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ABSTRACT

Increasing urbanization brings about several sustainability challenges for its citizens. Among many, air
quality is probably the most important and common one due to limitation in natural sources and the
increased use of energy in buildings and transportation. Many cities have considered including urban
vegetation in their sustainable development plans to abate the effects of climate change as well as for
beautification of neighborhoods to motivate positive behavior of their citizens. Trees have been known
for cleaning air by converting carbon dioxide into oxygen reducing their impact on health and materials.
Moreover, trees can directly affect particulate matter concentration by (1) removing particles, (2)
emitting particles or (3) by the re-suspension of particles on the plant surface. This study presents the
air quality impacts of urban vegetation in the city of Doha (State of Qatar) under arid conditions, which
can be mainly described with high temperature, high relative humidity and high concentration of
particulate matters originating from multiple sources. Three abundant local urban tree species were
selected for this study, namely Acacia (Wattles), Ziziphus (Sidra) and Phoenix dactylifera (palm date)
trees. Their environmental economic value (EEV) was evaluated and compared based on their capability
to abate gaseous and particulate pollutants utilizing the application of the National Tree Benefit
Calculator. To this end, Acacia was found to have the highest EEV under Doha city’s weather conditions.

1. Introduction

Urban vegetation has been reported to have several ecosystem services
such as providing scenic public landscape, reducing impacts of flooding,
reduction in the use of fossil fuels for heating and cooling in addition to
several positive effects on air quality through filtration of airborne
particulate matter [1, 2]. Urban planning is one of the critical fields that
accounts for the dynamic changes in cities around the world, especially
with shrinking areas due to urbanizations [3]. Hence, many countries are
considering urban vegetation in their current and future plans for their
role to mitigate adverse climate change impacts such as global warming,
rise in sea level, in addition to the beautification of neighborhoods to
motivate positive behavior of their citizens [4]. Trees are known for
cleaning air by converting carbon dioxide into oxygen reducing their
impact on health and materials [5]. On the other hand, mitigation of dust
in desert areas is of critical importance to reduce their effect on solar
panels [6, 7]. In urban places, trees can directly affect particulate matter
(PM) concentration in the air by several routes: (1) by removing particles,
(2) emitting particles or (3) by the re-suspension of particles on the
surface of these trees [8,9]. Trees can also lead to PM formation by
emitting volatile organic compounds, which act as precursor for PM
secondary formation [8]. On the other hand, PM deposition on tree leaves
adversely affect the health of trees. These particles, which deposit on the
leaves can block light and hence affect photosynthesis process or can be
absorbed by the tree if the particles are tiny enough.

Maher et al. [10] reported recently that silver birch trees can absorb as
much as 50% of the PM generated by vehicles in their study that was
conducted out for a city block in Lancaster city in The United Kingdom.
First, the PM content was determined based on dust samples taken from
homes participating in the experiment to evaluate the original amount of
PM to which the families are exposed. After initial samples were analyzed,
the streets were then lined with 24 young silver birch trees planted in tubs
along the pavement in front of four of the participant homes, effectively
creating a barrier between them and the streets where heavy
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transportation takes place. After two weeks of starting the experiment, the
researchers found that the homes that had birch tree screen planted in
their front achieved more than 50% decrease in PM concentration
compared to the homes that did not. This was followed by another step to
investigate how the trees were able to filter out or remove PM so
efficiently. Hence, the authors studied silver birch tree leaves with a
scanning electron microscope (SEM), from which they concluded clearly
that tiny hair-like structures on the surface of those leaves were
responsible for removing the particulates from the air.

The effect of leaf surface structure on the efficiency of trees to capture
PM have been also reported recently by Chen and coworkers [11]. In their
study, they investigated the foliar characteristics for effective PMzs
capture and presented differences in foliar PMzs recapture capacity
between one tree species to another following a rain event. The foliage is
another word for the leaves of the plant which acts as a bio-filter of air
pollution and improves air quality due to the leaves’ rough texture and
large contact. The researchers hence concluded that the conifer needle
shaped-leaves are more efficient than broadleaved species for PMzs
accumulation and capture after rain. Furthermore, the amount of PMzs
removal by rainfall was determined by the total foliar PM2s. They have
reported that not all PMzsremained on the foliage (leaves), but also PMzs
was re-suspended during the growing season, and thus reduced the net
particular accumulation in some species [11].

Trees are not only efficient for PM abatement, but they are also efficient
for providing various ecosystem services in urban context such as the
regulation of temperature, carbon dioxide sequestration and removal of
other gaseous pollutants [12-14]. Nowak [8] reported that trees in New
York City removed a total mass of about 1,821 metric tons of air pollution
in 1994. This has reflected at an estimated value of $9.5 million benefit to
society. The study involved other cities in the United States as well, and the
different rate of pollution removal by tries from one city to another was
dependent on the total amount of air pollution, length of in-leaf season,
precipitation, and other meteorological variables. It was found that large
healthy trees which have diameter greater than 77 cm remove
approximately 70 times more air pollution annually (1.4 kg/yr) than small
healthy trees with less than 8 cm in diameter (0.02 kg/yr) [8].

In this work, we evaluate for the first time in Doha/Qatar the air quality
impact and environmental economic value of three abundant urban trees:
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Acacia (Wattles), Ziziphus (Sidra) and Phoenix dactylifera (palm date). The
environmental economic value of each tree was estimated based on its
capability to abate gaseous and particulate pollutants utilizing the
application of the National Tree Benefit Calculator (NTBC).

2. Experimental Methods

In order to evaluate the environmental economic benefits of the three
abundant urban trees in Doha city, the National Tree Benefit Calculator
was used (NTBC). The NTBC is a tool developed by Casey Tree and Davey
Tree Expert Co. free for public use to make a direct estimation of the
benefits of individual trees. To use this tool, four pieces of input data
should be selected:

e the location of the area,

o the tree species name,

o atree diameter value that ranges between 0 and 45 inches; and
o type of land use where the tree is planted.

Therefore, to start using the tool, a specific location in the United States
should be first selected since this tool was developed mainly for use within
USA boundaries. Hence, we selected Southern California desert since it has
the same climate zone as Qatar (Fig. 1) based on the six principal groups
of world climates (Polar, Temperate, Arid, Tropical, Mediterranean and
Mountains) [2].
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Fig. 1 World Climate Zones showing that Qatar has the same climate zone as of the
desert in Southern California [15]

Second, a species name should be selected. The three trees investigated
in this study are Acacia (Wattles), Ziziphus (Sidra) and Phoenix dactylifera
(palm date) Trees (Fig. 2), which are considered some of the most
abundant species that grow in urban environment in Doha city [16]
(Environmental Studies Center [17]).

Fig. 2 Photos of (a) Acacia (Wattles), (b) Ziziphus (Sidra) and (c) Phoenix dactylifera
(palm date), some of the most abundant species that grow in urban environment in
Doha city [18]

Third, further assumptions should be made related to the size of the
tree, hence a tree of 20 inch-diameter was selected as an input for all trees
to avoid assuming newly (small diameter) or very old grown trees (larger
diameter). Lastly, the type of land use as per the National Tree Benefit
Calculator tool should be selected from the following categories:
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Single family residential

Multi-family residential

Small commercial business

Large business area

Park or other vacant land

For this work, in order to simulate the urban plantation case where
trees grow with minimum care and irrigation, the land use type selected
was “Park or other vacant land”.

3. Results and Discussion

Fig. 3 shows an estimate of the environmental benefits of planting the
three urban trees in Qatar in terms of improving air quality and abatement
of carbon dioxide. The figure indicates that these trees can improve air
quality related to gaseous and particulate emissions. This can be achieved
by:

e Absorbing pollutants like ozone, nitrogen dioxide and sulfur dioxide
through leaves

o Intercepting particulate matter like dust, ash and smoke

o Releasing oxygen through photosynthesis

e Reducing energy use and subsequent pollutant emissions from power

plants.
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Fig. 3 Estimated benefits of different urban trees in Doha city in terms of air quality
improvement, (Legend: Dep: deposited and Avd: Avoided)

The general trend of improved environmental benefits is shown to be
the best when Acacia tree is planted and the least for palm date trees with
approximate total value of 14.41$ (Acacia) > 11.11$ (Ziziphus) > 2.97$
(palm date). One general observation is noted as well that the three trees
are not efficient to reduce/ remove volatile organic compounds (VOC).
This is mainly due to the fact that trees emit VOC through their cells
naturally as insect and animal attractants or repellents which play crucial
role in the plant’s defense and survival system [8, 13]. On the other hand,
amongst the gaseous pollutants, ozone is reduced to a great extent. This
trend has been reported earlier by Schladitz et al. [19] and Nowak et al.
[20] where they found that ozone removal by trees was the highest among
all studied air pollutants. This significant removal of ozone is found to be
related with the relatively high deposition velocities for ozone which is
generally associated with high local ozone concentrations in the cities [13].
Moreover, sulfur dioxide takes another route by being absorbed into the
plant tissues through the stomata. It then reacts with water on inner-leaf
cell walls to form sulfurous and sulfuric acids. These acids further react
with other compounds and be transported get different parts of the plant
[21].
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Trees are not only efficient to abate most gaseous pollutants as
described earlier. In fact, they can be also efficient to reduce PM
concentration in the air. Conceptually, trees can affect PM concentration in
a three-step process. First, the incoming air flow carries a certain amount
or concentration of PM which can be expressed in (ug/m?). Then, this
incoming airflow passes through the canopy (the higher part of the plant
above the ground) which removes part of the PM. Hence, in some
occasions, part of the incoming air flow might be deflected leading to an
increase of PM concentration locally upwind the tree. Third, the cleaner air
(carrying less PM content) exits the canopy and continues moving
downwind. This cleaner air mixes with other air over some distance that
did not pass through the canopy which ends up having PM concentration
that approaches the average concentration for that area (redilution).

More specifically, the reduction in PM concentration by each tree is
achieved via the two following mechanisms: (i) an avoided fraction or by
(ii) dry deposition process. Dry deposition is the mechanism by which
vegetation removes air pollutant from the troposphere during a non-
precipitation period [13]. This mechanism depends on the nature of
pollutant whether it is particulate or gaseous, having high or low density,
diameter range, etc. It also depends on the nature and characteristics of
the surfaces which include the chemical nature, roughness and size of
those surfaces. The other critical factor is weather conditions such as
ambient temperature, solar radiation, wind speed and direction, etc. [13].
Hence, when a pollutant accumulates on the surface of leaf tree, it can be
removed either through leaf stomata absorbing gaseous pollutants or by
the leaf intercepting particulate matter [22]. The first process causes the
diffusion of pollutants into the inner part of leaves. These absorbed
pollutants, in turn, may react with plant surfaces. In the second process,
leaf surface intercepts PM leading to the reduction of PM concentration in
the air through the wind action [22].

Moreover, trees play an important role in reducing carbon dioxide
concentrations. Fig. 4 shows that the overall environmental benefit in
reducing CO: concentration follows the same trend of the findings
displayed in Fig. 3 with Acacia tree to be the most efficient and the palm
date tree showing the least removal values.
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Fig. 4 Estimated benefits of different urban trees in the city of Doha in terms of
carbon dioxide abatement

Trees mainly reduce CO2 concentration when they sequester carbon
dioxide (CO) in their roots, trunks, stems and leaves during their growth
period, and in wood products after they are harvested. One more indirect
way of trees role in reducing COz is when trees are planted near buildings,
they can reduce heating and air conditioning demands by acting as thermal
shed and hence, reduce CO; emissions associated with power production.
Liu et al. [23] reported on the quantification of carbon storage and
sequestration by urban forests in the city of Shenyang in China. For their
estimation, the researchers used biomass equation utilizing several urban
forest and field survey data derived from high resolution images. The
results were reported in monetary values showing that forest areas within
the third-ring road of Shenyang stored 337,000 tons of carbon which is
equivalent to $13.88 million. This value is estimated to have an impact of
reducing the annual carbon emissions by 0.26% in Shenyang. The results
showed as well that there was a variation of carbon storage and
sequestration rate among different species types, age and composition
within the urban forests studied. This has provided an insight for decision
makers and public sector to better understand the role or urban forests
and make better management plans for those areas [23].

The response of plants towards air is usually assessed by a factor that
is referred to as an Air Pollution Tolerance Index (APTI) [21, 24]. The APTI
is used by researchers to select plant species tolerant to air pollution and
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it can be determined following the method of Singh et al. [25, 26]. The
formula of APTI is given as:

APTI = [A (T+P) + R]/10

where A = Ascorbic acid content (mg/g), T = total chlorophyll (mg/g), P =
pH of leaf extract, and R = relative water content of leaf (%).

The order of the estimated environmental economic value of the three
tree species as discussed above is found to be in good agreement with their
APTI (Table 1). The higher the APTI, the more tolerant the tree is for air
pollution, while lower values indicate sensitive species with lower air
pollution abatement capacity.

Table 1 Air Pollution Tolerance Index of Acacia, Zizphus and palm date trees

Species APTI Reference
Acacia 30.0 [27]
Ziziphus 13.2 [27]
Palm Date 115 [21]

4. Conclusion

By considering and investigating the services provided by trees for
ecosystems, an optimized design and relevant economic decisions could
be made towards the use of trees as a way to improve environmental
quality, human health and the well-being for our modern societies. A
fundamental factor to meet this goal is the data obtained on the impact of
the urban forest structure (e.g. species composition) on air quality. In this
work, we investigated the air quality impact of three abundant tree species
under the city of Doha’s environmental conditions, namely Acacia
(Wattles), Ziziphus (Sidra) and Phoenix dactylifera (palm date) trees. We
successfully evaluated their respective ability to abate gaseous and
particulate pollutants through the use of the National Tree Benefit
Calculator. Our results showed that the environmental benefits of urban
trees in the city of Doha are gained by improving air quality and abatement
of carbon dioxide concentration, in addition to be highly efficient to reduce
PM concentration in the air. Moreover, the reduction of COz concentration
was found to follow the same trend for the three species, with the
particularity that Acacia tree was found to be the most efficient and
presented the highest EEV in Doha. Hence, we conclude that, in order to
have adequate, green infrastructure-based policies to mitigate air
pollution in cities, urban planning that include vegetation should be
implemented on larger scales. In addition, the policy-makers should
necessarily consider the integration of efficient green infrastructure
management, where possible trade-offs with other ecosystems services
and urban sustainability goals are fully met.
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