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ABSTRACT

Motives: This paper investigates the urban adaptation elements (vegetation cover, water bodies, and
different shading patterns) effect on the outdoor thermal comfort for pedestrians in the educational
complexes.

Aims: The aim of the research is to determine the impact of urban elements on outdoor thermal
comfort in an educational campus with a hot-dry climate, the city of Babylon as an example,
The research methodology depends on the ENVI-met program to simulate the case study.

Results: The results showed that urban adaptation elements which are the soft components of the
environment include (vegetation cover, water bodies, and different shading patterns) can reduce the
temperature by about 3 degrees Celsius in addition to reducing the mean radiant temperature by
8 degrees Celsius and reducing the sky view factor (SVF) by 20%.

Keywords: global warming, outdoor thermal comfort indices, ENVI-met, urban heat island, soft

components, thermal adaptation
INTRODUCTION

Urban adaption is one of the strategies that can
improve the outdoor environment in cities (Nasir
etal., 2018; Archer et al., 2014; Manteghi, 2021). It is
the process of dealing with actual and expected climate
and climate risks with the aim of reducing negative
effects such as reducing greenhouse gas emissions or
reducing weather-related deaths (due to heat waves)
and economic losses from extreme weather events, that
adaptation to climate change include (urban energy
transition, urban mobility, and the circular economy of
cities, sustainable land use, and nature-based solutions
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in cities). It is an iterative process, and the adaptation
process may be a local process due to the geographical,
social, demographic, or economic characteristics of
a particular place. Urban adaptation highlights the
main issues that must be considered when planning
and implementing adaptation. There are five essential
steps to applying adaptation, designing an effective
adaptation action plan, finding examples of adaptation
action plans, mainstreaming, adaptation in urban
policies and plans, addressing climate change through
adaptation and mitigation, and implementing
adaptation: Self-check (European Commission, 2022;
Notre Dame Global Adaptation Initiative, 2022).
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These main steps are divided into sub-steps, and for
each sub-step, a summary of the specific problem is
provided, followed by more detailed instructions.
Adaptation includes a variety of methods, including
the development of green spaces, climate-resistant
infrastructure, and the establishment of vertical
gardens, for example (by incorporating trees and
plant life in urban architecture, where trees absorb
carbon dioxide and convert it into oxygen and cool
the environment, thus saving Protection in the hot
months of the year.

The most common and environmentally friendly
strategies that are used to improve heat sensitivity
in hot, dry climates are tree planting and vegetation,
which play an important role in the amount of solar
radiation absorbed by roofs. Urban trees can modulate
air temperature, increase humidity, reduce wind speed,
reduce air pollutants, and have effects on the city’s
bioclimatic conditions, mean radiant temperature,
and the human thermal index. Air temperature
can also be affected by green coverage and leaf area
index (LAI), which are important tree characteristics.
Specific features of trees such as structure, tree top
density, size, shape, and colour affect the performance
of solar radiation, temperature, and air humidity.
The amount of shade that trees provide depends on
factors including the tree’s canopy cover, the types
of plants, and the arrangement of plants in the space.
Tree shade is a rather adaptation strategy, especially for
pedestrians in hot daytime. The use of roofs, arches,
and columns (corridors), it is considered one of the
elements of protection in a hot and dry climate, which
provides shading by reducing solar radiation and
thus enhances thermal comfort for humans. Where
shade is a prerequisite for cooling outdoor spaces.
The importance of shading is:

1. Protection from solar radiation, which has more
physiological effects on reducing heat stress than
on lowering the air temperature in outdoor spaces.

2. Shading does not include any expenditure of energy
or water for irrigation to reduce the air temperature.

The design of the water elements positively affects
the local climate by lowering the outside temperature
through evaporative cooling, in addition to the fact
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that the fountains reduce the humidity in the air. And
that these systems can reduce resource consumption
and reduce long-term operating costs and offset the
use of air conditioners.

LITERATURE REVIEW

Ridha et al. (2018) discussed possible mitigation
strategies to ensure the improvement of thermal
comfort at the pedestrian level in a designed area (high-
rise buildings, large distances between buildings, lack
of vegetation cover), by using the descriptive analytical
approach and presenting four different scenarios to
evaluate the role of vegetation elements and different
shading patterns using the ENVI-met program.
The study concluded that it is possible to reduce the
physiological comfort index (PET) and reduce the
temperature and the expected comfort coefficient
PMYV through vegetation cover and shadows (Ridha
etal., 2018). The study of Othman et al. (2019) focused
on conducting a field study on the campus of UPM
University (University Putra Malaysia) by using
a descriptive-analytical approach and assessing the
thermal comfort of shaded outdoor environments in
the hot and humid context of Malaysia and calculating
the degree of temperature PET equivalent heat as
a thermal indicator for outdoor environments using
the Rayman program. The study found that the use
of vegetation surfaces and site conditions that provide
shades and suitable roofs have a significant impact
on outdoor thermal comfort (Othman et al., 2019).
While the study of Hwang et al. (2009) dealt with field
experiments on the campus of the National University
of Formos (NFU) using the method of comparative
analysis, by selecting several sites with different levels
of shading in different months to clarify changes in
thermal conditions in seasons and comparing the
measurement results for six selected sites within the
university campus with the simulation results using
Rayman program. The study concluded that areas
with little or excessive shading have short thermal
rest periods, and sufficient shading must be provided
in trees and buildings to improve thermal comfort
in summer (Hwang et al., 2009).
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As for the study of Shashua-Bar et al. (2011) the
comparative analytical method was used to show the
effects of different landscape formations on heat and
stress assessment using the data measured in two
semi-enclosed (courtyard) spaces using Computing
and virtual energy exchange between the urban
environment and pedestrians in space. The study
was conducted at the Ben-Gurion University Boker
Campus in Negev Heights (30°50°N, 34°40’E) during
the month of July to August. The study found that the
urban treatment (trees and grass) achieves the highest
levels of cooling and efficiency is achieved using the
water element. It also showed that the vegetation
cover contributes to thermal comfort not only by
direct shading of the person, but by reducing long-
wave emissions from the surfaces of the yard and by
reducing from the amount of solar radiation reflected
from them (Shashua-Bar et al., 2011).

MATERIALS AND METHODS

The study area

Babylon governorate is located in the central part
of Iraq on the Euphrates River, where it is located at
latitude 44° east and longitude 34° north. The city’s
climate is known to be hot and dry in summer and cold
in winter. The maximum temperature recorded was
50°C in the summer. The study area is the University
of Babylon, located in the city of Hilla (90 km south
of Baghdad), about 14 km from the centre of the city
of Hilla. The University of Babylon can be reached
from 3 main roads: Baghdad-Babil Road, Babylon-
Najaf Road, and Karbala-Babil Road. The main
university complex includes 9 colleges with low-rise
buildings with relatively close distances between the
buildings. The number of employees at the university
is about 2,869, while the number of students is 25,462
(University of Babylon, 2022). Figure 1 shows the
geographical location of the university in relation to
the city and the chosen study area.

=

ENVI-met program simulation

It is a three-dimensional digital program and
model to simulate the interactions between surface,
soil, and air in the urban environment. It is used
to simulate the effect of urban vegetation cover on
the urban microclimate (Zhang et al., 2017), and
it also allows analysing the effects of small changes
in urban design (trees, greening of internal courtyards,
new buildings) on the local climate under medium-
sized conditions. Several studies have proven the
reliability of using ENVI-met to simulate the thermal
performance of outdoor spaces, as these studies
indicated that the data measured at local weather
stations seem to be consistent with the data shown
in the simulation (Sayad et al., 2021; Parapari, 2018;
Aysegiil et al., 2020; Chen & Ng, 2013).

Data entry for the model

The weather data used to start the simulation
model was provided by the Meteorology and
Seismology Authority (World Weather Online, 2022).
The characteristics of the local climate represent the
air temperature and relative humidity for June 21,
2021, the longest day of the year in terms of daylight
hours and the hottest of the regional weather
conditions. The basic meteorological settings for
the initial conditions of the climate were 5 m/s for
wind speed and 315° for wind direction. The simple
effect of air temperature and relative humidity was
used over a period of one day, where the maximum
temperature was 46°C at 12:00, the lowest relative
humidity was at 6 pm by 25%, and the maximum
relative humidity at 6 am was (35%) (Time and Date,
2022). The total simulation time in the program is
(24 hours). The total area specified for the study is
(77 m* 86.5 m), the model area was made with the
size of the grid (x=50, y=50, z=40), and the size of the
grid is represented in the work of the program grid
cells, which is: dx=1, dy=1, dz=2, the direction of the
site relative to the main north direction is 15°.
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Fig. 1. The geographical location of the university in relation to the city and the chosen study area
Source: own preparation.
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Forming the model

The simulation work within the program focused
on analysing the thermal comfort of humans at the
pedestrian level in two models (the reality of the
situation, the development proposal) and using
different strategies for greening such as grass and
different types of trees (palms and citruses) because
they are local and evergreen trees (Ridha, 2017).
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A specific pattern of shading was also created and
designed by assuming the presence of wooden
roofs around the buildings and walkways. The goal
of this model is to provide continuous shading for
pedestrians by means of a network of canopies on
both sides (Aram et al., 2020; Huang et al., 2015).
The set of figures shows the simulation model (before
and after) about buildings and pedestrian times as
shown in Fig. 2-8.

Fig. 2. Simulations plan for study case before and after modification

Source: own preparation.
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Fig. 3. Air temperature simulation before and after modification

Source: own preparation.
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Fig. 4. Mean radiant temperature. Simulation before and after modification
Source: own preparation.
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Source: own preparation.
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Source: own preparation.

A

X (m)

gst.sarah.mohammed.jameel@ced.nahrainuniv.edu.iq, gdr.susan.a.hassan@nahrainuniv.edu.iq

534



Mohammed Jameel, S., Abed Hassan, S. (2022) Urban adaptation impact on outdoor thermal comfort in educational complexes.

Acta Sci. Pol. Administratio Locorum 21(4), 529-538.

Figure 1: New Simulation
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Fig. 7. Sky view factor simulation before and after modification
Source: own preparation.
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Simulation model of the development
proposal

In order to assess the impact of the air condi-
tioning elements on the study area, we have made
a development scenario that includes levels of devel-
opment: at the level of the individual building, and
at the urban level. And then we compared the reality
of the situation with the development scenario
through simulation (noting that the development
steps were suggested based on the actions mentioned
in the previous studies), where they were reviewed and
collected in one scenario. Following are the actions
taken in the study area:

At the level of buildings:

1. Changing the materials for finishing the facades of
buildings after they were covered with aluminium

DY
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panels, as it was proposed to remove these panels
and finish the facade with a material (stone).

2. A proposal to add green walls to the interior
walls of the university presidency building and
the Deanship of the Faculty of Engineering,
especially in the walls overlooking the open space
(the courtyard).

At the level of the site as a whole, and in open
public spaces:

1. Adding wooden roofs, so that the site is completely
free of them and exposes pedestrians to direct
sunlight, to improve green spaces and create
a comfortable atmosphere for pedestrians who
walk under them.

2. Painting the streets within the study area with
light-coloured paint to reduce the amount of heat
absorbed and increase the reflectivity.
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3. Adding all kinds of trees (palm trees and citrus
fruits) because these types are evergreen, as well
as because the study area is free of trees after they
were gradually and completely cut down so that
the area became free of any vegetable element for
shading.

4. Adding water bodies (fountains) to moisten the
atmosphere and reduce the temperature on both
sides of the corridors leading to the entrance to the
University Presidency Building and the Deanship
of the College of Engineering.

RESULTS

A set of results was reached regarding the
external thermal comfort indicators and how the
complementary elements affect them, and the
following is a summary of the results as follows:

Air temperature: The temperature decreased on
average by 3°C when read by the receptors. It was
projected to five different locations and fixed in the
graph. This decrease in temperature occurred in the
areas where roofs and trees were added in addition to
water bodies (especially since the roofs were designed
in such a way that they permeate the spaces in which
plants were added) and this difference in temperature
is explained as in the Table 1.

Table 1. The existing and modified simulation results for air
temperature. Source: own preparation

Existing simulation results ~ Modified simulation results

(air temp.) (air temp.)
R1=42.71°C R1 =40.27°C
R2=42.69°C R2 =40.81°C
R3 =42.88°C R3 =40.63°C
R4 =42.92°C R4 =40.08°C
R5=42.45°C R5 =40.69°C

Mean radiant temperature: its value decreased
by 8°C, the existing: min. 57.38°C, max. 71.02°C, the
modified: min. 49.38°C, max. 67.33°C.

Average expected temperature (PMV): The
percentage of areas that obtained a value (less than
50%) reached 40% of the site area as a whole. As for
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the development proposal, the percentage of areas that
obtained a value (less than 50%) amounted to 70%,
i.e. a change of not less than 30% as a result of the
changes that occurred in the study area.

Relative humidity: The relative humidity increased
by 2%, as a result of adding plants, green walls and
shading areas, the existing: min. 43.69%, max. 49.60%.
The modified: min. 43.45%, max. 50.00%.

Sky view factor: the value of this factor decreased
as a result of adding trees (palms and citrus trees).
The existing: min. 0.36, max. 0.98. The modified:
min. 0.06, max. 0.96.

Wind speed: its value decreased by a very small
amount. The existing: min. 0.03 m/s, max. 6.07 m/s.
The modified: min. 0.03 m/s, max. 6.06 m/s.

CONCLUSIONS

Urban vegetation are considered the most effective
element in improving thermal comfort levels, through
the effect of shading, which is controlled by the
physical properties of trees and their location in space.
Trees also help to cool the surrounding environment
through evaporation, which depends on the leaves,
texture and mass of trees.

The assessment of thermal comfort is subjective
and dynamic, dynamic in the sense that adaptation to
the surrounding thermal state is naturally progressive,
and subjective in view of the fact that thermal
sensation is determined primarily through personal
experience and subjective evaluation. Therefore, the
static and objective aspects of knowledge provision
must be measured in terms of the local climate.

The thermal properties of surface materials
effectively affect the urban climate, by controlling
the amount of solar radiation absorption.

Adaptation provides an opportunity for trans-
formative change in social entities and institutions
at the national and local level by encouraging par-
ticipatory planning or by promoting research into
internal planning processes.

The community can provide an insight into the
city’s development plans and activities that deal
with adaptation, and here comes the role of local
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organizations and government bodies to ensure that
opinions are converged and taken into account when
planning.

The final results of external thermal comfort
indicators can lead to recommendations on urban
planning for the municipality and city planners,
especially since the university is considered a basic
nucleus in the city through its active role in providing
research on the environment and climate, and
involving scientific disciplines in making effective
proposals that can be tested on campus of the
university.
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