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ABSTRACT

In the arid urban environment, pedestrians are often exposed to high amounts of solar radiation during summer, which can limit their activities. Shades are
essential for reducing the harmful effects of solar radiation, particularly ultraviolet (UV) rays, which can be dangerous to human health. This study thoroughly
evaluated the effect of various tree features for their efficacy in blocking solar radiation, especially photosynthetically active radiation (PAR) and ultraviolet A
(UVA). Tree height, trunk height, canopy height and diameter, leaf area index (LAl), leaf size and type, planting techniques (individual and cluster), and agriculture
services for eight common tree species used in the Landscape at King Abdulaziz University campus in Jeddah, KSA, were examined. Measurements were taken at
noon when the solar zenith angle was perpendicular. The study found that the ability to block PAR and UVA varies based on several factors analyzed. Canopy
height and diameter increased a tree's capability to block radiation, with pyramid-shaped trees and simple leaves being the most effective. Higher LA, cluster
planting, and removal of lower branches also increased a tree's radiation-blocking power. In conclusion, shade trees mitigate PAR and UVA and provide
pedestrians with more opportunities to enjoy open landscapes in arid regions.
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1. Introduction

Trees serve different purposes, such as aesthetic, functional, and
environmental, in urban environments. The urban environment is
influenced by using trees that improve the quality of life and create an
eco-friendly and sustainable urban environment, especially in arid
regions; it provides better environmental services and appropriate
conditions for users in harmony with seasonal changes (Morakinyo er
al, 2016). Trees can help to modify the air temperature, cooling the air,
increase air humidity, reduce wind speed, produce oxygen, save energy,
reduce stormwater, mitigate air pollution, abate noise, and modify air
pollutants (De-Abreu-Harbich er al, 2015; Parker and Simpson, 2020).
Moreover, it is worth noting that trees provide better shade than
pergolas by helping to reduce all types of solar radiation (SR).

1.1. Types of Solar Radiation and their Environmental
Effects:

There are three main types of SR: ultraviolet, visible light, and
infrared. Ultraviolet radiation (UVR) consists of three types: UVA
bandwidth (315—400 nanometres [nm]), UVB bandwidth (280—315
nm), and UVC bandwidth (100—280 nm). UVR consists of 5% of the
total SR of the Earth (Modenese er a/, 2018). The photosynthetically
active radiation (PAR), which corresponds to the range of visible light
to the human eye, extends from a bandwidth of about 400 to 700 nm;
it has about 50% of the SR on the Earth’s surface. Itis a surrogate for
visible light measurements (Grant and Heisler, 2001; Heisler er al,
2003). Infrared radiation (IR) is 700—3000 nm, sometimes called
infrared light. It further subdivides into IR-A bandwidth (780—1400
nm), IR-B bandwidth (1400—3000 nm), and IR-C bandwidth (1 mm—
3000 nm), which comprises 45% of SR (Modenese eral, 2018).

The amount of SR reaching the Earth’s surface is determined by many
factors such as astronomical physical, geographical, and cloud
properties (Boukelia er al, 2014). In general, owing to the
atmosphere’s filtering effect, the SR to the Earth’s surface is composed
primarily of frequencies within the IR and the visible radiation and

UVR (Modenese er a/, 2018). In an urban landscape, SR (such as
UVR) is affected by the climatic region, population density, and
socioeconomic characteristics; it is blocked and controlled by
buildings, trees, and other pergola structures (Grant eral, 2002).

Solar radiation (or SR) has many benefits for those living on Earth. It
plays an essential role in human life. Visible light regulates the daily
lifecycle between night and day, is an essential source of energy for
much of life on this planet and is the vital source of energy to carry
out photosynthesis in plants, thereby providing food for all living
organisms and energy for all types of terrestrial and sea creatures
(Fuller et af, 2015). (IR) plays a significant role in the Earth'’s surface’s
heat distribution. Ultraviolet radiation is vital in killing pathogenic
bacteria and reducing the spread of diseases (Grant er a/, 2002).

1.2. Damage Caused by Radiation to Humans:

Itis essential to be aware of the potentially harmful effects of different
types of radiation. While visible light may seem harmless in some
circumstances, it can cause burning of the skin and damage to the
eyes (Environment, Health and Safety, 2018). However, UVR is likely
to cause the most severe health effects on humans. UVR causes
damage to materials, alters the herbivores nature of insects and the
activities of microbes, modifies vegetation growth, and has adverse
effects on human health (Heisler era/, 2003; Modenese er a/, 2018).
UVR and SR have been classified as human carcinogens (Modenese
et al, 2016). The IR affects the urban environment and causes
changes in climatic conditions. People living in urban areas may
experience intense heat stress and hot thermal sensation (Yeo er al,
2021). The best way to mitigate these effects is to increase vegetation
cover in these areas, which can mitigate urban heat islands and
control microclimate and other ecosystem services (Kong et al,
2017).

1.3. Ultraviolet Radiation:

Each type of UV has a different impact. UVA plays no part in
synthesizing vitamin D3 in humans, but it penetrates deep into the

Corresponding Author: Abdullah M. Farid Ghazal

00966506620717, aghazal@kau.edu.sa



skin. It ages the skin but contributes much less towards sunburn,
according to the World Health Organization (2016). UVB is
responsible for most sunburns, but it hits cholesterol in the skin cells,
providing the energy for vitamin D synthesis. Low blood serum
vitamin D3 is linked to several types of cancer and severe human
diseases (Trumbull and Parisi, 2010). The third type, UVC, could be
the most dangerous but is absorbed by ozone, water vapor, oxygen,
and carbon dioxide, as per Cancer Research UK (2021). Therefore,
seeking practical solutions for mitigating UVR to improve human
health in urban environments is imperative (Deng ez a/, 2020). Many
researchers have tried to determine the impact of UVR on human
health and habits (Grant er a/, 2002; Heisler er a/, 2004) in different
circumstances, such as the impact on pedestrians (Grant er a/, 2002),
workers in other conditions (Gies and Wright, 2003; Modenese eral,
2016,Modenese eral,2018) and even on childrenin nursery schools
(Gies and Mackay, 2004). Research has shown that UVA plays a
significant role in causing mutagenic and carcinogenic effects on
human skin (Trumbull and Parisi, 2010). Non-melanoma skin
cancers are thought to be correlated to cumulative lifetime, UVR
exposure (Grant er af, 2002). They can cause melanocyte
proliferation, cause abnormalities in DNA, and modify gene
expression (Trumbull and Parisi, 2010), such that both types can skin
cancer.

1.4. Benefits of Shade:

Most people try to protect themselves from SR by modifying the
environment with shade and using protective umbrellas, buildings,
vegetation, or personal UVR protective items, such as sun-protective
clothing, hats, sunscreens, and sunglasses (Gies and Mackay, 2004).
For that, the potential effects of UVR are modified by the shade of
trees, which influences UVR exposure to various degrees (Heisler er
al,2003) and significantly minimizes the area of the sky in view. The
study by Trumbull and Parisi (2010) found that UVA exposure was
reduced by as much as 65% when using a shade umbrella. However,
the specific longwave property of UVA enables it to penetrate most
automobile, office, and household windows, whereas UVB is blocked
by window glass (Trumbull and Parisi, 2010).

It is interesting to learn that ancient cities in dry regions like Jeddah,
Damascus, Aleppo, and Cairo had narrow roads, closed buildings, and
shelters as the primary shade devices to reduce exposure to SR.
However, in modern cities, the areas between buildings, streets, and
squares have become oversized, requiring sufficient alternative
shade from SR. Shade sites can be achieved by placing shade
structures close to buildings or fences, using trees and plants for
screening, or partially walling the shade structures (Gies and Mackay,
2004; Grant and Heisler, 2006). Therefore, green infrastructure is a
successful alternative to significantly contribute to urban centers
(Parker and Simpson, 2020; Zhao eral, 2018). Large trees and multi-
layered planting assist in longwave radiation mitigation, more than
single-layer planting, by blocking building radiation (Kwon and Lee,
2019).

1.5. Influence of Trees:

Trees are indeed crucial when it comes to blocking different types of
solar radiation. They provide a natural barrier that helps filter out
harmful rays from the sun, which can damage both humans and the
environment. However, the tree species' ability changes according to
their canopy properties (Sanusi er al, 2017).

1.5.1. Trees Canopy Features

The influence on SR control, such as thermal and UVR, changes
according to the canopy dimensions of height, diameter, and trunk
height on the one hand and the leaves’ sizes, shapes, and surface
structures on the other hand (Grant er a/, 2003). These effects have

been studied in many types of research (Shahidan eral/, 2010; Sanusi
eral, 2017; Armson er al, 2013; Grant and Heisler, 2006; Zheng er
al, 2018; Kong er a/, 2017; TUN and MG 2020; Deng er a/, 2020).
Furthermore, the benefits of the microclimate of tree canopies may
differ in terms of air temperature, relative humidity, SR, mean radiant
temperature, and wind speed (Sanusi et al, 2017).

1.5.2. The Leaf Area Index

The Leaf Area Index (LAI) is a well-established measurement
parameter in forestry, agriculture, and ecology, LAl is defined as the
total projected area of leaves of a single tree or group of trees over a
unit of land (TUN and MG, 2020). It is an essential aspect of tree
canopies affecting SR penetration and microclimate below canopies
(Sanusi eral, 2017; Fahmy eral, 2010). It has been applied in several
articles to measure outdoor trees' influence LAI (Deng er al, 2020;
Shahidan era/, 2010). On the other hand, LAl was the main driver of
tree cooling for outdoor temperature regulation, followed by trunk
height, tree height, and crown diameter (Zheng etal, 2018). Hence,
it should be a priority to improve the comfort of outdoor
environments (Armson et a/, 2013; Shahidan ez a/, 2010).

1.5.3. Planting Design Rules

Planting design is based on multiple rules, such as aesthetic,
functional, and environmental criteria. The correct choice of tree
species and their location is one of the essential prerequisites for
achieving sustainability in planting design in landscape architecture.
Therefore, it is necessary to adjust the selection of trees to earn the
highest degree of solar radiation control. These can be achieved by
comprehending the tree’s canopy and leaves properties and
suitability for design to control SR in the urban environment (Sanusi
er al, 2017; Deng er al, 2020) and the influence of differences
between planting trees individually and in groups (Heisler er al,
2003).

The study focuses on analyzing the effectiveness of different tree
species in blocking PAR and UVA in an arid region. The aim is to
enhance the pedestrian conditions in an open landscape. This
research explores the impact of the trees' canopy and shapes of leaves
and LAl on the overall performance. Our study highlights the
importance of carefully selecting tree species and designing their
layout to create a more pleasant and safe pedestrian environment in
arid regions.

2. Materials and Methods

2.1. Study Area:

This study was conducted at King Abdulaziz University, KAU, campus
(21.29°N, 39.14° E), Jeddah, west of Saudi Arabia. Jeddah is located in
the Red Sea coastal area. The rainfall is less than 54 mm/year, and the
mean temperature in summer is 31.9 °C and goes up t0 38.8 °C as a
maximum. The study area has a period of high solar brightness most of
the year, and the clear sky hours range between 76-83% (Table 1).

Table 1: Climate data for Jeddah Temperature, precipitation, and wind speed.

Precipitation Wind velocity Clear sky
(mm/year) (1) | (km/h) (1) | hours (2)
Yearly | Spring | Summer [ Autumn | winter Mean max May |Jun

T=Max°C | 38.8 341 382 354 30.6 54 118.5 83% |76%)
T=Mean °C| 28.2 277 319 293 25.0

T=Min°C | 181 219 26.0 241 201
Source: 1: The General Authority of Meteorology and Environmental Protection in KSA. Period: 35
years.

2: weather spark, 2023

Temperature °C (1)

The KAU campus area extends over 6 km? It collects more than 100
native and introduced landscape architecture species including more
than 30 tree species that provide shade for pedestrians on the sidewalks
and squares. Eight tree species with the best mature samples were
chosen in this study to complete the measurements for their features,
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planting, and agricultural conditions (Table 2) (Figure 1).

Table 2: Plant name, family, number of samples, tree properties (canopy and leaves), and planting of
the eight tree species selected.

leaf type and Planting
. Plant | No.of size leaf or clusters
planEn s Family || codes | samples | C2noPY TyPe leaflet shape | ~ and
individual
) B N N clusters’
Ficus virensAiton Moraceae | fait | 12 rounded | SMP'® | aie elliptic| and
=Ficus altissimaBlume medium L
individual
Ficus microcarpavar. e
nitidaF.C.Ho =Ficus ) ) RAUEN PR
iy Moraceae | falt | 12 irregular | simplesmall| ovateor | individual
itidaThu
= Ficus benjaminal. obovate
Peltophorum biommate Clusters
pterocarpum (DC.) Fabaceae | pelt | 15 rounded P! oblong and
very small o
Backer individual
Plameria obtusaL. Apocynaceae | plu G rregular | simple large | obovate | individual
Millingconia Bignoniaceae | mill | 5 Vase bipinnate |y 1 oids | individual
hortensisL{. small
clusters
Conocatpus Combretaceae | conoc | 7 clongated | simple small | °P1on8" and
lancifoliusEng]. lanceolate |, 2"
individual
Polyalthia amle <Miptic
longifolia(Sonn.) poly 5 pyramidal Hmp (oval) | individual
) medium
Thwaites obovate
Tabebuia roseoalba P
(Ridl.) Sandwith Bignoniaceae | tab 8 elongated | ' o mateY oval individual
=Tabebuia roseaDC. medium

Figure 1: The tree form types, planting groups, and leaves measurements of the eight tree species
studied.
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2.2. Types of Measurements:

Jeddah is near the Tropic of Cancer at 21.29° N and 39. 14° E and this
situation constituted a vital opportunity to carry out this research,
allowing us to focus on determining the differences between the tree
canopies blocking PAR and UVA without impacting the sun's position
on the tree canopies. The solar zenith angle SZA Ois almost
perpendicular (@ = 88°-90°) at noontime (12:00—13:00) in the
period from 01-June to 15- July 2022 (Fig 2).

The data collected for the eight studied species of trees included
measurements for tree height H.,, tree canopy diameter D,
canopy height H,,,,,, and trunk height A, (Figure 2). Information
about the trees' morphological features (canopy shape, leaf type, and
leaf shape) and planting design (individual and in group cluster) were
also documented (Table 2). Control Records below the concrete
pergola were also recorded. LAl measurements were taken in the
afternoon (4-6 PM) when there was no direct sunlight (when the sun
was near the horizon). The measurements of LA were performed by
Shahidan era/ (2010) and from the device catalog (LI-COP-2000).

The sensors' position below the trees’ canopy was oriented
horizontally in completely shaded locations near the main tree’s
trunk at 120cm +10cm from the ground (Figure 2). The time taken to
collect the measurements record was approximately one minute.

The UVA (W/m? and PAR (lux) measurements were taken at
noontime under total sun irradiance (£S,,) and below the trees’
canopy irradiance (BT, on cloudless and sunny days.

Weather conditions in the study area (temperature, relative humidity,
and wind speed) were monitored during the measurement days. The
temperature ranged between 41.2°C and 45.3°C. Relative humidity
ranged between 24 and 47%, while the airspeed was between 1.3
and 5.1 m/s northern, without clouds.

Figure 2: The diagram (A) shows the sun’s path and solar zenith angle (0 = 88°-90°) at noontime
(12:00—13:00) and the exact period in the year that was applied for all measurements, and (C) shows
solar zenith and azimuth in Jeddah, date and hours for data collection (weather spark, 2023). (B)
Diagram for tree properties measurements places (tree height H,..,, tree canopy diameter D,,,,,,,,
canopy height H,,,,,, and trunk height H,,,,,) and the sensor place for UVA, PAR, and LAl below the
trees’ canopies.
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2.3. Equipment and Instruments:
Four instruments were used in the field measurements:

®  The visible light (photosynthetically active radiation — PAR) was
measured using Li-COR 190SA sensors (LI-COR, Inc,, Lincoln, NB),
with 400—702 nm response bandwidth.

®  Ultraviolet irradiance (UVA) was measured using (a PMA 2110 UVA
detector) with a spectral response of 320—400nm (as reported by the
manufacturer. The UVA sensor system had a temperature coefficient
of <0.1%/C°.

®  Leave Area Index (LAI) was measured using LI-COR LAI-2000 Plant
Canopy Analysers.

®  Adigital scale digital clinometer was used to measure the dimensions

of the canopies of the trees (Hyee: Deanopy Heanopyr AN Hypanch)-

2.4. Data Processing and Analysis:

The PAR and UVA measurements for various tree canopy species
were implemented to obtain the statistical analysis. The relative
irradiance (R;,,,) for PAR and UVA (Rp4eand R,) were calculated to
estimate the blocking radiation under tree canopy (Grant eral, 2002;
Shahidan eral, 2010) with the help of the flowing equation:

R/'rrad = (F Sirrad/ B Errad) X 100'

where £5S,,,,is the total solar irradiance and B7,,,,is the minimum
measured irradiance below the tree’s canopy at the height of 120 cm
near the main tree’s trunk at 120 cm (Figure 2).

The means and the standard error of the measurements were also
calculated. A comparison model for all SR measurements of PAR and
UVA below tree canopies and the characteristics of the tree’s canopies

(LA', ’L/[ree/ Dmnop)/l Hmnap)ﬂ and Hbrgnch) was deveIOPEd

2.5. Statistical Analyses:

Data for Rps and Ry measurement and tree morphological
variables (Hyeo Deanopyr Heanopy aNd Hyranc) and LAl were analyzed
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using a one-way analysis of variance, ANOVA, to evaluate whether
there were significant differences. Post-hoc tests of Least Significant
Difference (LSD) were performed to determine the significance of the
variation between and within species.

The principal component analysis (PCA) was applied to predict the
indirect linear response of Ry, and Ry, and trees’ morphological
variables. The ordination takes a multivariate dataset of potentially
correlated variables and transforms them into fewer uncorrelated
variables (principal components). PCA ordination methods are
usually fitted by the classical (least squares) regression (Lep3 and
Smilauer, 2003). This approach is commonly applied in ecology
(Legendre and Legendre 1999). The decision to select the appropriate
ordination techniques is made based on gradient length in detrended
correspondence analysis (DCA), which estimates the heterogeneity in
data; when the gradient length is between 3 and 4, both ordination
PCA and correspondence analysis CA is used (Lep3 and Smilauer,
2003). The length in DCA ordination was 3.574, and for that, PCA was
used. Hence, the inter-species correlation method (divided by
standard deviation) is appropriate for data with significant species
turnover across samples (Lep$ and Smilauer, 2003). Significant
correlations between PCA axes and Rpi and Ry, were used to
evaluate the differences represented by the axes, and species were
used as a grouping variable (Deng et a/, 2020).

Statistical analyses for one-way variance (ANOVA) were completed
using SPSS software for Windows (PASW statistics V22) and PCA
using CANOCO software for Windows (Version 4.56).

3. Results

The study of sixty-seven tree samples from eight different species has
been completed. The findings show that the trees effectively block
PAR and UVA. Furthermore, the characteristics of the trees were
thoroughly examined and evaluated, including (LAl Hyeor Deangppr
Heanopy aNd Hyyanes) as shown in (Table 2). The results of this study are
promising and suggest that these trees in landscape could reduce the

pedestrian effect in urban areas positively.

3.1. Characteristics of Trees’ Species:

The mean values measurements of the tree species characteristics
were studied. The trees’ high H,.. for the tallest trees was in the
conoc (13.1£0.7m), followed by mill and poly (11.7+1.8m and
11.6m respectively), and the p/u trees were the shortest samples
(5.840.5m). As Dy, in the 1ab, trees were the smallest for the
diameter of the canopies (1.8+0.3m), but the giant trees were conoc
(6.5£1m). The height of the canopies, Hup, was around
(4.2£0.3m) in fnirand plu, while it was more than 11 m for cono,
milli;and poly. On the other hand, the tree’s branches height A4
of rab, poly, and plu were the shortest trees samples (1.7£0.1,
240.1, and 2.1+0.5m respectively), while conoc and mill were the
highest (2.9+0.8 and 3.1+1m), that occurred by pruning of the
lower branches in some individuals (Table 3).

Table 3: The mean values tstandard error for PAR, UVA, LAI, and tree dimensions (Hyee Deanopy

H_anopy and Hy,oe) of the eight species studied and pergolas.
SPees o | par WA | A | Doy | ot | Hee | Heanoy
cono 7 4.86+1.4 | 4.53+1.1 | 3.1+0.2 | 6.5£0.4 | 2.9+0.3 | 13.1+0.7 | 10.1+0.6
falt 12 2.88+0.5 3.73+0.7 | 3.5+0.3 | 5.7+0.3 | 2.7#0.1 | 10.1£0.3 | 7.4+0.3
fnit 12 2.4410.5 2.37+0.6 | 2.840.2 | 4.0+0.3 | 2.5£0.2 | 6.7+0.3 4.240.2
mill 5 8.10+0.7 | 14.64+2.2 | 1.4+0.3 | 3.2+0.4 | 3.1+0.5 | 11.7+0.8 | 9.0+0.8
pelt 15 | 12.01£1.7 | 15.60+1.5 | 1.7£0.2 | 2.7+0.2 | 2.3+0.1 | 8.5+0.4 6.4+0.4
plu 6 5.28+1.6 6.87+2.4 | 3.1+0.4 | 2.7+0.3 | 2.1£0.2 | 5.8+0.2 4.2+0.1
poly 5 1.2610.7 1.76£09 | 4.7+1.2 | 3.3x0.3 2.0:0 11.6£0.6 | 9.6£0.6
Tab 5 10.52+1 19.48+2 | 2.940.3 | 1.8+0.1 | 1.7+0.1 | 6.7+0.3 5.1+0.3
Total 67 6.11+0.7 8.35+0.9 | 2.840.2 | 3.9+0.2 | 2.4+0.1 | 9.0+0.3 6.7+0.3
Pergola 4.70+3.1 5.91:0.8

3.2. Leaf Area Index:

LAl mean measurements ranged between 0.33 and 6.26, while the
measures of pefrand mil/ had the lowest values (1.4+0.3 and 1.7£0.2
respectively), and the measures of poly were of the highest value
(4.7+1.2) (Table 3).

3.3. PAR and UVA:

The mean values of £5,,,,measurements in the study area indicated
that the highest record for UVA was 4.64 W/m?” and for PAR 67500
lux. The Rpse and Ry, for the trees’ species showed an apparent
variation in their proportions differing by the species. The mean
values of the Ryyefor tree species ranged from (12.01+ 1.7) for pelrto
(1.26+0.7) for poly. However, Ry, ranged from (19.48+2) to
(2.37+0.6) for taband poly, respectively. On the other hand, the total
mean value for Ry, in all species was (8.3520.9), and for Ry, was
(6.11£0.7); in general, the mean values of R, were higher than
those of Rpye On the other hand, the total mean value for the pergola
Rpar (4.70+3) and Ry, (15.91+0.8). The comparisons between the
records of the blocking R,y and Ry, for tree canopies and concrete
pergolas were close to cocno and p/u but were the pergola records
higher than falt; fnir; and poly, and were less than the mill, plet; and
tab (Table 3).

3.4. ANOVA:

By using a one-way analysis of variance or ANOVA for Rp4p, Ry and
LAl, the results showed a significant variation between species and
within species for all trees species (PAR, £ 47, 5o = 10.044, P < 0.001)
(UVA, Fy7 50 = 22,037, P < 0.001) (LAI £y s = 6.7807, P < 0.001).
The post-hoc multiple compression between species by LSD showed
a significant variation of the value of £, according to Rpsz R4 and
LAIL The LSD values of the Ry, pelt tab,and mill trees showed
significant differences with all other six species but were not
significant among each other. Also, the Ry, tab was significant with
conoc, fnit; and falt, and the values of p/zand poly. The values of the
Ruva pluwere not significant just with cono and fal;; the Ry, conoc
were significant with mil] pelr, and rab. On the other hand, for the
LSD values of the Ry, the rab showed significant differences with all
species except mill and pelt. The Ry poly was significant with mill]
pelr, and rab, and the Ry, pelt; was significant for conoc, fnit; plu, and
poly. Likewise, mill values were significant with fni, fal, and poly,
the Ry for the plu and cono; was significant with pelrand rab. The
LSD for LAI values of the polywere significant with all species.
However, LAl values of the pe/rshowed significant differences with
all species except mill. Also, mif/LAl values showed significant
differences with all species except pe/t. The conoc, fnit and faltLAI
values were significant with a mill, pelt, and poly.

3.5. PCA Analysis:

PCA analysis of the Ry Rpae LAL and tree morphology for 67
measurements of eight tree species was completed (Figure 3). The
first two PCA axes explained 91.6% of the variability. They were
significantly correlated, while the cumulative variance percentage of
species data for the first two axes were 83.9 and 91.5, respectively
(Table 4).

Table 4: PCA ordination diagram summary for the first two axes

Axes 1 2 3 4
Eigenvalues 0.839 0.077 0.055 0.015
Cumulative percentage variance of species data 839 915 97.0 98.5

The PCA ordination diagram shows a precise type of grouping for the
values of the samples and the exact direction of the variable's arrows.
The arrows of the Rpye and Ry, were forward to the positive side of
axis |, with approximately the same length and slight increase for
Ruva. They have effectively contributed to the sample's distribution in
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the PCA ordination, as the samples with high values concentrated in
the negative side of the first axis, such as (42, 44, 47, 48, 65), while
the samples with low values concentrated in the negative side (14,15,
60,61, 62) (Figure 3).

Figure 3: PCA ordination diagram for axes | and Il displays differentiation between species and
variables correlated with each axis

Q)
=
Il | [
i W Conocarpus lancifolius
» Ficus altissima
<« Ficus nitida
¥ Peltophorum pterocarpum
Plumeria obtusa
# Millingtonia hortensis
® Polyalthia longifolia
+ Tabebula rosea
D
u §?
OIS
o s L ngsc® L —
Ais Il s L =
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The multiple response curves for the Generalized Linear Model
(GLM) of variables for axes | and Il with all variables showed different
relationships. The response for the LA, Hy e Hpranchr Heanopy and
Dianopy With the axis | was high, while Ry, was lower, followed by
Ruva On the other hand, the response of all variables with axis Il was
high except the H,.. and H_,nq,, which is less (Figure 4).

Figure 4: The multiple response curves for the generalized linear model (GLM) of variables for axes |
and 2 for the PAC ordination diagram.
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The arrow of the LAl in the PAC ordination diagram was forwarded to
the negative side of axis I, which means the tree samples of low values
of LAl were concentrated on the positive side of axis | (such as 14, 15,
60,61, 62, 20, 21, 22, 23, 24, 26, which belong to poly, falt, and fnit)
while the high values were on the negative side of axis | (such as 42,
44, 47,48, which belong 1o tab). The  arrows
of Hyreer Heanopyr Deanopyr AN Hpyancy were forward to the positive side of
axis Il and the negative side of axis |, but the lengths and directions of
those arrows were dissimilar. The arrow of the D, is oriented
towards the negative side of axis | and the positive one from axis I,
which is set in the middle between the axes. It concentrated the low
values tree samples on the positive side of axis | (such as of 42,47, 49,
and 65 form tab and pelt), while the high values were on the negative
side of axis | (such as 3, 4, 5, 7, 61, 62, forming conocand poly). In
addition, the arrow of the H,,,,., was too short with direction on the
positive side of axis II.

Furthermore, the lengths of the arrows of H,., and #, were

Cﬂﬂﬂp)/
similarand close to the positive side of axis Il. Moreover, samples with
high values were concentrated on the positive side of axis Il (such as
3 and 7 belonging to the cono) and low values on the negative side

(49, 74, 65, and 48 belonging to the raband pels) (Figure 3).

The distribution of samples for each tree species showed a particular
arrangement in the PCA diagram (Figure 3). The pe/tsamples were
distributed along the positive side axis | of the ordination in the first
and fourth quarters. However, all mi//samples were accumulated in
the first quarter of the ordination. All conocand poly samples were
collected in the second quarter, and the falrsamples were
concentrated around the ordination center in the second and third
quarters. On the other hand, fnirand p/usamples accumulated in the
third quarter, while the rab samples were concentrated in the fourth.

The sufficient trees for blocking PARand UVAradiation
were falrand fnitsamples, and the rab, mill and pelrwere the lowest
samples; as far as radiation blocking was concerned with the main
effect of the LAl values, also the effect of D,,,,,, These effects were
shown in two different cases: the first is when samples were planted
as clusters, such as (Samples 14 and 15 of fa/t and 4, 5, and 6 of
conoc); they have the best values for Ry, and Ry compared to the
samples that were planted separately, such as (Samples 17,19 of falt
and 1, 3 conoc). The same case occurred for zab trees, planted quite
apart (Figure 3). The second (which appeared in dense canopy and
multilayer trees with pyramid canopy such as polyi.e., Samples 61
and 62) was reflected in an apparent increase for Rpp and Ry, than
plu, which has a low density.

As for the shapes of the leaves, they affected the trees’ ability to block
radiation, as trees with simple leaves were more efficient in blocking
than those with bipinnate leaves. The faft, fnit, conoc, poly, and plu
samples were collected in the second and third quarters, while the
pelt mill, and tabwere in the first and fourth quarters. From that, the
arrows’ positions and directions in the ordination indicate that the
trees’ canopy characteristics play a prominent role in influencing the
proportions of RPARand RUVA radiation (Figure 3).

The highest tree values for blocking PAR and UVA were biased
towards the second quarter in the diagram, as in the samples of 3 and
7 conoc (Hye, 15.4, 16 m and Hyaner 11.6, 12.4 m, respectively). In
contrast, the shortest values were collected in the fourth quarter,
including 49 and 53 (£ab=5.2 and p/u=5 m, respectively).

4. Discussion

The results confirm that the ability of trees to block the PAR and UVA
radiation is generally high and better than other types of pergolas. The
differences between tree species in achieving the best blocking for PAR
and UVA radiation are apparent and related to several variables and
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D, and LAl

characteristics of each tree such as H,,.., Hyapety Hea canopy

nopyr
The most influential variable in blocking PAR and UVA radiation is
LAl; the blocking of PAR and UVA would decrease with increased
LAL This case is found in the poly, fnit, and falrtrees with the highest
radiation blocking. Their multi-layered crown and dense leaves
distinguish these trees. That result was appropriate for researchers
who have studied the effect of LAl on other types of SR (such as
thermal radiation) (Armson er al, 2013; Zhang et a/, 2018; Rahman
etal,2018).

LAl is a seasonally variable dynamic feature that affects many
conditions such as environmental conditions, tree health, agricultural
maintenance, and planting design. It can, however, be changed and
improved over time by agricultural and environmental treatments
and individual tree species (Sanusi eral, 2017).

The canopy diameter is also essential in influencing the blocking of
PAR and UVA. It is increased with a high-value diameter, such as
conoc,than with a small diameter such as raband p/u. Many
researchers (De-Abreu-Harbich er a/, 2015; Armson, 2013; Zhang er
al, 2018; Kwon and Lee, 2019) have indicated that the efficiency of
blocking SR increases with the canopies' diameter.

The leaf's shape and size significantly affect PAR and UVA. Large and
simple leaves, such as those of conoc, poly, fnit,and faltcan block PAR
and UVA better than small and compound leaves (bipinnate) such as
those of pe/tand mill (Figure 3). The role of the leaf shape has been
indicated as influencing SR in both (De-Abreu-Harbich er a/, 2015;
Sanusi et al, 2017).

Again, the shapes of canopies influenced PAR and UVA as trees such
as poly (pyramid shapes) and fnit (rounded shape) were the most
efficientin blocking PAR and UVA. However, the oblong-shaped trees
such as taband conocwere the least efficient (Figure 3).

The results indicate that the blocking of PAR and UVA increased when
the tree cover density was increased by cluster (group or rows)
compared to individual trees without overlapping canopy. This case
was seen clearly in many situations (pelt conoc and fal)) when trees
were planted in clusters. Thus, clusters of trees can influence the
sunrays and modify the properties of the micro-climate better than
individual trees (De-Abreu-Harbich er a/, 2015). Therefore,
increasing tree density in urban areas can positively change local
climatic and health perspectives (Salmond et a/, 2016).

The comparison between the tall trees (H,,,) (such as conocand mil})
and small trees (such as raband p/u) and Canopy height trees (4,
(such as conoc, mifl, and fal) reasonable; when the height and
canopy of the tree increase the effect of blocking PAR and UVA also
increases. This result is consistent with what was stated by (Smithers
et al, 2018) about replacing large trees with small ornamental trees
to mitigate the heat islands in cities.

Removing the lower branches of trees, which increased the branches’
height (Hpaner), affected their ability to block the PAR and UVA and
increased the LAl values because of the increased quantity of
radiation from the sides. These cases were noticeable in many
species’ samples such as pe/rand conoc.

The ability of trees to block out PAR and UVA increases at different
levels when more than one characteristic of the essential variables of
the tree are combined, including low values of LAl multilayers of the
tree and with simple leaves, big and large diameter tree as well as
maintaining a short tree's trunk and planting trees in clusters.

The characteristics of tree canopy such as shape, height, diameter, or
leaf shape were often continuously available to urban planners and
landscape architecture designers. They can be essential in selecting
species for the landscape architecture project.

5. Conclusion

In our research paper, we delved into various tree features that can be
utilized to block solar radiation in urban environments. We studied
eight tree species commonly used in landscape architecture, to
determine their effectiveness in blocking UVA and PAR radiation in
urban areas. The study was conducted on the campus of King Abdulaziz
University, situated in the central-west part of Saudi Arabia. The
measurements were taken at a specific time, noontime (12:00—13:00)
when the solar zenith angle was perpendicular (6@ =88°-90°) from 01-
June to 15-July. The results revealed that trees were effective in blocking
PAR and UVA. The trees' characteristics (LAl Hyeor Hbranctr Heanopy and
Dianopy) play an essential role in blocking PAR and UVA. Factors such as
trees' shape, the shapes and sizes of leaves, agricultural maintenance,
and planting design have various impacts on blocking PAR and UVA.
Finally, the shades of the trees are essential to reduce and protect
humans from PAR and UVR in an arid region. Trees also improve the
quality of life, especially in the urban environment, by providing
aesthetic and environmental benefits to the urban environment.
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