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ABSTRACT

From the past decades, carbon dioxide emissions have been dramatically increased and concentrate in
atmosphere mainly due to human activities. This disastrous situation was a huge concern on the increasing the
atmospheric carbon dioxide emissions inside urban areas and it became a challenge to the public health
worldwide, as well as, its main cause of rising climate changes. Hence, the present project study tempted to
addressthe important role of the urban vegetation for air quality. Here, wereport the carbon dioxide capture by
two urban tree species frequently planted (Morus nigra L.) and/or naturally occurred (Salix alba L.)in Duhok
governorate areas and almost in all towns and cities of the Kurdistan Region.The results of this study showed a
variation between Salix alba and M. nigra trees species in term of ratio dry/wet biomass, the carbon
sequestration net and the annual CO, sequestration capacity. The main findings of thisresear ch were the annual
carbon content quantification for common tree species grown in Duhok city: for white willow was (23 kg) and for
black mulberry was (15 kg). Compare with, for some other trees that been done in previous studies for Pinus
brutia, Eucalyptus camaldulesnsis, Quercus aegilops, and Cupressuss empervirens were 44.95, 38, 33.93 and 17.2
respectively. These results can be considered as an initial step to decrease the level of carbon dioxide emissions
by planting the native treespecies. For the first time, a site-species-specific allometric equation has been
developed based on the relationship between tree volume-wood biomass extracted from true values “destructive
method” of biomass quantification. Consequently, thanks to this new volume-weight equation, we can assess the
important roles of urban trees in the carbon sequestration process in urban areas of the Kurdistan Region
without cutting the trees can be assessed.
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1. INTRODUCTION

Over the past century, there has been a dramatic
increase of carbon dioxide emissions in atmospheric
concentrations mainly due to anthropogenic
activities (Solomon et al.,, 2009; Schellnhuber,
2008; Davies et al., 2011). In urban areas, the
increasing concentration of atmospheric carbon
dioxide is increasingly recognized asserious
challenges, worldwide public health concern,
besides of its fundamental role in starting off
climate change (Hansen et al., 2007; Schellnhuber,
2008). In this dramatic context, the principal
preoccupation of the United Nations Framework
Convention on Climate Change (UNFCCC) is to
achieve stabilization of Carbon emissions in the
atmosphere at a low enough level to prevent the

dangerous anthropogenic interference with the
climate system (Hansen et al., 2007; Schellnhuber,
2008; Solomon et al., 2009) as well as make human
society more sustainable and improve the wellbeing
of urbanities (Davies et al., 2011; Strohbach et al.,
2012). Therefore, there is widely concern about
climate change which leads to understanding the
emissions of CO, reduction, in addition, carbon
fixing in the vegetation and soils is a part of

reducing the emission of COy(Ross, 2007).
Increasing in urbanization is destroying the
environment and degradation of the natural

ecosystem. Balancing the carbon (C) inside urban
green spaces is a new challenge for major studies
and concerning principal policy in efforts to address
climate change, as urban areas are both major roles
in the search for good strategies to create more
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sustainable society and urban improvement and also
concentration on carbon dioxide in atmosphere
(greenhouses gases) (Pataki et al., 2006; Romero
Lankao, 2007; Rosenzweiget., 2010; Escobedo et
al.,, 2010; Davies, 2011; Feliciano & .Prosperi,
2011; Strohbach et al., 2012; Neirottiet et al., 2014).
Urban area infrastructure transformation not just
limited to buildings and transportation, however, it
is also including all the implementation of green
area infrastructures as a Carbon store (Gill et al.,
2007; McPherson et al., 2013). The infrastructure of
green area including a large number of natural
components in urban green areas for example
gardens, parks, woodlands, waterways, greenways,
wilderness areas, forests, community farms and
green roofs are able to help as an active strategy for
mesoscale, macroscale and microscale climate
change adaptation and mitigation because green
cover can store and capture carbon by biotic
sequestration (Rowntree & Nowak, 1991; Nowak &
Crane, 2002; Pataki et al., 2006; Vidrih & Medved,
2013).To diminish some of these issuessome
provincial governments globally conducted large
projects on tree planting (afforestation) and also
covering all infrastructure, particularly
implementing green infrastructure as a carbon sink
to support ecosystem services and habitats for
example reducing air and noise pollution, carbon
fixing, attenuate water storm and regulating
microclimate (Escobedo et al., 2010; Gaffin et al.,
2012; Auckland Council 2012; Oldfield et al.,
2013). A forest has a significant role in the
ecosystem estimation estimated and regulating
global warming diversity, furthermore, helps to
make a balance between carbon dioxide and oxygen
and forests are considered as a part of the global
carbon sequestration (Ross, 2007). As well as, there
are some other values and functions come from the
trees that planting in cities (such as local climate
mitigation, ornamental purposes etc..) that area
significantly influence on the quality of the
environment and human health (Gomez-Baggethun
et al., 2013). The importance of Carbon fixing or
carbon sequestration through plant has been highly
reported nowadays as a result of developing the role
of plant determinations within the ecosystem
(Schroter et al., 2005). Carbon dioxide is fixed from
the atmosphere naturally throughout physical,
chemical and biological processes (Saeed et al.,
2016). Unfortunately, in the Kurdistan region, little
information is known about carbon sequestration or
removal of pollution, by tree species in urban
(Mizori, 2010). The results of Saeed et al. (2016)

which was carried out on Cupressus sempervirens
var. horizontalis and Eucalyptus camaldulensis are
accounted as a initial step toward carbon offsetting
potential quantification and later the approaches of
developing specific region that Kurdistan cities can
be utilized to assess carbon dioxide fixing using
specific allometric models and the framework
availability of tree species inventories at local scale
(Duhok governorate). These frameworks are for
future carbon fixing measurement should
effortlessly be integrated into future urban planning,
management and urban green space area policies.
Thus, the main aim of this research is carbon
captured determination from two tree species occur
commonly (Salix alba L.) and frequently planted
(Morus nigra L. in urban areas of Duhok
governorate and almost all cities and towns of the
Kurdistan Region. They are and both tree species
are native and widely occurring in natural and urban
areas of Kurdistan Region. This approach can be
used to support assessing the role of urban tree
species in diminish the CO,and help Kurdistan
region carbon sequestration planning in the
future.They will drove scientists working through
tests to quantify the perfect trees species, which
provide a good suggestion and recommendation in
developing green space areas, Robert. (2005)
recommended in increasing carbon sequestration
practices in urban forestry areas.

2. MATERIALSAND METHODS
2.1. Study area:

The present research project was carried out
after the course of the full growing period in June
and July 2018 in Duhok city. The Duhok city is
located on the north of Kurdistan Region of Iraq (N
36" 52' 03" E 42° 59' 34"). It makes up the urban
area administrated by Duhok governorate and it
covers about 10715 km2 From a landscape
standpoint, Duhok city is encircled by two chains of
hills eastward west ward direction. Which are
Bekhair and Zawa hills situated in northern and
southern of Duhok City. These mountains confer
the city an elongated landscape shape but with high
air pollution risk. On other hands, there are two
rivers passing through the city (Duhok River and
Heshkarow). These two small rivers constitute an
important riparian urban forest with the dominance
of some native tree species e.g. Morus sp., Salix sp.,
Platanus sp., Populus sp., etc (Shahbaz, 2010).
Consequently, this riparian urban forest with the
semi-natural vegetation cover on the hills encircled
the city green belt form the green belts and thus
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play a primordial role on the environmental quality
of the urban areas in Duhok city i.e. carbon
sequestration, phytoremedation of air pollution,
help control sediment and reduce the damaging
effects of flooding. The climate is continental
Mediterranean with mild, wet winters and warm dry
summers (Youssef et al., in press). The precipitation
mainly falls in late winter to late spring i.e. from
December to marsh (Youssef et al. 2015; Youssef et
al., in press). According to bioclimatic data from
Malta nursery-Duhok, the city belongs to the
Mesopotamian ~ region and  having  some
Mediterranean climate features. The mean annual
temperature for 2016-2017 was 26.7 C°; the average
annual precipitation in Malta nursery was (386
mm), while the precipitation started on 28 October
2016 and ended on May 20 of 2017. According to
the classification of Koppen-Geiger climate system
(Peel et al., 2007), the area is classified it as a semi-
aridregion.

2.2. Study species:

In this research project, two nativetree species
were selected over the urban area in Duhokcity. It
widely growing tree (for S alba) in natural habitats
and/or frequently planting (for M. nigra) in urban
areas almost cities and towns of the Kurdistan
Region have been selected. These two tree species
are an important element in terms of urban greening
process and vegetative cover, which in turn play an
essential role for carbon sequestration and
decreasing the Carbon emission in urban and semi-
urban areas which absorb the CO, from atmosphere
and stored in the soil and plant leaves.

2.2.1. Morusnigra L. (Moraceae family):

Morus nigra is one of the two native mulberries
in Kurdistan Region of Irag (Townsend and Guest,
1966). It is a deciduous tree growing to 12 m with a
dense spreading leafy crown. It is cultivated and
naturalized in moist situations in the mountains,
foothills and in orchards. In added, it founds quite
common in the almost mountain-forest region up to
altitude 1650 m a.s.l. of Kurdistan Region (N Irag),
but occasionally in foothills and pseudo-steppic
plains (Shahbaz, 2010). This lack mulberry is
thought to have originated in the mountainous areas
of W. Asia (Mesopotamia, Zagros, and Persia) and
are now wide spread and has long been cultivated
for its edible fruit and is planted and often
naturalized across the Europe C. Asia and N. Africa
(Townsend and Guest, 1966). Its fruits can be eaten
for dessert or made into jam, syrup etc. The black
mulberry has a long history with medicinal uses: its
delicious nutritive edible fruits have a rich amount

of anthocyanin, phytochemical and antioxidant
properties (Ozgen et al., 2009); while its leaf
hasanti-inflammatory effects by reduced paw edema
(Padilha et al., 2010) and its potential in improving
cognitive deficits, mainly due to its high antioxidant
capacity (Turgut et al.,, 2016).From an urban
greening standpoint, it is widely cultivated in urban
areas “family garden” for edible purposes and/or
often in a public garden and in roadside plantations
for ornamental purposes. Furthermore, it is widely
used in urban areas as a biological indicator o their
suitability for air quality biomonitoring (Daud et al.,
2011).

2.2.2. Salix alba L. (Salicaceae family):

It is a tree up to 30 m. high with a narrow or
spreading crown which occurs naturally in the
Kurdistan Region of Iraq.It is a species of willow
native to Europeand w. & C. Asia and N. Africa
(Townsend and Guest, 1980). In theKurdistan
Region, it founds occasionally over stream sides in
the mountains, also near water (along with
channels, etc.) on the plains. It occurs naturally in
riverine habitats with others riparian tree species
such as others Willow (Salix sp.), Oriental plane
(Platanus orientalus L.) and Poplar (Populus sp.).
They often constitute together natural riparian
forests in Kurdistan Region. White Willow is well
known for its longevity, spreading crown and their
survival and success in dry soils and in most
temperate latitudes once it is established. In spite of
its important role as greening belts surrounding the
urban areas, it is rarely used for greening purposes
in urban areas. The white Willow genus has a
considerable economic importance wherever it is
found:it provides timber, fuel, and wood for
carpentry as well as material for basket-making; the
bark tannin was used in the past for tanning leather
(Rushforth, 1999); It has an important biomass
productivity and  phytoremediation  potential
(Mleczeket al., 2010); It plays prominent roles in
the therapeutic actions due to its anti-inflammatory
and antipyretic efficacy (Shara&Stohs, 2015).

2.3. Field Procedure and Sample preparation:

To date various methods have been developed
and introduced to measure the carbon sequestrated
in tree species (Pastor et al., 1984; Birdsey, 1992;
Nowak, 1994; Pertram et al., 2003; Wang, 2006;
Nowak et al., 2008; Basuki et al., 2009; Rutishauser
et al., 2013). Previous studies have based their
criteria for selection on the allometric equations to
estimate/calculate the percentage of carbon in the
tree in terms of extracting the total dry weight of a
tree and the percentage of carbon sequestration in
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terms of local measurements (e.g. Nowak, 1994;
Nowak et al., 2008). Our previous study based on
allometric equation was conducted within Duhok
governorate on two different treespecies from open
forest formation to estimate the susceptibility of
carbon sequestration (Mizori, 2010). This allometric
equation was based on the diameter at the breast
height (dbh) and height of the tree to calculate the
wet weight of the whole tree (Total wet weight =
0.25 D?H) (according to Clark et al., 1986).
However, these calculations do not give the true
values of the ratio of carbon sequestrated by the
tree, but taken as approximate rates in terms of
reality based on the tree species found's in the
United States depending on the environmental
conditions of the growth of the tree and the area
which trees grow. In his study, Mizori (2010) had
shown that the estimated annual mean carbon
content based onthe allometric equation was smaller
than the real content. He reported that the difference
between species and may be within the same
species is mainly due to the moisture content of
wood that varies with location in standing trees
(Mizori, 2010). In this study, two parallel
approaches have been used: the first one is based on
the calculation of the real carbon sequestration
content via cutting the trees; while the second one is
based on the relationship between the volume
according to Smilian equationand the real total dry

biomass of the trees. This alternative method
“volume-weight relationship” will have a greatvalue
to quantify the significance of Kurdish
urban/natural forests in regional carbon budgets.
Therefore, the method is based on the field data of
two urban tree species with potential fast growing
that frequently found in urban/natural habitats in the
Kurdistan Region. The field process started as
follows: two individual trees had been randomly
selected for both tree species (Salix alba and Morus
nigra) according to a good specification in term of
volume, growth, and age.The limited number of
selected individuals was due to the legal
instructions of the governorate of Duhok Province.
The trees were felled down by a chainsaw and then
the twigs, branches and leaves of the trees were
separated (Figure 2). In addition to bucking the
main logs of a tree into lengths of meters and
measuring the lower and upper diameters of each
pole.According to these diameters, the volume of
the whole log with the volume of each section of a
tree was calculated.

The Smalian’s formula (equation 1) could be
used to calculate volume If the stem is subdivided
into sectionsit is known that theTree volume
determination is always based on measurements of
diameter and length. When calculating a section-
wise volume (Figure 1).

— <4— length 1 —p 4—— length 2 —p l4— length 3 —»
0] ;
= S section 1 Section 2 Section 3 (:\?_,
=] 1
Fig. (1): Subdivision of a stem into sections.
Smalian’s formula (S.F.) = 0.00007854*(h)*[d12 /2+ d22 + d32 + d42 + d52 + d62 + d72/2].......... (1)

Knowing that extracting mechanically root from
the ground is often not an option to derive tree
carbon stocks, particularly in urban areas (Figure 2).
Therefore, to calculate the total green weight of the
tree, multiply the aboveground weight of the tree by
1.2 according to the method developed by Clark et
al. (1986). Then, the total wet weight of a tree was
calculated via the weight of the whole of (logs,
branches, leaves, and twigs) by electronic scales
(with a precision of 0.01 g and a capacity of 300 kg)
directly from the field. However, three random

samples were taken for each of the branches, leaves,
and twigs in suitable sacks for avoiding loss of
moisture. As well as one sample of each section of
logs which bucked to lengths of meters had been
taken; and then took five other trees randomly for
each type and measurement of heights and
diameters for each one and determine the bottom
and upper diameters according to the length of the
tree, the volume of each tree calculated depending
on smalian's formula, and taking the sample for
each tree by using increment borerand pick up in
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appropriate sacks. While the weight of all samples
was calculated before (green weight) and after (dry
weight) drying in the oven at 105°C for 48 hours in
the laboratory of the department of forestry, college

of Agriculture, University of Duhok. After then, all
green weight of all parts and dry weight (multiply
the green weight on percentage of dry weight in
samples of all parts oftrees) (Figure2).

Fig. (2): field procedure and sample paration Stages. (a) Tree selection. (b) The chainsaw has been used to felling. (c)
Height, diameter, and age Measurement for each tree of Willow and Mulberry. (d) Cuttingthetree to standard pieces. ()
BranchesWeighting. (f) Limbs Removing(branches, leaves and twigs). (g) Taking Samples. (h) Measuring wet weight.
(i) Dry weight measuring.

which indicates the half of the total dry biomass is
considered the average of carbon content. Thus, the
carbon sequestration weight of the tree was
estimated by multiplying each individual total dry
weight of trees by 0.5. Moreover, to calculate the
carbon CO, sequestrated weight of the tree, we
multiplied the carbon weight by 3.6663 (atomic
weight of C is 12.001115 and for CO, is 43.999915)
Wicaksono et al, (2011). In order to achieve annual
CO2 sequestrated weight, we divide the CO,

sequestrated weight of trees by the tree age. For
value of carbon sequestration and storage
estimation, C values are multiplied by $78.5 per ton
of C depending on social costs of carbon estimation
with a 3 % percentagerate of discount (Interagency
Working Group, 2010).
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3. RESULTSAND DISCUSSION

Planting trees and maintenance the urban green
spaces have increasingly become a major research
challenge and a principal urban policy concern in
efforts to improve the life-quality of urban residents
related to theatmospheric carbon emission (Nowak
et al, 2006; Chen, 2015; Kiss et al., 2016; Boukili et
al., 2017). This balance between life-environment
quality is one of the most important issuesto make
human society more sustainable and thus improving
the wellbeing of urbanites (EImqvist et al., 2015;
Kuittinen et al., 2016).In this circumstance, the
urban forests play an important role in improving
the environmental quality and it is an effective
green-technological solution for carbon
sequestration in urban areas. Therefore, the results
of this study are inset in the continuity towards
estimating the rate of carbon storage by urban trees
at local and/or regional scale in Kurdistan Region.
In this context, an accurate estimation of biomass in
urban trees is crucial for future urban land use
planning and policy strategies. Our results showed a
variation between M. nigra and Salix alba trees
species in term ofratio dry/green biomass, the net
carbon sequestration and the annual CO,
sequestration capacity.

3.1. Carbon sequestration capacity of M. nigra
versusS. alba:

Black mulberry (Morus nigra) is a deciduous
tree founds commonly in natural habitats
(mountain-forest, foothills and often plains regions).
It is widely cultivated in both private and public
parks and gardens for ornamental purposes and for
its edible fruits (Townsend and Guest, 1966;
Shahbaz, 2010). In terms of biomass, our results, as
shown in table 1, 2 and figure 3a, indicate that the
ration of total dry (195.11 Kg) to green (344 Kg)
biomass is 56.72 with 43.28 % of moisture. This
relatively high percentage of water may be due to
its occurrence in private garden with regular
irrigation by the urban residents. In more details, the
highpercentage of both dry and green biomass is
found in the stem (about 60 %) and the roots (17
%). In contrast, less than a third (about 24 % in
total) of the dry or green biomass was found in the
crown without the stem parts (branches, twigs, and
leaves). These findings enhance our understanding
of the biomass allocation strategy of black mulberry
tree species. The balance of the biomass allocation
reflects the influences of evolutionary and
ecological processes as a trade-off of multiple bio-
functions (Bazzaz& Grace, 1997; Pons et al., 1998;
Youssef, 2011). In added, the total carbon dioxide
sequestrated for the black mulberry was 357.67 kg
with an annually rateabout 14.9. This annually
carbon storage is equal to a price of approximately
1.17 $ per year per each individual tree (Table 2).

Table (1): lllustration of wet and dry weight of both Mulberry and Willow samples in Duhok Provence.

Sample H D Stems Leaves Twigs Branches Roots Total Total Dry
Wet
Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
Morus 12 194 204.4 120.36 19.22 10.57 1339 7.9 49.66 23.77 57.33 325 344 195.111892
Salix 11 41 263.28 160.07  28.6 14.01 1854 10.2 7147 45.03 76.38 45.86 458.268 275.164053
Table (2): Total carbon sequestered and moisture content of both Morus nigra and Salix alba.

Tree H (m) D (cm) Annual Total Total Dry/Wet MC Carbon CO, Price  Annually Annually
species rings Wet Dry % % Sequestration (%) COo2 Price ($)
Morus 11.50 19.40 24 344.00 195.11 56.72 43.28 97.56 357.67 28.08 14.90 1.17

Salix 11 41 22 458.27 275.16 60.04 39.96 137.58 504.42 39.60 22.93 1.80
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Total wet weight of

Salix alba
Roots
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Twigs _/4
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Fig. (3a): Total wet weight of all part of both tree Morus nigra and Salix alba

Concerning White Willow (Salix alba), it is a native
riparian tree species with a wide ecological range
over streamsides and rivers in Kurdistan Region
(Townsend and Guest, 1966; Shahbaz, 2010). It
constitutes with other tree species an important
natural riparian forest, even if in urban and semi-
urban areas, where it plays a primordial role in the
environmental quality like its role in carbon
sequestration and phytoremediation. It is apparent
from tables 1,2 and figure 3b that it has a similar
pattern of the biomass allocation partitioning
between the above and below-ground parts. In fact,
the white Willow sequestrated about 275.16 kg of
total dry biomass and 458.26 Kg of total wet
biomass with a 60.04 dry to wet biomass ratio. The
total percentage of the water was approximatively
40%. This high rate of moisture may be explained
by the fact that it grows principally in wet habitats
over streamsides and rivers. In addition, white
Willow, as like black Mulberry, has a relatively
high ratio of total biomassin the stem (about 58 for
both dry and wet weight)compared to the crown
without the stem (about only 25 %) and the roots
(about 17 %). As can be seen in the details from the

figure 3b, the percentage of the biomass
approximatively were 58 %, 17 %, 16 %, 5 %, 4 %
in stem, roots, branches, leaves and twigs
respectively. The most striking result to emerge
from the biomass data is that both the tree species
have a similar allocation strategy for their parts
(Table 1, Figure 3a, b). This also accords with
earlier research results for Eucalyptus species,
which showed a similar biomass allocation biomass
strategy (Saeed et al., 2016). Therefore, results
consolidate the idea that the evergreen tree species
have a different biomass allocation strategy
compared to deciduous ones with a higher carbon
concentration in crown tissues compared with stem
wood and roots (Bert & Danjon 2006; Mello et al.,
2012; Saeed et al., 2016). Consequently, the carbon
sequestration by the both urban species (M. nigra
and S alba) has important implications for
developing an innovation greening strategy in urban
areas in Kurdistan Region. These two native urban
trees have an essential role in carbon storage and
thus contribute significantly to the human health of
the residents as well as the environmental quality.
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Dry weight of Salix alba
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Twigs
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Fig. (3b): Strategy of carbon distribution between all parts of both Morus nigra and Salix alba trees

3.2. Towards a dtespeciesspecific table
establishment of CO2 sequestration for urban
areasin Kurdistan Region:

Worldwide modern urbanisation generates with
a wide range of environmental challenges adversely
affecting human health and well-being such as
urban catchment hydrology and stormwater runoff,
emission of air pollutant particles, soil and water
pollution and global warming (Calfapietra et al.,
2015). In this environmental circumstance, it’s
important to understand the main role of urban
vegetation and how to manage it. As urban areas
expand the roles of trees in improving the quality of
environment increase in importance (Nowak, 2006).
Consequently, urban forests occurred inside and
around the cities supply the areas with various
ecosystem servicesfor improving the life-quality of
urban residents (Salbitano et al., 2016).

This study set out with the aim of assessing the
important roles of urban trees in the carbon
sequestration process. Therefore, the combination
of the current results with earlier studies (Mizori,
2010; Saeed et al., 2016), provides some support for
the conceptual premise on the establishment of a
site-specific table for carbon sequestration in
Kurdistan’s urban areas. As can be seen from the
table 3 and figure 4, the quantity of carbon
sequestration by the trees has differed considerably
between species. What is interesting in this data is

that the native Pine in the Kurdistan Region has
been the tree species that most stock the carbon
with an annual average of 44.95 kg. For the other
trees species, the amount of the annual carbon
sequestration, in descending order, were 38.3,
33.93, 22.93, 21.6, 14.958 %, 17 %, 16 %, 5 %, 4 %
in E. camaldulesnsis, Q. aegilops, S alba, C.
sempervirens and M. nigra respectively. The carbon
sequestration data of E. camaldulesnsis and C.
sempervirens has been taken from (Saeed, et al.,
2016) and for Quercusaegilops and Pinus brutia
from Mizori H.S. (2010).

These differences of efficient capacity on carbon
sequestration between tree species can be explained
principally by evolutionary life history strategy,
biological traits (i.e. physic-chemical
characteristics, wood  density,  physiology,
morphology, etc.) and environmental conditions
(Bazzaz & Grace, 1997; Pons et al., 1998; Campioli
et al. 2010; Russo et al. 2014; Youssef, 2011;
Nowak et al. 2013; Yan et al., 2016). One of the
issues that emerges from these findings is the
developing a reasonable future urban green
planning and policy management of the green
spaces in urban areas. However, more research on
the carbon sequestration topic needs to be
undertaken to achieve a global overview of the
urban greening innovation.
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Table (3): Quantifying carbon sequestration of Six Tree species in Duhok Province

Annual
Samples | H(m) | D(cm) Ar'i‘rr]‘;‘:' Sequgrzaﬂon Price () Carbon Arg‘g?'y Annually Price ($)
content (Kg)
Morus 1150 | 19.40 24.0 357.67 28.07704507 | 4.064831073 14.90 117
Salix 11 41 22.0 50442 | 39.59673328 | 6.253728485 22.93 1.80
Eucalyptus | 1350 | 23.15 135 51710 | 40.59267324 | 10.44759259 38.30 3.01
Cupressus | 7.31 | 2175 215 46438 | 36.45361211 | 5.891209302 21.60 1.70
Quercus 12 38 51.0 1730.445 | 135.8399325 | 9.254642042 33.93 2.66
Pinus 19 56.5 104.0 4674715 | 366.9651275 | 12.26009402 44.95 3.53
50 -

40 -

30 A

20

10 +

Pinus Eucalypt Quercus

0 I I I I l .

Salix Morus

Figure (4): Quantifying carbon sequestration of Six Tree species in Duhok Province

3.3. Quantifying CO2 sequestration by volume-
biomassrelationship:

Recently, distinctivemodels have been used to
assess carbon storage estimation by urban tree
species to enhance the management, planning, and
urban forest policies improvement (Pastor et al.,
1984; Birdsey, 1992; Nowak, 1994; Pertram et al.,
2003; Wang, 2006; Nowak et al., 2008; Basuki et
al., 2009; Nowak et al. 2013; Rutishauser et al.,
2013). The approximate carbon storage rate in trees
is typically derived from above-ground biomass by
assuming that 50% of the biomass is made up by
carbon (e.g. Basuki et al., 2009). On the other hand,
the most accurate model to quantify the biomass
oftrees is through the cutting of all tree’sparts and
weighting of their parts (Mizori, 2010; Saeed et al.,
2016). In spite of the accuracy of this method, it is
considered the most destructive model for the
vegetation. Consequently, various non-destructive
approaches had been developed like the allometric
equations to estimate the carbon sequestrationon the
basis of morphological/biophysical measurements
like as DBH and height of the tree (e.g. Clark et al.,
1986; Nowak, 1994; Nowak et al.,, 2008).
Inaddition, the remote sensing technic also had been

developed to directly or indirectly estimate the
carbon storage on the forest over a large areas
(Clark et al., 2001; Wang et al., 2003; Chiesi et al.,
2005; Myeong et al., 2006; Tan et al., 2007).
However, this estimation do not give the true values
of the of carbon storage by the tree species, but
taken as approximate rates that mainly depends on
both environmental conditions bio-characteristic of
the plants. Furthermore, the lack of a species-
specific allometric equation for plants is evident in
urban areas of the Kurdistan Region. Therefore, in
this research, a site-species-specific allometric
equation is developed by establishing the
relationship between tree volume and wood biomass
for some urban trees in Duhok city. This volume-
biomass relationship is based on true values
“destructive method” of biomass quantification (by
the cutting of all tree’s parts).The results obtained
from the linear regression are presented in (figure
5a,b). Interestingly the correlation between tree
volume (dependent variable) and wood dry biomass
(predictor variable) is verystrong. In this context,
the regression analysis can be used to get carbon
sequestration estimation without cutting the trees.
Based on the findings of the research analysis, it has
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indicated astrength rate of relationship between
Morus nigra volume and dry weight with R?= 0.905
(Figure 5a). Moreover, a similar pattern of the
volume-biomass relationship has been found for

Salix alba with R2= 0.946 (Figure 5b); hence, it has
been found that the relationship between volume
and dry weight of this tree species will increase
carbon  storage in  the tree  species.

Table (4): Row data of Relationship between volume and dry weight of Morus nigra

20 -+

Dry Weight (g)
=
wv

Samples Volume Dry weight (g)
1 0.04678 23.51390221
2 0.03018 22.90402576
3 0.02272 14.23899502
4 0.02013 12.77368664
5 0.01659 12.10076888
6 0.01235 8.356379822
7 0.00912 8.154175873
8 0.00746 6.903365659
9 0.00604 6.642733635

total 0.16533 120.3555429
30 1 y = 471.0x + 3.874

2 _

25 + 2 =0.905 *

0 0.01 0.02 0.03 0.04 0.05

Volume

Fig. (5a): lllustration of relationship between volume and dry weight of Morus nigra

Samples Volume Dry weight (g)
1 0.1626 38.11885633
2 0.1393 37.98298491
3 0.1078 27.54192131
4 0.0646 16.40472884
5 0.0279 14.90546675
6 0.0204 11.7578177
7 0.0166 10.15044643
8 0.0131 3.204055543

Total 0.5226 160.0662778
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Table (5): Row data of Relationship between volume and dry weight of Salix alba

50 -
y =212.0x + 5.367
40 - R2=0.946 ¢
30 -
L)
= 20 -
=
2 10 -
>
5 O ’ T T T 1
0 0.05 0.1 0.15 0.2
Volume

Figure (5b): lllustration of relationship between volume and dry weight of Salix alba
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