 2 (SWIR2) 2.10-2.30 30
Band 8 — Panchromatic 0.50-0.68 15
Band 9 - Cirrus 1.36-1.39 30
Band 10 — Thermal Infrared (TIRS) 1 10.3-11.3 100

TIRS

Band 11 — Thermal Infrared (TIRS) 2 11.5-12.5 100



https://earthexplorer.usgs.gov/

Comparison of Land Surface Temperature Before, During and After the Covid-19... 109

2.3. Data Description

This study compares three different periods, before, during and after the
COVID-19 induced lockdown in Morocco, based on Landsat 8 OLI and TIRS images.
As the lockdown started on 20" March, the chosen periods are between the 1° Jan-
uary and 20" March for the ‘pre-lockdown’ period, between the 21" March and the
23 May for the ‘during lockdown’ period, and between the 24 May and 8" June for
the “after easing COVID-19 restrictions’ period. On the other hand, in order to better
understand the variation of the LST, images of the same periods were analyzed for
the years 2016, 2017, 2018 and 2019. The historical data (Tab. 2) allows us to avoid
any confusion between the variations due to regular seasonal changes, and the pos-
sible variations caused by the lockdown policies.

For this study, dates were chosen based on the availability of data and also on
the cloud cover. The data acquired between January and June occur during winter
and spring, which may represent significant spots of clouds on images. Therefore,
images were not selected based on exactly the same dates, but on their quality in
order to avoid the influence of clouds and obtain more representative results.

Table 2. Acquisition dates and characteristics of satellite images

Period | Acquisition

Year P) date Image ID Cycle | Path/Row
P1 2016-01-06 | LCO8_L1TP_202037_20160106_20170404_01_T1 | Daytime | 202/37
P2 2016-01-22 | LCO8_L1TP_202037_20160122_20170405_01_T1 | Daytime | 202/37
P3 2016-02-07 | LC08_L1TP_202037_20160207_20170330_01_T1 | Daytime | 202/37
P4 2016-02-23 | LC08_L1TP_202037_20160223_20180527_01_T1 | Daytime | 202/37
2016

P5 2016-10-03 | LC08_L1TP_202037_20160310_20170328_01_T1 | Daytime | 202/37

P6 2016-03-26 | LCO8_L1TP_202037_20160326_20170327_01_T1 | Daytime | 202/37

P8 2016-04-27 | LCO8_L1TP_202037_20160427_20170326_01_T1 | Daytime | 202/37

P11 2016-05-29 | LC08_L1TP_202037_20160529_20180527_01_T1 | Daytime | 202/37

P3 2017-02-09 | LC08_L1TP_202037_20170209_20170217_01_T1 | Daytime | 202/37

Pe6 2017-03-29 | LC08_L1TP_202037_20170329_20170414 01_T1 | Daytime | 202/37

2017 pP7 2017-04-14 | LCO8_L1TP_202037_20170414_20170501_01_T1 | Daytime | 202/37

P8 2917-04-30 | LCO8_L1TP_202037_20170430_20170515_01_T1 | Daytime | 202/37

P10 2017-05-16 | LCO8_L1TP_202037_20170516_20170525_01_T1 | Daytime | 202/37
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Table 2. cont.

Period | Acquisition
Year ®) date Image ID Cycle | Path/Row
P1 2018-01-11 | LCO8_L1TP_202037_20180111_20180119_01_T1 | Daytime | 202/37
P2 2918-01-27 | LC08_L1TP_202037_20160310_20170328_01_T1 | Daytime | 202/37
P3 2018-02-12 | LC08_L1TP_202037_20180212_20180222 01_T1 | Daytime | 202/37
2018
P6 2018-04-01 | LCO8_L1TP_202037_20180401_20180416_01_T1 | Daytime | 202/37
pP7 2018-04-17 | LCO8_L1TP_202037_20180417_20180501_01_T1 | Daytime | 202/37
P11 2018-06-04 | LC08_L1TP_202037_20180604_20180615_01_T1 | Daytime | 202/37
P1 2019-01-14 | LCO8_L1TP_202037_20190114_20190131_01_T1 | Daytime | 202/37
P3 2019-02-15 | LCO8_L1TP_202037_20190215_20190222_01_T1 | Daytime | 202/37
P5 2019-03-19 | LCO8_L1TP_202037_20190319_20190325_01_T1 | Daytime | 202/37
2019
P7 2019-04-20 | LCO8_L1TP_202037_20190420_20190507_01_T1 | Daytime | 202/37
P8 2019-05-06 | LCO8_L1TP_202037_20190506_20190521_01_T1 | Daytime | 202/37
P11 2019-06-07 | LCO8_L1TP_202037_20190607_20190619_01_T1 | Daytime | 202/37
P1 2020-01-01 | LCO8_L1TP_202037_20200101_20200113_01_T1 | Daytime | 202/37
P2 2020-01-17 | LCO8_L1TP_202037_20200117_20200128_01_T1 | Daytime | 202/37
P3 2020-02-02 | LCO8_L1TP_202037_20200202_20200211_01_T1 | Daytime | 202/37
P6 2020-03-21* | LC08_L1TP_202037_20200202_20200211_01_T1 | Daytime | 202/37
2020
P7 2020-04-06 | LC08_L1TP_202037_20200406_20200410_01_T1 | Daytime | 202/37
P8 2020-04-22 | LCO8_L1TP_202037_20200508_20200526_01_T1 | Daytime | 202/37
P10 2020-05-08 | LC08_L1TP_202037_20200508_20200526_01_T1 | Daytime | 202/37
P11 2020-05-24 | LCO8_L1TP_202037_20200524_20200607_01_T1 | Daytime | 202/37

* Lockdown was started on the 20" March 2020; hence P7 to P10 represent during lockdown period and
P11 represents the after lockdown period.
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2.4. Land Surface Temperature Extraction

LST is calculated using the following steps described below and illustrated in
Figure 2.
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Fig. 2. Flowchart for LST retrieval

TOA Spectral Radiance

The value of TOA Spectral Radiance (L) of TIRS Band 10 is estimated using
the algorithm given below. This algorithm (1) transforms raw image into spectral
radiance image [25]:

Lh=M, xQ_ +A, (1)

where L1 is the spectral radiance [watts/(m™-s-rad™-um™)], M, represents the band-spe-
cific multiplicative rescaling factor, Q_, is the Band 10 image, and A, is the band-specif-
ic additive rescaling factor provided in the metadata file of the Landsat image.

Brightness Temperature

Brightness temperature (BT) is the microwave radiation radiance traveling up-
ward from the top of Earth’s atmosphere [26]. In order to convert reflectance to BT,
the following equation (2) is adopted [25], using the thermal constants provided in
the metadata file of the Landsat image:

K
BT=—r—2 2731 2
In[ (K, /L2)+1] 7 ()

where BT is the brightness temperature, K, and K, are thermal conversion constants,
and LA is top of atmospheric radiance.
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In order to obtain the results in Celsius, the radiant temperature is revised by
adding the absolute zero (approx. —273.15°C) [27].

Land Surface Emissivity

The land surface emissivity (LSE(e)) must be calculated in order to estimate LST,
since the LSE is a proportionality factor that scales blackbody radiance (Planck’s
law) to predict emitted radiance, and it is the efficiency of transmitting thermal en-
ergy across the surface into the atmosphere [28]. The LSE(¢) can be stated as the
equation below:

LSE(&)=0.004-P, +0.986 (3)

where P is the proportion of vegetation obtained according to [29]:

2
NDVI-NDVI
’ ={ ! J (4)

NDVI, —NDVI,

where NDVI is the normalized difference vegetation index, calculated using the
combination of band near infrared (Band 5) and red (Band 4), as follow:

NDVI = Band5-Band 4 5)
Band5+ Band 4

NDVI, (also called NDVI__ ) is the NDVI of soil, and NDVI  (also called NDVI
is the NDVI of vegetation.

max)

Land Surface Temperature
The final step is to estimate the LST using the algorithm in Eq. (6) [30]:

LST = BT (6)

{1+[(xBT/p)Ine, ||

where BT is the at-sensor brightness temperature, A is the TOA reflectance, and In e\
is the emissivity.

3. Results and Discussion

In this paper, the impact of the COVID-19 induced total lockdown on the LST
was assessed using three time periods (between the 1* January and the 20™ March
“First total lockdown date”, between the 21" March and the 23'¢ May “Date of
easing of COVID-19 restrictions”, and from the 24" May to the 8" June “After the
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easing of COVID-19 restrictions”). Each time frame was divided into periods of
16 days. In fact, the non-availability of data and the significance of cloud cover were
limiting factors in this study. Therefore, the acquisition of different dates from dif-
ferent years was the solution to bypass this issue. Furthermore, an averaging process
of the past four years’ data was performed to reduce LST variation in a specific year
before the emergence of COVID-19 in Morocco.

Periods (P) are numbered from 1 to 11 and the LST of each year for each period
is calculated following the main steps described in the 2.4. Land Surface Tempera-
ture Extraction section. The average LST is then estimated for the different periods.
The obtained results are compared to the same dates of 2020 year (Tab. 3). It can be
seen that the mean difference of the LST is not calculated for P4, P5 and P9 periods.
Data from these time frames are not available for the year 2020, and were thus ex-
cluded from this research. One option would have been to estimate the LST based on
the interpolation of previous and next 16-day data. However, this technique might
have biased the results, especially for the P5 and P4 periods that will depend on the
during lockdown data. For these reasons, P4, P5 and P9 are not represented in the
final results.

Table 3. Descriptive LST statistics over the study periods

Before lockdown During lockdown locifit(e):/m
LST [°C]
P1 P2 P3 P4 P5 P6 pP7 P8 | P9 | P10 P11
In 2016 1556 | 17 |11.03 | 19.14 | 12.71 | 22.54 | x |27.65| x x 23.81
In 2017 x x | 16.67 | x x | 24.66| 2445|2039 | x |30.12 x
In 2018 1498 | 11.18 | 17.09 | x x | 2255|2548 | x x x 24.1
In 2019 15 x |15.02| x |2325| x |2349|2657| x x 26.52

Average, 4 years

before 2020 1517 | 14.09 | 14.95 | 19.14 | 17.98 | 23.25 | 24.47 | 24.87 | x | 30.12 24.81

During 2020 15.46 | 14.93 | 20.49 x x 1229 | 21.84 | 19.64 | x | 22.64 33.26

Mean difference | -0.29 | -0.84 | -5.53 x x 1096 | 2.63 | 5.23 x | 7.475 -8.45

x — data has significant cloud cover.

Figure 3 shows the comparison between during and before the emergence of
COVID-19, over the time frame of the study. As can be noted, the average LST of
2020 is slightly higher than the average LST of the four previous years. Actually,
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the mean differences of P1, P2 and P3 are —0.29°C, —0.84°C and -5.53°C, respective-
ly (Tab. 3). In contrast, the first period after total lockdown (P6), the gap becomes
larger, represented by 10.96°C of difference. In addition, the average LST of 2020
tends to stay under the 4-years’ average LST till the easing of COVID-19 restrictions.
Indeed, once the Moroccan government declared the resumption of some economic
sectors on the 20" May, several economic operators resumed their activities while
respecting health measures. Accordingly, the resumption caused heavy traffic in the
metropolis, and traffic jams were noticed at certain crossings in the city [31]. Thus,
the P11 is marked by a sharp rise in the LST of 2020, and the mean difference reach-
es —8.45°C. In other words, there is a noticeable correlation between the LST varia-
tion and the COVID-19 induced lockdown during the three different stages.

Mivermeiyratsbelore 2020 wiAVeARER020 Easing of COVID-19 restrictions (23“*May}

Total lockdown 20th March =

g

£ 20,00

-

g 15,00
10,00
5.00
0,00

P1 P2 B3 P11
PERIODS

Fig. 3. Mean LST comparison between before, during and after the total lockdown

The aggregation of the mean LST before the application of the lockdown policy
during the COVID-19 period, as well as the average of the past four years before the
emergence of COVID-19 on the same dates, is illustrated by Figure 4. Image pro-
cessing and maps’ creation were done using ArcGIS 10.3. The interval classes of LST
are set to be reliable for each compared period so that spatio-temporal comparisons
could be easily explored.

One might argue that there is a clear spatio-temporal variation of LST during
the three stages, especially during the lockdown period. According to Figure 4a and
Figure 4b, representing the before lockdown period, it is evident that there is a great
degree of similarity between the 4-year average LST and the LST of 2020 across the
study area. In contrast, during the lockdown period represented in Figure 4c and
Figure 4d, the 4-year average LST tended to exhibit relatively higher temperatures,
while the LST of 2020 is more typically represented by green color rather than the
orange color compared to previous years. On the contrary, after easing COVID-19
restrictions, LST jumped approximately 8°C and the orange color became the most
dominant compared to the past four years (Fig. 4e, f).



Comparison of Land Surface Temperature Before, During and After the Covid-19... 115

Before lockdown

290000 300000
a) . . b)

330000
T
330000
330000
T
330000

0 5 10 ] 12 -20
1Km Il -~

T T
290000 300000

320000
320000
320000
320000

During lockdown

C) 290000 300000 d) 250000 300000

33(')'000
T
330000
330000
T
330000

320000
320000
320000
320000

T T T T
290000 300000 290000 300000

e) 290000 300000 f )

330000
T
330000
330I000
T
330000

320000
320000
320:]00
320000

T T
290000 300000

Fig. 4. LST comparison of the main three periods: before lockdown, during lockdown
and after lockdown: the average LST of the past four years
before the emergence of COVID-19 (a, ¢, e); the LST of 2020 (b, d, f)
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In general, these findings are in agreement with results published in the litera-
ture, highlighting the impact of industrial activities and transportation on the LST
change [32]. In addition, the urban heat islands (UHI) are located in sectors char-
acterized by a high density of buildings and very developed industrial activity, in
particular the North-East of Casablanca (the industrial zone of Ain sebaa, Bernoussi,
Tit mellil and Ain Harrouda), and the port of Casablanca in the North. These areas
show the highest temperature values across the six-time frames. To better under-
stand the distribution of the different land-cover patterns, Figure 5 shows the land
use of the Casablanca region (adapted from [33]).
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Other development

[ casablanea City

350000
|
I
350000

Database: AUC 2006 p—

300000
|
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Fig. 5. Land use of Casablanca region
Source: adapted from [33]

These results not only show that the total lockdown had a direct impact on
the LST, but also that the LST is not increasing simultaneously with the expansion
of urban areas and the increase of population. In fact, the suppression of some an-
thropogenic activities may help controlling the LST to improve the environmental
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quality of the city. This implies that identifying land surface temperature contrib-
utes to better urban planning and partially prevents increases in temperatures and
the urban heat island phenomenon in urban areas. This observation was also made
previously by [23, 34].

4. Conclusion

In this study, the mean LST differences before, during and after the COVID-19
induced lockdown, and the average of the past four years for the same dates was
assessed using Landsat 8 OLI data and remote sensing techniques. The results show
that the average LST of the past four years has the same trend as the LST of 2020 for
the same time frame representing before the emergence of COVID-19 in Casablanca.
Once the lockdown policy applied in 20" March, the LST of 2020 has decreased sig-
nificantly, showing a mean difference of 10.96°C. In fact, the LST of 2020 was lower
than the mean LST of the past four years on the same dates during all the lockdown
period. After the easing of COVID-19 restrictions, a remarkable increase is observed
in LST of 2020. These findings could be better supported by applying the same meth-
odology to other industrial cities in Morocco using higher spatial resolution data.
This would confirm and emphasize the effective relation between the COVID-19
lockdown and the land surface temperature.

This research suggests that industrial activities, tourism, and transportation
have a severe impact on LST, and indirectly on the environment. Therefore, in order
to ensure favorable living conditions and the protection of environment from the
negative effects of economic, industrial and other anthropogenic activities, the LST
factor must be considered when planning land use. This parameter will contribute
to the effective management of urban areas.
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