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'The climate approach to urban planning related to urban pandemic mitigation strategies must be part of the sustainability

agenda for the well-being and the health of the citizen. Although previous research has shown that the use of urban outdoor
spaces enhances people’s physical and mental health, lockdown policies around the world in the aftermath of COVID-19
have negatively impacted the well-being of communities and the sustainability of urban spaces. The interest of this paper is to
verify if the urban morpho-climatic space conditions would influence its performance during covid-19 propagation. The work
method adopted is based on investigation through bibliographical research on a great number of scientific journals’ articles
and international reports, while in the experimental part we used Envi-met software for numerical simulation for morpho-
climatic environment.

The case study applies to two well-chosen urban spaces, in Batna city (Algeria), which differ in morphology and density, as well
as, in the spread of Covid-19 virus between them. The results of our summer 2020 conducted work revealed morpho-climatic
parameters that affect the behavior of epidemics in urban areas, which allowed us to highlight the optimal performance of
such urban space to be retained to mitigate the spread of the virus.
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INTRODUCTION

Since ancient times, humanity has suffered from devastating epidemics in which quarantine was considered the main
means to limit the spread of viruses between people. Historically, we note that architecture and town planning have had
an important and fundamental role in moderating deadly health crises. Particularly with the emergence of the hygiene
movement, that has contributed mainly to preserving large cities from the contagion of epidemics [1] Haussmannization
of Paris of Paris as an example, and the impact of the modern movement and its principles in terms of architecture
and town planning on the health of populations, which came in response to the great epidemics of the 19th and 20th
centuries.

Pandemicmoderationstrategies should be partofthe sustainabilityagenda, supportingthe third Sustainable Development
Goal, relating to the well-being and good health of citizens [2] .The major problem facing cities is the high population
density, which allows the spread of infectious diseases [3]. In this context, the corona virus pandemic is causing a state
of emergency around the world, forcing governments to take restrictive measures; Confinement and social distancing
are the two recommended solutions. The global strategy to combat Covid-19 to slow its transmission and reduce the
mortality associated with covid-19, advocates, through the World Health Organization, physical distancing measures at
the population level, including self-isolation [4] .

Faced with this delicate provision, international health systems have applied non-curative preventive practices like full
and partial confinement in order to mitigate the impact of COVID-19 on peoples [5] . What follows is based on content
from high-impacted scientific journals on the nature of urban spaces, epidemiology, virology, environmental science,
public health, and urban systems related to immunity.
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Urban space design is a means of influence for planning healthy cities, urging physical and mental health benefits [6],
nevertheless, spatial containment actions must avoid provocative factors ; such as extreme densities, over-connected
street networks, monofunctional neighborhoods, insufficient natural ventilation, lack of sunshine. All of which increases
the risk of epidemics [7] , however, urban spaces could maintain isolated physical and psychological restorative
environments [2] .

In this context, spatial distancing, of at least 1m with others, while preserving social ties is more appropriate and could
reshape the urban space in order to make our cities healthier while limiting the spread of the pandemic [4,8-10] .
Recent studies on infectious disease control have highlighted climatic influences on disease containment and spread.
The results led to predictive models of viral infections based on micro-climatic parameters [10] .

The estimation of micro-climatic conditions in outdoor urban spaces requires a thorough knowledge of many parameters
related to the urban environment, such as air temperature, relative humidity, air speed, rainfall, and above all; solar
radiation and ventilation

In this regard, from the review of the literature, some previous research has proven the correlation of micro-climatic
conditions with respiratory diseases [11] , and that there is an association between the accelerated spread of COVID-
19 virus and prevailing air speed [12,13] . In 2020, Stevens and Tavares proved that cities with well-ventilated urban
spaces reduce contagious respiratory diseases and generate resilient urban environments [5,14]. Furthermore, social
distancing and ventilation are applied to control the COVID-19 pandemic. The study indicated that 1.6 to 3.0 m (5.2
to 9.8 ft) is the safe social distance when considering aerosol transmission of large expired droplets during dialogues,
while the distance can be up to 8.2 m (26 ft) if we consider all droplets in a still air environment [15] .

Although minimum ventilation or fresh air requirements should vary depending on remoteness conditions, length of
exposure and efficiency of air distribution systems, effective natural ventilation is an influential factor in reducing the
risk of contagious infections. Recent research has ruled the accelerated spread of the COVID-19 virus relative to the
prevailing wind speed [10,13] . Nevertheless, precautions should be observed in terms of increasing ventilation rates, as
staying in the same direction of airflow with an infected person would increase cross-infection rates [10] .

As for solar radiation, solar ultraviolet radiation proves to be the most influential on public health [16], it suppresses
adaptive immunity while stimulating non-specific innate immunity. Consequently, it acts on the reduction of mortality
possibilities [17] .

That is why doctors recommend daily sun exposure from 10 a.m. to 3 p.m. only for 15 to 30 minutes, depending on skin
color. The researchers also added that the recommended daily amount for infants 0-12 months is 400 international
units (IU), while that for people 1-70 years old is 600 IU. However, the recommended daily exposure amount increases
to 800 (IU) for people over the age of 70 [18,19] . Likewise, the preservation of good air quality contributes to the
photosynthesis of vitamin D. In this regard, air pollution is one of the main factors leading to its deficiency in most urban
settings. By blocking the ultraviolet rays responsible for the process of photosynthesis [20] . Temperature and relative
humidity are additional factors that affect the microclimate of urban spaces and affect the occurrence of respiratory
diseases. Franch-Pardo asserted the relationship between mortality rates in Wuhan (the epicenter of the COVID-19
virus) and both temperature and relative humidity ranges (Franch-Pardo et al. 2020). Wang supported Lowen’s findings,
stating that high temperature and high humidity, respectively, reduce COVID-19 transmission [21] .

Our observation stipulates that the Covid-19 pandemic is dependent on the major cities of developed countries. Very little
research has been undertaken in Third World cities, particularly in Algerian cities, which have experienced significant
spread of Covid-19. This is the case of Batna city, which we have chosen, to highlight the influence of environmental
spatial parameters on the contagion of epidemics in general and the Covid-19 pandemic in particular.

To wonder to what extent urban environments would reduce the spread of the virus; this article takes up two urban
scenarios to highlight the correlation between the spread of epidemics and the environmental spatial parameters,
between the planned individual (subdivisions) and collective housing, respectively with a high rate of spread of the
virus and a weak diffusion for the latter. (Health department Data of Batna city, 2020). Our research is based on in
situ measurements, modeling and simulation to calculate the micro-climatic parameters of the two urban sites (air
temperature, relative humidity, speed air, solar radiation, etc.). Also emphasizes the impact of other environmental
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factors, including air quality, in addition to spatial factors regarding the dimensions of space and the spatial distance
required to reduce the spread of the virus. Based on the literature review, sufficient exposure to sunlight and natural
ventilation affect the spread of the pandemic. Nevertheless, the study aims to synthesize the dense findings of the
literature review through a quantitative assessment framework. It highlights the main parameters influencing pandemic
mitigation in urban areas, namely: Spatial parameters and micro-climatic evaluation. Table 1.

Table 1. Representing the quantitative assessment framework of morpho-climatic parameters required for pandemic
mitigation of urban spaces

Morphological parameters

parameters Scale Impact Reference

- Enable solar exposure
Space dimensions -1:2 ormax. 1.5:2,0f 12 mto 24 m
- Enable psychological relief
(H:W ratio) - side length average 0.5-0.75 . o [31,32]
- Enable adequate air ventilation.

Estimated number
1.1-2 mapart -Reduce rates of cross- infection. |[11, 33-35]

of users (1.80 m apart)

Climatic parameters

Dail to sol -Low < 4,5 KWh/ m2 - High solar radiation cause skin
ay .exposure © 8018 Moderate 4,5-5,5 KWh/m2 -burn and would lead to skin [16,17,20,27-30]

radiation (kwh/m2)

-High >5,5 KWh/ m2 cancer.

- Dilute infectious droplets

-<25m/s 2 - i i

Natural ventilation / Enable droplets dispersion and
] -2.5-5m/s 2 avoid their accumulation. [5,12,14,25,31-33]

- air speed (m/s) } ]

->5m/s 2 - Decrease infection Improve

mental health
- High temperatures decrease

-the spread of the virus than low

Air temperature (°C) ones [12,21,34,35]
Low <50% - Higher relative humidity %
Relative humidity% decreases
-Suitable: 50-70% ,
- The spread of the virus than low [12,34-36]
- Hi 0,
High >70% percentages.
Air quality index (AQI)
- Healthy <50 % - Decrease azmatic complications.
A lity index (A0D | Moderate 50 <and <100 - Decrease chest infection 1020
ir quality index (AQI) ) -Unhealthy >100 - Help in recovery phases [10,20]

This estimate has prioritized and categorized spaces with compliant micro-climatic behavior so that they engage in
public life during periods of confinement. [11, 33-35]

Geographical and Climatic Context of Batna City

This study is on the city of Batna, an area in the eastern part of Algeria, located between 06° and 17° East longitude, and
between 33° and 56° North latitude, at an altitude of 1058 m above sea level. The territory of the city of Batna is almost
entirely part of the physical ensemble formed by the junction of two Atlases (Tellian and Saharan). Figurel.

This position gives it a semi-arid climate, characterized by a hot and dry summer with maximum temperatures reaching
36.4°C in July, and a cold and humid winter, with minimum temperatures reaching 0.4°C in January (Period 2011-2020
provided by the meteorological station of Batna).

According to real-time satellite data and air quality indices, the city of Batna unveiled a moderate air pollution level of
57 US AQ], the dominant pollutant is (PM2.5) with a concentration of 18, 1 pg/m3 (standard established by the EPA
Environmental Protection Agency. Main pollutant: Fine particles (PM2.5).
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Wilaya of Batna

Figure 1. Location of Batna city.
Presentation of the Case Study: The Investigation Site

Our study concerns two well-chosen urban fabrics in the city. These two urban fabrics represent a clear distinction in
the spread of Covid-19 relating to their morphological distinctions and urban density, to which we will return later.
The two fabrics represent regulated urban forms in two housing typologies namely; collective housing, and individual
housing (These two urban fabrics are found on either side of Biskra road axis, in the ZHUN of Batna city’s East extension.
The first, parceling Kemouni, referred here as the site (1), is a district built in the 1970s (Older), the second is a collective
housing district of 500 housing units, built between 1974 and 1984 as part of the ZHUNs in Algeria, named by the site
(2). The choice of these two sites was made according to three criteria:

a- Urban density, where the site (1) is very dense, while the site (2) is looser,

b- The morphological indicators at the level of the exterior spaces, which are; the ratio (H/L) and the sky view factor
(SVF).

c- The big difference in the spread of the Covid-19 virus between them. Figure 2.

areas o rnigh spreaa of the Covia-18 virus
Breas o fmedium spread ofthe Covid-19 vius

[Breas oflow spread ofthe Covid-19 vius

R o R O =

Kemouni housing estate (site 1)

Figure 2. Location of the study area and distribution of the spread of Covid-19 in the urban sectors of Batna city
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Although these sites are located in the busiest part of the city, they have been severely affected by the lockdown following
the spread of the COVID-19 virus.

This is confirmed by statistics from the Batna health department, which indicates that the rate of cross-infection with
Covid 19 in site (1) is high, up to 55%, and it is more important than the site (2), where the rate is lower up to 15%.

The distribution of the spread of Covid-19 in the urban sectors of the city of Batna according to the statistical data of the
health directorate of Batna Wilaya, 2020, justifies our choice, where the distribution of Covid-19 between them is very
distinct according to their morphological distinctions and both urban and population densities. Table 2.

Table 2. Characteristics of the two study sites.

Study sites Site Features

Type: First self-built housing estate

Year built: 1970

Area: 120360 m2

Number of plots: (326 plots)

Built surface: 96296.00 m2 _

Unbuilt area: 24064.00 m 2

Height of constructions: R+1 up to R+4

Urban density ( CES) : 67%

Population : 2608 inhabitants

Urban area to strong spread of the Covid-19 virus

Type: collective housing

Year built: 1974-1984

Area: 65824 m2

Built area: 11190.08 m

Unbuilt surface: 54633.92 m 2

Building height: R+5

CES urban density: 17 %

Population: 2500 inhabitants

Urban area to low spread of the Covid-19 virus

WORKING METHOD

Beside a dense bibliographic research applied in this context, we used an investigative approach based on the method
of quantitative assessment of the spatial and environmental parameters necessary to mitigate the pandemic of urban
spaces The experimental concerns; in situ measurements in the first place, and in the second place; modeling and
simulation using the software Envi-met pro version 4.4.6 [37] . Which deals with the effects of microclimatic conditions,
the dimensions of the space, and in addition to the number of users of the spaces to be determined, we can deduce the
spatial performance of the local climate on the spread of epidemics in the regions of the urban area. In line with the
objectives of this research, we generated parametric measurements and numerical simulations using the professional
version ENV-met 4.4.6 at both sites.

This allowed us to calculate the values of air temperature (°C), relative humidity (%), solar radiation (KWh/m2) and air
speed (m/s), in order to reach the local climate performance of the two urban spaces, during the pandemic. According to
areview of the literature, solar radiation and natural ventilation are major climatic factors affecting the risks of infection
due to the spread of the COVID-19 virus. In this respect, numerical measurements are viable tools to calculate these
parameters [37] .

From the comparison between the two sites in terms of their spatial and environmental parameters, we can deduce,
within them, the behavior of the COVID-19 epidemic, during the summer of 2020, according to the processes below.
Figure 3.
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Figure 3. Diagram showing the working process
Numerical Simulation

ENVI-met is a three-dimensional prognostic climate model, which calculates the dynamics of the microclimate using
fundamental physics based on the principles of fluid mechanics, thermodynamics and the laws of atmospheric physics.
In particular, it allows the simulation of microclimatic interaction between urban surface, vegetation and atmosphere,
and the analysis of the fine-scale effects of urban design in a microclimate under different meso-scale conditions [37] .

ENVI-met has been widely used due to its ability to combine and consider spatial variations of the four meteorological
variables influencing thermal comfort. According to research [38-40] . The results of ENVI-met software are more
accurate and reliable in comparison with other software. The two scenarios, respectively, of the site (1) and (2),
represent a variation in the urban morphology; each of them has a regulated urban form in two housing typologies,
namely individual housing, for the site (1) and the collective, for the site (2).

Simulation Method

To simulate the selected corpus, we took the two sites, corresponding to the horizontal microclimate scale. Both sites
are modeled by ENVI-met pro version 4.4.6 using an orthogonal geometric grid whose spacing for directions (x, y) is (2
m, 2 m), and z is 20 m, summarized according to Table 3.

The modeling reproduces the 3D buildings, the ground, and the vegetation. The floor and wall materials of each fabric
are identical in both cases.

Table 3. Data from the digital models of the two-site. Scenarios (1) and (2) modeling by ENVI-met pro version 4.4.6.

. . First sample site (1) Second sample site (2)
Model dimensions S . L
Kemouni district 500 housing district
Horizontal grid study area 220m x 200m 120m x 140m
Horizontal resolution Ax=2m Ay =2m Ax =2m Ay = 2m
Vertical grid study area 20m 20m
Vertical resolution Az =2m Az =2m

The simulated time interval extends from 8:00 a.m. to 4:00 p.m. along July 26, 2020, considered the hottest day, according
to the climatic parameters for the month of July. It is also the day, when people visit the site extensively, while on that
day, isolation was from 5 p.m. to 7 a.m. This choice is considered as the most unfavorable case of the summer period
for this semi-arid climate where the meteorological data is introduced into the ENVI-met configuration file according
to table 4
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Table 4. Input configuration data applied in the ENVI-met simulations. The main parameters introduced to the *. cf
file. Simulation input data (inputs).

Batna, Algeria
Longitude 6.17 E

Situation of the two sites Latitude: 33.56 N
Altitude: 1058m
North=45
Type of climate Climate: semi-arid and dry climate in summer
simulation day Typical hot summer day, 26.07.2020
Simulation time From 07.00 a.m. to 6.00 p.m.: (12 hours)
Climatic parameters:
Average wind speed (m/s) 2.50m/s
Wind direction 180.00 north
Average relative humidity (%) 28%
Average temperature (°C) 31°C
Urban data
Urban density site (1) 67%
Urban density site (2) 17%
Buildings:
Average height of the site section (01) 09m
Average height of the site section (02) 15m

In the ENVI-met, a visualization tool (LEONARDO) makes it possible to visualize the results of the modeling, in two
dimensions 2D as in 3D (three dimensions). As a result, numerical models for different simulation scenarios of the two
urban sites were designed, according to table 5.

Table 5. Modeling of the scenarios of the two sites n° (1) and (2) “2D model area and 3D model area created using ENVI
met, showing the exterior spaces and the buildings.

Scenarios 2D model area 3D model area
: %
2 i !EE
k%)
o
E g!i! i
o
3 .mrs
Urban density: 67% very dense fabric
L L
D ! . |
P = —-' o
S HEE g '
= L}
3 P} i
. itale gy SiSalie nlsgls
Urban density: 17% loose fabric
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RESULTS AND DISCUSSIONS

After studying, the two main open spaces of the habitable urban fabrics in Batna, through the spatial factors concerning
the dimensions of the space and the spatial distance required to reduce the spread of the disease. The evaluation
prioritized and categorized spaces with adequate microclimatic behaviour to be engaged in public life during lockdown
periods, according to table 01.

The Evolution of the Morpho-Climatic Parameters Impact on the Spread of the Pandemic in the Two
Urban Configurations

It presents the impact of these parameters on pandemic mitigation plans, illustrates related references, and refers to the
parameters identified in the literature review. On the one hand, it identifies the spatial characteristics of urban space. It
includes the aspect ratio (H/W) and the estimated number of users using the spatial distance from 1.80 to 2 m apart. At
the same time, it highlights the climatic parameters that affect public health.

Comparison between the Morphological Parameter Effects on the Pandemic Spread in the Two Urban
Configurations

According to [41] the morphological indicators at the level of outdoor spaces are; the ratio (H/L), sky view factor (SVF),
and orientation, which in our case, for both sites is (North - East)).

We define the sky view factor as the solid angle under which we can see the sky from an urban space. Its value varies
from (0 to 1), 1; when the sky view is free of any obstructions, down to 0 where the view of the sky is totally obstructed.
It corresponds to the portion of sky observed from the surface considered [42] .

The ENVI-met model makes it possible to calculate the sky view factor; the calculation takes into account the spatial
characteristics of the urban fabrics and their immediate environment. The average sky view factor is very distinct
between the two urban configurations. Figure 4.

Figure 4. Spatial distribution maps of the SVF deviation: the site (1) model on the left, the site (2) model on the right.

SVF  Template site (1) SVF  Template site (2).

Based on the SVF spatial distribution map between site model no. (1) and site model no. (2). It illustrates high values
of SVF in red color, equal at (0.80) in site no. (2), where the H/L ratio= 0.27 and the density is around 17%, while the
lower values (equal to 0.40), are represented in green color in site no. (1), where the H/L ratio=1.15 and the density is
estimated at 67%. These values are in the 500 dwellings’ city where the spacing between the buildings are large and
relatively constant over a long distance (56m), which makes their geometry open to the sky. (Average value of SVF=
0.80).

These results confirm that the density of the fabric has a direct impact on the SVF and the H/L ratio, which affect
the spread of the COVID 19 virus; we can deduce that this allows better solar exposure, psychological relief and more
appropriate air ventilation [31, 32].

In the sparse urban fabric (2), built area (17%), where the free surface is estimated at 54633.92 m2, and if the distance
from each individual is 2.00 m, and in order to reduce the rate of cross infection, we will have a total number of 3414
individuals at once. In percentage; 136.56% at the same time in this space, when really the number of individuals in
the whole city is estimated at 2500 individuals, so we deduce that the cross-infection rate to Covid 19 is practically nil.
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On the contrary, in the urban fabric (1) dense, built area (67%), where the free surface is estimated at 24064 m? and
with the same distance, we will have a number of 1504 individuals. In percentage; 57.66% at the same time in this space
while the total number of the population in this fabric is estimated at 2608 inhabitants, we deduce that the rate of cross-
infection with Covid 19 is high during the year 2020. Table 6 and Table 07.

Table 6. Distribution of people according to a grid of 2m spatial distancing measures in the two urban configurations
and their occupation behavior.

Distribution of people according to a grid of 2.00 m spatial distancing measures

Site (1)

Site (2)

R 56m

Table 7. Assessment of the two urban configurations’ spatial factors

Settings Site n° (1) Site No. (2)

Urban density CES 67 % 17 %

The unbuilt surface 24064 m 2 54633.92 m 2

Space dimensions (average H/L ratio) 1.51 0.27

Sky View Factor (SVF) 0.40 0.80

Population number in both neighborhoods 2608 inhabitants 2500 inhabitants

Maximum number of users ( 2.00 m) distanc | 1504 people, in percentage 58% | 3414 people, in percentage 137%

Spatial distancing could transform urban space in order to preserve the well-being of our cities, while limiting the spread
of the pandemic. The minimum distances we should observe to avoid contamination are estimated at 1.80m to 2.00m,
[12,24-26] In our case, we have adopted a distribution of people, according to a grid of spatial distance measurements
determined as 2.00 m, to avoid contamination of Covid-19.

Finally, we can conclude that the lower the density of the building, the morphological and geometric indicators (SVF
tending towards the value 1 and H/L tending towards 0), the healthier these spaces are. Moreover, vice versa, they will
become contagious, allowing the spread of the virus. [11, 33-35] .
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Comparison between the Impacts of Micro-Climatic Parameters on the Spread of the Pandemic in the
Two Urban Configurations

In the following, we present the comparison of microclimatic variables between site (1) and site (2), to highlight the
impact of microclimatic parameters of urban spaces on the pandemic proliferations of COVID-19.

The simulation allows us to measure the evolution of the following microclimatic parameters: air temperature (°C),
relative humidity (%), direct solar radiation (KWh/m?2) and air speed (m/s). We carried out this analysis for the summer
period in order to access the microclimatic performance of each urban space during the pandemic, according to three
schedules, as follows: in the morning at 8:00 a.m., midday at 12:00 p.m. and in the evening at 4:00 p.m.

Impact of Relative Humidity on the Spread of the Pandemic in the Two Urban Configurations

For the spatial distribution of the relative humidity of the two sites (1) and (2), we present them in the maps below,
obtained from the results of the relative humidity simulation. There is a decrease in the values of this, as time passes
on the site (1), it decreases from 37.45% at 08:00 to 25.91% to end at 23.37% at 16:00. It is the same a site (2), but
the variation of this decrease is more accelerated. The values of relative humidity are 43.50%, 25.88% and 19.00%
respectively at 08:00, 12:00, and 4:00 p.m. certainly these amounts are due to the great opening of spaces in that case.

According to the standards, a higher percentage of relative humidity increases the spread of the virus and thatit decreases
in the case of low percentages. It is high when RH >70%, medium when itis between 50% to 70%, and low when HR<50%
[12,34-36] .In our case, and despite the variations observed, they remain in both cases below 50%, consequently and
depending on the relative humidity, the spread of the pandemic remains low in the two urban configurations. Table 8.

Table 8. Comparison between relative humidity % of the two urban configurations: site (1) and site (2) on the spread
of the pandemic at 8 am., 12 p.m. and 4

Map of relative humidity (%)

08.00h 12.00h 16.00h

Site (1).

Site (2).

Impact of Air Temperature on the Spread of the Pandemic in the Two Urban Configurations

The spatial distribution of the temperatures of the two sites (1) and (2) is presented in the maps, below, obtained from
the results of the simulation; these illustrate the different values according to the morphology of the space.

Overall, we can deduce that the temperatures rise in both cases, as time passes and this, until 4:00 p.m., with higher
values of site (2) compared to site (1), obviously this is due to the greater shade of the site (1) and to direct exposure to
solar radiation from the large open spaces of the site (2).

According to the results of some research in this theme, these state that high temperatures decrease the spread of the
virus than low temperatures. [12, 21, 34, 35]. Consequently, and during the morning, the two sites present, in relation
to the climatic parameter air temperatures, identical virus propagation conditions given their low temperatures, and as
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time passes and with increasing temperature, this propagation ability decreases with an advantage of the site (2), since

its temperature is the highest. Table 9.

Table 9. The comparison of air temperatures between the two urban configurations of the pandemic spread through

the day at 08h00, 12h00 and 16h00.

Map of air temperature (°C)

Afternoon

Site (1)

08.00h morning 12.00h mid-day

16.00h

Site (2)

Impact of Direct Solar Radiation on the Spread of the Pandemic in the Two Urban Configurations

The spatial distribution of direct radiation from the two Sites number (1) and (2) is presented in the maps below,
obtained from the simulation results. High solar radiation values are shown in purple color, while lower values are
shown in blue color. The results show that Kemouni (site1) records reduced solar radiation values compared to the 500-
dwelling district site (2) with an average deviation AT=5.4 (KWh/m?2) in favor of a site (2). This is primarily caused by

the relation between H/L and SVF. Table 10.

Table 10. Maps of spatial distribution of the difference in direct solar radiation in the two urban configurations; at 8:00

am., 12:00 p.m. and 4:00 p.m.

Maps of Direct Solar Radiation

Site (1)

08.00h 12.00h

16.00h

Site (2)
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The values of direct solar radiation increase with the increase in the values of the SVF and the decrease in the values of
the H/L ratio; this is remarkable in the two subdivisions [43] .

Table 11, below, illustrates three solar climate zones with different impacts on public health. These areas improve the
immune system by allowing photosynthesis of vitamin D or cause skin burns [16,17,20,27-30].

Table11. The evaluation of solar radiation (KWh/m?2) in relation to surfaces (m2) for the two urban configurations.

Site Free area (m 2) Scale (KWh/m2) (m2)
a) 19831.00
b) 4234.00
Site (1) 24064.00 ¢) 00000.00

a) Low < 4,5 KWh/m2
b) Moderate 4.5-5.5 kWh/m?2
c) High> 5,5 KWh/m?2

a) 22853.72
b) 32380.00

Site (2) 54633.92
¢) 00000.00

Impact of Airspeed on the Pandemic Spread in the Two Urban Configurations

The values of the airspeed of site n° (2) are higher than the airspeed of site n° (1). This is certainly due to the morphology
of the alleys, where they are minimal due to their narrowness. The minimum values in blue color persist throughout the
day at this site. Unlike site n° (2) where the variety of colors testifies to the variation in airspeed between the different
outdoor spaces, and even between the morning, afternoon and evening. The blue concentration corresponds to the
lowest speeds. The decrease in the H/L ratio between the layouts of the two sites makes it possible to assess an average
increase in air speed of 1.75 m/s at the profile of Site (2), at this site, the phenomenon is mainly due to the same height
of the buildings, but a significant widening of the tracks. [15, 43] .These differences between the airspeeds are mainly
due to the following elements, which are not taken into account by the directional opening:

- Density effect: Site (1) has a strong built density. The building prospects are indeed quite large while those on the
streets are very low. This density effect will therefore reduce the permeability of the streets to the wind. Beyond this
face, the wind only penetrates the streets through the peripheral limits of the district. Table 12.

Table 12. Maps of spatial distribution of air speed in site (1) and site (2) for the day at 08h00a.m., 12h00 p.m., and
04h00 p.m.

Maps of air velocity

08.00h 12.00h 16.00h

Site
(1)

Site

(2)

In recent research, high ventilation rates have been stated to contribute to droplet scattering, while poorly ventilated
areas contribute to droplet accumulation over time. Therefore, spaces with sufficient ventilation have lower risks of
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infection (Qian in 2010). This means that areas with sufficient airspeed capacity would dilute infectious droplets and
reduce the risk of transmission [43] Dilute the infectious droplets allows the dispersion of the droplets and prevents
their accumulation, therefore, it decreases the infection and improves mental health.[5, 12, 14, 25, 31-33]. In our two
cases, no exterior surface is subjected to an airspeed greater than 5 m/s, while the site (2) has an estimated surface
of 20616m2 subjected to an airspeed of between 2.5m/s and 5m/s. Compared to this airspeed interval, the external
surface of the site (1) subject to it is only about 751m?. The rest of the exterior surfaces at the two sites are subject to
airspeed of less than 2.5m/s. Table 13

Table 13. Evaluation of surfaces subject to different wind speeds for the two urban configurations.

Site Unbuilt area (m?) Air velocity m/s (m?)
*<2.5m/s 23313.08
*2.5-5m/s 750.92
Site (1) 24064 .00
*>5m/s 000.00
*<2.5m/s 34017.41
Site (2 54633.92 *2.5-5m/s 20616.51
ite (2) *>5m/s 000.00

The results obtained in this article are summarized in tables 10, 11, 12 and 13 illustrating the areas (m?) of adequate
solar radiation (KWh/m2) and the values of adequate natural ventilation (m/s)

Table 14 presents the zones exhibiting healthy micro-climatic conditions through an evaluation of the optimal values of
natural ventilation and solar radiation calculated for the two urban configurations. The areas were calculated following
the framework for the quantitative assessment of morpho-climatic parameters during the pandemic, illustrated in
Tablel.

Table 14. The zones exhibiting healthy microclimatic conditions for the two urban configurations.

site Unbuilt area (m ?) healthy surface (m?) percentage %
Site (1) 24064.00 750.92 03.12%
Site (2) 54633.92 20616.51 37.73%

Site (1) records very small areas with healthy micro-climatic performance. It displayed an adequate area equal to
750.92 m?, which represents 03.12% of its total area. It is reported that the site (2) registers a consequent surface with
acceptable micro-climatic behavior, reaching 20616.51 m2, which represents approximately 37.73%, of its total free
surface. In both cases, the results are based on their optimal micro-climatic performance in terms of solar radiation and
air movement. As shown in Table 15

Table 15. Graphic representation of spaces achieving healthy microclimatic conditions in the two urban configurations.

Spaces reaching healthy microclimatic conditions

Site (1) m (a) The appropriate solar radiation (b) The appropriate wind speed

Site (2)

= (a) solar radiation which suits (b)  wind speed which suits
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After studying two of the main open spaces of the urban fabric of Batna city, using measurements and numerical
simulations, the search results recommended that the site (2) should be used for public use during pandemics. It gets
a score of 8/9 compared to the site (1) which gets 1/9. According to the novelty of the subject, this evaluation remains
theoretical as long as it is validated by modeling, simulations and on-site measurements. The previous results are
summarized in table 16.

Table 16. The morpho-climatic balance of the two urban configurations.

Settings Site No. (1) Site No. (2) Optimum
Urban density CES 67% 17% Site (2)
Healthy space dimensions (H/L ratio) 1.51 0.27 Site (2)
Sky View Factor (SVF) 0.40 0.80 Site (2)
] ] 1504 people, 3414 people,
Maximum number of users (2.00 m distance) ] ] )
equivalent to 58% Equivale to 137% Site (2)
The effective solar exposure surface (m 2). 17.60% 59.27% Site (2)
The effective natural ventilation area (m ?). 03.12% 37.73% Site (2)
the average percentage of relative humidity 28.91% 29.46% Site (2)
Average air temperature ( °C) 30.91 30.55 Site (1)
Air quality index (AQI) 57% 57% -
Percentage surface area of spaces reaching 03.12% 37.73% Site (2)
healthy microclimatic conditions 03.12% 37.73% Site (2)
Total score 8/9 Site (2)

CONCLUSION

The importance of this study came from the importance of reviewing urban actions in the light of the Covid-19 pandemic
and the new social life, and responding to the imperative demand requiring the involvement of planners and urban
planners in pandemic disaster management strategies.

From this experiment, we retain that the urban density has a considerable effect on the morphological indicators,
in particular the two essential parameters; namely the SVF and the H/L ratio. They impact the maximum number of
users with consideration of the previously defined distance, at 2.00 m in our case, and ratify a new typology of design,
according to public safety measures to produce compliant urban spaces. The outdoor urban spaces were characterized,
during the simulations, by the sky view factor and the H/L ratio, which affect the microclimatic variations, where we
noticed strong correlations between the two morphological parameters; direct solar radiation and airspeed, and the
spread of the pandemic. The results obtained show that an urban area with low SVF promotes pandemic proliferations
of COVID-19 during the day, unlike an area with high SVFE. This is because; the lower the density of the building, the
morphological and geometric indicators are transformed so that the SVF factor tends towards the value 1 and the H/L
ratio tends towards 0, which allows these spaces to have good climatic performances, becoming healthier. Conversely,
they allow contagion and facilitate the spread of the virus, paradoxically by ensuring thermal comfort. Social distancing
has had a great positive impact on reducing the risk of infection, but we can conclude that the search for a new vision of
designing quality public spaces, healthy and satisfying the new needs of the inhabitants, is the solution to major health
crisis. The assessment prioritized and categorized spaces with adequate micro-climatic behavior to be engaged in
public life during periods of confinement. It turned out that the loose fabric like site no (2) is the ideal model, providing
the optimal urban and environmental performance during pandemics, without any intervention to fight infection. It
therefore appears that a new concept (strategy) of urban spatial design should be introduced as freely as possible and
independently of other pandemic mitigation interventions.
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