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Desert Areas in the Middle East have High Levels of PM
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Desert Areas in the Middle East have High Levels of PM
 Air pollution due to:
(1) Anthropogenic human
activities;

(2) Natural sources; e.g. dust
storms, particularly in areas
close to deserts.
 Annual average
concentrations of ambient
(outdoor) fine particulate
matter air pollution (PM2.5) in
µg/m3, by region – urban and
rural areas, 2016.
AFR: Africa; AMR: America; EMR: Eastern Mediterranean;
EUR: Europe; SEAR: South‐East Asia; WPR:
Western Pacific; LMIC: Low‐ and middle‐income countries;
HIC: High‐income countries.

Global map of annual average concentrations of ambient (outdoor) fine particulate matter (PM2.5) in µg/m3. Exposure to ambient air pollution from particulate matter for 2016 Version 2 April 2018, WHO

PM Classification: Source, Size and Impact

Effect on Health

Effect on Materials

https://infograph.venngage.com/p/93/danas-infographic-pollution
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https://www.epa.gov/pm-pollution/particulate-matter-pm-basics

Mitigation of PM by Planting Trees in Urban Environments
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
 Important characteristics to be considered when selecting
species for pollution control
• Evergreen, large leaves, local, low water requirement,
minimum care, high absorption of pollutants, resistant to
pollutants, height and spread, growth rate, aesthetic effect
 Different leaves tend to have differences in several aspects of
their surfaces
• Stickier leaves are better for interlocking particles.
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S. Kumar et al., Bull. Env. Pharmacol. Life Sci. vol. 2 (2013), 52- 63

PM Removal by Trees
 Three processes are related to PM
concentration and trees
1.

Incoming airflow carries certain PM
and gaseous pollutant concentrations.

2.

Incoming airflow passes through the
canopy, and a fraction of the PM is
reflected.

3.

Some particulates and gaseous
pollutants deposit on the leaves and
branches as airflow passes through the
canopy.

4.

Cleaner air exits the canopy and
continues moving downwind with
lower pollutant concentrations.

Nevertheless, air might pass under the tree
and the canopy can slow down air flow,
maybe leading to increased pollution.

https://www.eenews.net/assets/2016/10/31/document_cw_02.pdf
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Case Studies on Urban Vegetation for Air Pollution Control

Evaluation of the Environmental and Economic Benefits of Urban Trees- Methodology
 Tool: National Tree Benefit Calculator (NTBC; Casey Tree
and Davey Tree Expert Co.), derived from the i-Tree software suite

 Location: Southern California desert  same climate zone
as Gulf countries
 Three most abundant species in ME desert areas, less
water & care needs.

(1) Acacia (Samar)
(2) Ziziphus (Sidra)
(3) Phoenix Dactylifera (Palm Date)
 Tree size:
Young trees  trunk diameter = 10 inch (≈ 25 cm)
Mature tree  trunk diameter = 45 inch (≈ 114 cm)
 Type of land:
(1) single family residential, (2) industrial or large commercial
business, and (3) park or other vacant land.

http://www.geography.learnontheinternet.co.uk/topics/climatezones.html
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Selected Species- Acacia

 Common name: Umbrella Thorn
Family name: Fabaceae
Found: Arabia, Africa
Arabic name: Samar

 Features: tolerates high alkalinity
soil, drought, high temperatures,
sandy & stony soils, strongly
sloped rooting surfaces
 APTI=30 [1]

[1] S. Das et al., Indian J. Environ. Prot. 30 (2010) 978–988.

Selected Species- Ziziphus

 Common name: Christ's Thorn
Family name: Buckthorns
Found: Arabia, South America
Arabic name: Sidra
 Features: evergreen shrub or tree
that starts branching low down
on the bole and forms a thick,
tangled crown; it can grow up to
18 meters tall
 APTI=13.2 [1]
[1] S. Das et al., Indian J. Environ. Prot. 30 (2010) 978–988.

Selected Species- Phoenix dactylifera

 Common name: Date Palm
Family name: Palm
Found: Arabia, America
Arabic name: Nakheel

 Features: grows to 21–23 m in
height, growing singly or forming
a clump with several stems from
a single root system
 APTI=11.5 [1]

[1] A. Salih et al., J. Environ. Sci. Pollut. Res. 3 (2017) 167–170.

Estimated Benefit in Terms of Air Quality Improvement- trunk dia. 20 inch

Acacia
http://dgnurseries.com/product/acacia-arabica/

Ziziphus
http://www.baladiya.gov.qa/static/cat_doc/gardens/Parks_Boo
k_Trees.pdf

H. Al-Thani, M. Koc, and R. J. Isaifan, Environ. Ecol. Res., vol. 6, no. 5, pp. 493–506, 2018

Date palm
https://www.shutterstock.com/video/clip-14890441-stockfootage-alley-with-palm-trees-in-the-city-of-doha-qatarmiddle-east.html
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Air Quality Environmental Benefits

(a) Direct removal of air pollution
Pollutant removal via:
• leaf stomata uptake of gaseous pollutants
• leaf interception of PM
• Gaseous pollutants removal via dry
deposition by reacting with chemicals on
the plant surfaces.
• Larger PM removal via dry deposition can
occur when (hairy, sticky) leaf surfaces
intercept these particles to settle onto the
leaf surface by gravity.
• Diffusion of very small particles is not
accounted for in this model but still occurs
and could be of a very big benefit since
many health studies suggest it is those
ultrafine particles causing the adverse
health impacts.

The environmental economic benefits of trees by air pollution removal on tree surfaces. Note: “M” indicates
mature trees with trunk diameter of 45 in. or greater, “Y” indicates young tress with trunk size of less than
10 in, “P Dact” indicates Phoenix Dactylifera.

R. J. Isaifan, R. Baldauf, “Estimating the economic benefits of urban trees in desert regions due to air quality and other environmental improvements”, under review in Frontiers in Ecology & Evolution

Air Quality Environmental Benefits

(b) Avoided air pollution

Cooling effect  Trees can
reduce the concentrations of air
pollutants by avoiding
emissions from energy sources
and limiting secondary pollutant
formation, as well as directly
removing pollutants from the
air onto leaf and branch
surfaces.

The annual environmental economic benefits of trees by avoiding air pollution formation. Note: “M”
indicates mature trees with trunk diameter of 45 in. or greater, “Y” indicates young tress with trunk
size of less than 10 in, “P Dact” indicates Phoenix Dactylifera.

R. J. Isaifan, R. Baldauf, “Estimating the economic benefits of urban trees in desert regions due to air quality and other environmental improvements”, under review in Frontiers in Ecology & Evolution

Air Quality Environmental Benefits

(c) Carbon sequestration
 Directly 
Trees sequester CO2 in their
roots, trunks, and leaves while
growing, and in wood products
after being harvested.

 Indirectly 
(by avoiding the need to emit
CO2) through reducing heating
and air conditioning demands
 reducing emissions
associated with power
production.
Annual CO2 reduction by trees in urban desert areas. Note: “M” indicates mature trees with trunk diameter of 45
in. or greater, “Y” indicates young tress with trunk size of less than 10 in, “P Dact” indicates Phoenix Dactylifera.
R. J. Isaifan, R. Baldauf, “Estimating the economic benefits of urban trees in desert regions due to air quality and other environmental improvements”, under review in Frontiers in Ecology & Evolution

Non-air Quality Environmental Benefits

(a) Property value
Annual increase in property value  Acacia ≈77$, Ziziphus ≈ 27$ and phoenix dactylifera ≈ 5$

(b) Storm water runoff
 Trees hold and intercept rain on
their leaves, bark, and branches.
 They increase infiltration and
storage of rainwater through their
root system and by reducing soil
erosion since they tend to slow
rainfall before it strikes the soil.
 Mature trees intercept larger
volumes of water runoff.

Gallons of storm water runoff intercepted annually by young vs. mature
urban trees when planted in different locations.
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R. J. Isaifan, R. Baldauf, “Estimating the economic benefits of urban trees in desert regions due to air quality and other environmental improvements”, under review in Frontiers in Ecology & Evolution

Non-air Quality Environmental Benefits

(c) Urban heat island cooling
-Mature trees have higher
benefit and value than smaller
trees when considering energy
consumption.
-Acacia (larger canopy) has
greater benefits in terms of
annual energy savings than
ziziphus and phoenix dactylifera.
-The thermal comfort and cooling
effect is largely dependent on the
size of the tree and its canopy.

Annual energy saving kWh of cooling and reduced consumption of oil and
natural gas by young vs. mature urban trees when planted in different locations.
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R. J. Isaifan, R. Baldauf, “Estimating the economic benefits of urban trees in desert regions due to air quality and other environmental improvements”, under review in Frontiers in Ecology & Evolution

Conclusions, Challenges and Recommendations
 Acacia has the highest overall air quality and non-air quality benefits due to (1) its larger leaf surface
area, (2) canopy shape and (3) greater Air Quality Tolerance Index.
 It was estimated that tree benefits from carbon capture due to fossil fuel burning can reach up to US
$14 billion annually.
 Mature trees tend to be more beneficial than smaller trees for improving environmental conditions.
 The location of planting these trees had minimal impact on the overall economic value  the model
does not consider location in its assessment since it only evaluates regional effects. Many studies
suggest that PM removal is higher when the plants are located near the source. In addition, some
other effects may be more localized so location may matter when considering a specific city, but the
model cannot account for that either.
 There is a need for case studies given the large potential benefits of greening our cities.

 Implementation of urban greening for environmental benefits should be a collaborative work
between researchers and decision makers to choose the right species and locations for best results.

Thank You..

