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ABSTRACT:

Urban trees and forests are essential components of the urban environment. They can provide numerous ecosystem services and
goods, including but not limited to recreational opportunities and aesthetic values, removal of air pollutants, improving air and water
quality, providing shade and cooling effect, reducing energy use, and storage of atmospheric CO2. However, urban trees and forests
have been in danger of being lost by dense housing resulting from population growth in the cities since the 1950s, leading to
increased local temperature, pollution level, and flooding risk. Thus, determining the status of urban trees and forests is necessary for
comprehensive understanding and quantifying the ecosystem services and goods. Tree canopy cover is a relatively quick, easy to
obtain, and cost-effective urban forestry metric broadly used to estimate ecosystem services and goods of the urban forest. This study
aimed to determine urban forest canopy cover areas and monitor the changes between 1984-2015 for the Great Plain Conservation
area (GPCA) that has been declared as a conservation Area (GPCA) in 2017, located on the border of Diizce City (Western Black
Sea Region of Turkey). Although GPCA is a conservation area for agricultural purposes, it consists of the city center with 250,000
population and most settlement areas. A random point sampling approach, the most common sampling approach, was applied to
estimate urban tree canopy cover and their changes over time from historical aerial imageries. Tree canopy cover ranged from 16.0%
to 27.4% within the study period. The changes in urban canopy cover between 1984-1999 and 1999-2015 were statistically
significant, while there was no statistical difference compared to the changes in tree canopy cover between 1984-2015. The result of
the study suggested that an accurate estimate of urban tree canopy cover and monitoring long-term canopy cover changes are
essential to determine the current situation and the trends for the future. It will help city planners and policymakers in decision-

making processes for the future of urban areas.

1. INTRODUCTION

Population growth in urban areas has been increased rapidly.
According to the UN (2018), 55% of the world's population
lives in cities, while the rest live in rural areas. In the 1950s, this
rate was 30% and 70% for urban and rural areas, respectively. It
is also projected that by 2050, 68% of the world population will
be living in the cities. A similar trend has been observed in
Turkey. In 2017, 74% of the population in Turkey lived in the
cities, which is relatively higher than the world average (World
bank 2017). The growth of the population had a significant
direct or indirect impact on land cover change processes. In
particular, the need for infrastructure such as housing,
transportation, educational, and health care facilities destroys
trees, forests, and green areas in, adjacent, or around the cities.
Thus, it results in degradation of the structure, pattern, and
function of the urban ecosystem in and around urban areas
(Nowak 1993, McPherson et al., 2011, Berland 2012, Saglam
and Elvan, 2017).

Urban forest generally refers to all woody vegetation, including
street trees on public and private lands, urban parks, and other
trees located on residential properties, commercial land, and
other lands within a city (Nowak et al., 2010, Berland 2012,
Richardson and Moskal 2014). The urban forest is a significant
component of the urban environment. It provides many benefits
to the human being, including recreational opportunities and
aesthetic values that improve human health and well-being and

increase the value of neighborhoods. They also improve air and
water quality and biodiversity and reduce energy use and
greenhouse gas effect by facilitating the cooling effect. (Dwyer
et al., 1992, Akbari 2002, Konijnendijk and Randrup 2004,
Nowak et al., 2006, Nowak et al., 2010, Berland 2012,
Richardson and Moskal 2014, Pasher et al., 2014, Safford et al.,
2013, Parmehr et al., 2016, Kaspar et al., 2017).

Urban forestry has been defined as the artistic, technological,
and scientific management of trees and tree communities in or
around the city (Jorgensen,1974, Miller 1997, Konijnendijk et
al., 2006). The concept of urban forestry may vary depending
on the forestry practices countries apply and the presence of
their forests. However, the most significant difference in urban
forestry between countries arises from the areas considered as
urban forests. In some countries (i.e., U.S.A., Canada, China,
and most countries in Europe), regardless of the ownership, a
single tree within a settlement area, trees on the roadsides, a
single tree or small groups of trees in park and gardens are
considered as an urban forest (Raundrup et al., 2005,
Konijnendijk et al., 2006, Saglam and Ozkan 2011, FAO 2017).
In other countries (such as Turkey), only state forests in or
around the city, which provide aesthetic, psychological,
economic, supportive, and sociological benefits to the society,
are counted as urban forests. Still, a single tree in settlement
areas is not considered as an urban forest (MYY 2006, Yesil et
al., 2010, Saglam and Ozkan 2011, Saglam and Elvan 2017).
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Ecosystem services provided by urban forests in the city are
directly related to the area covered by tree canopy, the ratio of
the area covered by the crown of the tree (leaves, branches, and
trunk) when viewed from above, and generally estimated as a
percentage. It is a simple, well-known, and most often used
metric to measure urban forest coverage (Nowak and Greenfield
2012, Berland 2012, Richardson and Moskal 2014, Grove et al.,
2006, Doick et al., 2020). Some cities integrated this metric into
management plans and policies, such as the city of Los Angeles,
CA, USA. First, tree canopy cover was assessed for Los
Angeles then the capacity of the city was determined to plant an
additional one million trees (McPherson et al., 2011). An
accurate estimate of urban tree canopy cover is essential for
urban forest management plans and policies within a city to help
maintain and improve ecosystem services and quality of life
(Nowak et al., 2013). Thus, even a single tree needs to be taken
into account while quantifying urban forest within a city.

With technological advancement, remote sensing technology,
which offers various data sources (LiDAR, high-resolution
multi-band satellite images, etc.), along with different
approaches, have been used to map and estimate tree canopy
cover in recent years. However, these data sources and methods
have some limitations, such as the availability of images only
for a short time ago or the price of the data, in estimating urban
tree canopy cover and monitoring its long-term change. The
aerial photo-interpretation-based sampling method is the most
common method used to assess the tree canopy cover and
monitor its temporal changes (Nowak et al., 1996, Walton et al.,
2008, Doick et al., 2020). There are many studies have been
conducted using aerial photo interpretation-based sampling
methods in assessing urban forest tree canopy cover (Nowak et
al. 1996, Walton et al. 2008, Nowak and Greenfield 2012,
Merry et al. 2014, Ucar et al. 2016, Doick et al. 2020) and land-
use land cover classification change (Corona et al. 2007, Nowak
and Greenfield 2010, Nowak and Greenfield 2012). It has been
proved that this method is practical and economical compared
to field-based sampling and remote sensing-based classification,
and the results of the studies showed similarities with field
measurement and remote sensing-based classification methods
(Walton et al. 2008)

Several sampling approaches have been developed to estimate
tree canopy cover and monitor its temporal changes accurately.
Random point-based sampling is the most known and widely
used sampling approach in urban tree canopy cover assessment.
In this method, random points are located within the study area
boundary, then are classified from aerial photo interpretation
whether falling on a tree crown or not falling on a tree crown
(2/0 or yes/no). For instance, Nowak and Greenfield (2012)
used the random point sampling approach to assess tree cover
change for 20 cities in the USA over a five-year period. Merry
et al. (2014) also used the same method to assess urban tree
cover change between 1951-2010 for two big cities of the USA.
Likewise, Doick et al. (2020) applied a random point sampling
method to assess the historical urban tree canopy cover of Great
Britain. In our study, the main objective is to evaluate the
definition of urban forestry in Turkey and then apply the most
common methods to assess urban tree canopy cover between
1984 and 2015 for the case of Duzce city.

2. MATERIAL AND METHODS
2.1 Study area

The selected study area is located in the western Black Sea
Region of Turkey and around 230 km east of Istanbul. Diizce

city is relatively flat and surrounded by mountains. The
elevation of the city ranges from 100 m to 1800 m. About 50%
of the city is covered with forest, which is mainly in the
mountains. The flat includes Diizce Great Plain, mainly
composed of alluvial soil and classified as fertile agricultural
lands. Since the 19th century, Dlzce city has always had a
dynamic structure and faced immigration issues due to the
geographical location, is located on a transit route, and being
close to metropolitan areas (Istanbul, Ankara, and Bursa). In
particular, rapid industrialization, terror incidents (in the 1980s)
in the eastern part of the country, and natural disasters
(earthquake in 1999) have accelerated urbanization in Dizce
city. Hence, agricultural and forested areas have resulted in
converting into settlement areas in the Diizce Great Plain. In
2017, Duzce Great Plain, which consists of the city center with
a population of about 250,000 (about 63% of the total
population of the city), and most settlement areas of the entire
Dizce city, was declared as a conservation area in order to
reduce urbanization impacts and to protect fertile agricultural
lands and forested areas due to population increase (Figure 1).
Since then, no other settlement has not allowed within the
boundary of the DUzce Great Plain Conservation area (GPCA).
Thus, the GPCA boundary was used as a study area to
understand how urban tree cover change over time due to urban
expansion.

Black Sea

g "_ N u«.b}?x o “#’.‘f‘
Figure 1. Study area - the boundary of Diizce Great Plain
Conservation area (GPCA)

2.2 Methods

In this study, aerial photography from 1984, 1999, and 2015
was used to compare differences in urban tree canopy cover
within GPCA, including Diizcev city center. For 2015, a digital
orthophoto, acquired from the General Directorate of Mapping
(HGM), was used for the analysis. It is available as a natural
color image with 30 cm spatial resolution. Individual aerial
photographs were obtained from the General Directorate of
Mapping (HGM) for 1984 and 1999 with a scale of 1/16000 and
1/35000, respectively. Each of the photos was georectified using
the orthophotos from 1994 and 2011 as a reference. In the
georectification processes, 150-200 reference points were taken
for each photo to have lower RMSE, meaning a better-
georeferenced image.

Random point sampling approach was employed for tree canopy
cover estimation. 1000 random points were located within the
boundary of GPCA. Minimum samples were suggested as 100
points per class by Congalton and Green (2009) for a large area,
but our sample size, 1000 points, go beyond the minimum
requirements. Also, our sample size is similar to recent studies
that been employed random point sampling, and i-Tree,
developed by U.S. Forest Service, suggesting 500-1000 random
points to estimate urban canopy cover (Nowak ve Greenfield
2012, Merry vd. 2014, Ucar et al. 2016).
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In this study, the random points generator in ArcGIS was used
to create the random points. After laying points on in the same
geographic position on sets of aerial photographs (from 1986,
1999, and 2015), they were manually interpreted to determine
whether the location of each point fell onto a tree crown (1) or
did not fall onto tree crown (0). A paired image interpretation
was conducted (interpreter classified each point by contrasting
and classifying the image points in sequence, starting from most
recent images to the oldest images) (Nowak and Greenfield
2012, Merry et al. 2014). The percent of tree canopy cover (p)
was estimated by dividing the number of the sample points (x)
interpreted as the presence of tree crown by the total number of
sample points (n) within the GPCA boundary for each year
(p=x/n). Then, the standard error of the estimate (SE) was
calculated from equation (p(1-p)/n)®® (Lindren and McElrath
1969, Nowak ve Greenfield 2012). A 95% confidence interval
was set and calculated using the standard error (Thompson
2002). McNemar's test, a non-parametric test used on nominal
data, was used to determine whether observed changes in
canopy coverage are statistically significant (Sokal and Rohlf,
2003). The chi-squared value provided by the test is compared
against a p-value for statistical significance. If the p <0.05
canopy cover between the years is considered as significantly
different.

3. RESULTS

Based on the re-definition of urban forestry, the urban tree
canopy cover of GPCA in Duzce was evaluated between 1984-
2015 by using a random point sampling approach in this study.
Tree canopy cover ranged from 16.0% to 27.4% within the
study period (Table 1). We estimated that 16.2% (43.9 km2) of
the land within the boundary of GPCA was covered trees in
1984, 27.4% (74.2 km2) was covered with trees in 1999, and
16.0% (43.3 km2) was covered with trees in 2015. The standard
errors used for the confidence interval were the same (1.2%) for
1984 and 2015, and the resulting confidence interval was [13.7-
18.3%] and [13.9-18.5%] for 1984, 2015, respectively. SE
employed for the Cl was 1.4% in 1999, slightly higher than
other periods. Hence, 95% of the Cl was [24.6 - 30.2%], not
overlapping with CI in 1984 and 2015. Also, statistical test
(McNemar's test) results showed that the changes in tree canopy
cover from 1984 to 1999 and from 1999 to 2015 were
statistically significant (p<0.05). However, when compared
1984 to 2015, tree canopy cover changes were significantly
different (p>0.05).

4. Tree canopy in 1984 - Not tree canopy in 1999
5. Tree canopy in 1984 - Not tree canopy in 2015
6. Tree canopy in 1999 -Not tree canopy in 2015

7. Not tree canopy in 1984 - Tree canopy in 1999
8. Not tree canopy in 1984 - Tree canopy in 2015
9. Not tree canopy in 1999 - Tree canopy in 2015

10. Not tree canopy in 1984 - Not tree canopy in 1999
11. Not tree canopy in 1984 - Not tree canopy in 2015
12. Not tree canopy in 1999 - Not tree canopy in 2015

In the examination of transition between 1984 and 1999, only
about 10.9% of the sampled land area was covered with trees
during both periods (Table 2). 5.3% of sample land was covered
trees in 1984 but was not covered in 1999. About 16.5% of
sampled land was not covered with trees in 1984 yet was
covered in 1999. When examining the transition from 1999 to
2015, about 11.2% of the sampled land area was covered for
both periods. However, about 16.2% of tree canopy cover in
1999 was not tree canopy in 2015. Only about 4.8% of sampled
land was not covered by the tree in 1999 yet was covered in
2015. In the transition of tree cover between 1984 and 2015, For
both periods, only about 6.4% of sampled land was covered
with trees. About 9.8% of sampled land was covered with trees
in 1984 but was not covered in 2015. 9.6% of sampled land was
not covered with trees in 1984, while it was covered in 2015.

Estimated Standard %95

Canopy Area Error Confidence
Year Cover (%) (km?) (%) Interval (%)
1984 16.2 43.9 1.2 13.7-183
1999 27.4 74.2 1.4 24.6-30.2
2015 16.0 433 1.2 13.9-185

1999
Tree
1984 (%) Not tree (%)  Total (%)
Tree (%) 10.9 5.3 16.2
Not tree (%) 16.5 67.3 83.8
Total (%) 274 72.6 100
2015
Tree
1984 (%) Not tree (%)  Total (%)
Tree (%) 6.4 9.8 16.2
Not tree (%) 9.6 74.2 83.8
Total (%) 16.0 84.0 100
2015
Tree
1999 (%) Not tree (%)  Total (%)
Tree (%) 11.2 16.2 274
Not tree (%) 4.8 67.8 72.6
Total (%) 16.0 84.0 100

Table 1. Summary statistic of assessed urban tree canopy cover
with the random point sampling approach within GPCA

Also, the transitions in tree canopy cover between periods were
examined within GPCA by following cases (Merry et al., 2014):

1. Tree canopy in 1984 -Tree canopy in 1999
2. Tree canopy in 1984 -Tree canopy in 2015
3. Tree canopy in 1999 -Tree canopy in 2015

Table 2. Urban tree canopy cover transitions between years.

4. DISCUSSION AND CONCLUSION

In this study, our finding showed that the overall estimated
urban tree canopy cover in GPCA, Diizce changed between
1984 and 2015. Urban tree canopy cover increased from 16.2%
in 1984 to 27. 4% in 1999 while tree canopy covered decreased
to 16.0% in 2015. A recent study conducted by Nowak and
Greenfield (2020) showed that the average global urban tree
canopy cover was 26.5%, but this rate can be changed among
biomes regions (forest, grassland, desert, rock/Ice/Tundra) and
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countries. Our study area is mainly used for agricultural
purposes. The findings for tree canopy cover of agricultural land
cover in forest and grassland regimes are comparable to recent
estimates of Nowak and Greenfield (2020). Also, differences in
urban canopy cover between 1984-1999 and 1999-2015 were
statistically significant. However, there was no statistical
difference in comparing the changes in tree canopy cover from
the beginning of the study period to the end of the study period.

Both total urban tree canopy cover and its geographic
distribution over the study period have changed. In particular,
the transition from tree cover to no tree cover, from not tree
cover to tree cover or remaining in same conditions within each
period, showed quite differences. The reasons for the
distribution and extent of urban canopy cover change in the
study area are mainly related to the introduction of poplar tree
plantation and urban development. Poplar, a fast-growing
species, was introduced to Turkey in 1962 as a result of an
agreement between the Turkish Government and FAO to meet
wood production demands (Velioglu and Akgil 2012).
Although poplar tree plantation is considered an urban forest,
compared to hazelnut farm (in a shrub from), FAO suggested
that if 5% of the total agricultural land is used for poplar
plantation, there will be no harm to agricultural land (Atilgan,
1997). In visual comparison, it can be clearly seen that mostly
agricultural lands are converted into poplar tree plantations
(Figure 2). Thus, an increase in canopy cover was observed in
1999. Hence, in addition to two cover classes (tree-not tree),
more land cover classes such as impervious surface, grassland,
poplar plantation, or hazelnut farm can be used to clearly
address the transition of canopy cover and urbanization over the
years.

Figure 2. Example of canopy cover transition for the periods
(1984 -upper left, 1999 -upper right, and 2015 -bottom)

In some respect, the use of aerial photographs with a random
sampling approach for urban tree canopy cover assessment
offers a relatively accurate, cost and time-effective alternative
compared to the traditional ground sampling approach.
However, it may be challenging to interpret urban trees on
vertical imagery due to spectral separability between trees and
near features, shadows of the crown, and other objects. In
addition, the factors, including combined effects of

misregistration, topographic displacement, minor
georeferencing problems, parallax, and other image processing
problems, could bring bias or error into our findings (Merry et
al., 2014, Ucar et al., 2016). Given a large enough sample size
(1000 sample points providing a SE less than the suggested
maximum standard error of 1.6%) could reduce the effect of
these factors and the error.

Urban trees provide many benefits to society, but the amount of
urban tree cover in cities may vary globally based on the
definition of the urban forest. For this study, regarding the
traditional definition of the urban forest in Turkey, even a single
tree within a city boundary is considered for the definition of
urban forestry. Urban tree canopy cover was assessed using a
random sampling point approach within the boundary of GPCA,
which is heavily populated. The changes in canopy cover were
estimated from 1984 to 2015. The result of the study showed
that the urban canopy cover was increased from 16.2% in 1980
to 27.4% in 1999 (the change was statistically significant) while
it was decreased between 1999 and 2015 (the change was
statistically significant). Although the estimated urban tree
canopy cover in 1984 was relatively similar to the estimated
urban tree canopy cover in 2015 (the changes not statistically
significant), the transition from tree canopy to not canopy
classes can be observed. As the human population increase,
urban development will put on pressure on natural resources. In
particular, forest and agricultural areas will convert into urban
areas, and their associated benefits will not be maintained. Thus,
an accurate estimate of urban tree canopy cover and monitoring
long-term canopy cover changes are essential to determine the
current situation and the trends for the future. It will be helpful
for urban forest management plans and policies within a city to
help maintain and improve ecosystem services and quality of
life. Photo-interpretation of aerial images with the random
sampling approach is simple, time and cost-effective to assess
urban tree cover and monitor the changes.
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