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Abstract There is an urgent need to obtain an accurate data
on biological diversity and its temporal variation, in order to
adopt an appropriate protection strategy to manage the urban
forest remnants on sustainable manner for future generations.
RapidEye Satellite images with spatial resolution of 5 × 5 m
(orthorectified pixel size), ASTERVNIR images with spatial
resolution of 15 × 15 m and Landsat-8 OLI images with spa-
tial resolution of 30 × 30 m were used to evaluate the woody
species diversity in urban forest remnants. Pearson
Correlation Coefficient (PCC) was used to determine the re-
lationships between the woody species diversity at Alpha (α)
level and the spectral & texture properties derived from the
satellite images. PCC test showed a positive significant rela-
tionship between the brightness of the RapidEye satellite im-
age (i.e., Atmospherically Resistant Vegetation Index; ARVI)
and the Simpson’s Diversity Index (S) (r = 0.80, p < 0.01). In
order to also estimate the beta (β) diversity in the study, the
relationship between species rarefaction curves and spectral
rarefaction curves was calculated through multiple regression
analysis i.e., Landsat NDVI, ASTER NDVI and RapidEye
NDVI (respectively, R2 = 0.99; 0.99; 0.98, p < 0.01). The
findings of the study revealed that satellite image with a res-
olution of 5 m would be more appropriate to estimate the
woody species diversity of urban forest remnants. However,
medium resolution satellite images (Landsat) may be used to

examine the species rarefaction curve and β diversity in forest
remnants.
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Introduction

Urban forest remnants are an isolated patches of woody/tree
vegetation which grows within city or town such as parks,
wooded buffers, greenways etc. (Forman 2014). These rem-
nants had formed due to the destruction of forests as a result of
intensive urbanization. These areas may vary in shape, size
and vegetation species diversity (McKinney 2002; Petr et al.
2004) and provide several goods (bye products) and services
to the society (Asan et al. 2007; Sander et al. 2010). Now a
day, protection of biological diversity, recreation and esthetic
services are more important in urban forest remnants
(Tyrväinen et al. 2005; Kark and Dearborn 2009). The urban
forests have a rich diversity of plant species since they are not
managed (Bagnall 1979; McKinney 2002; Petr et al. 2004).
Furthermore, they contribute to the protection of the biological
diversity by accommodating food, shelter, concealment and
nest for a great number of animal species (Mansfield et al.
2005; Tyrväinen et al. 2005). Urban forest remnants are sig-
nificant spaces where people learn about the nature within the
heart of cities. People may enjoy aesthetic beauty, an ideal
place for recreation, exercising, and trekking at the free of cost
and due to easy access (Konijnendijk 2005; Tyrväinen et al.
2005; Kong et al. 2007).

Even though urban forest remnants are highly important,
but unfortunately facing various threats such as air pollution,
intensive utilization, excessive use of recreational activities,
and illegal logging. These factors directly or indirectly altered
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the vegetation structure and species composition and also pro-
ductivity. Therefore, efforts in recent years are increasing to
protect the biological diversity in urban forest remnants
(Alvey 2006; Kark and Dearborn 2009). It is very challenging
to make such an evaluation by taking account of all compo-
nents of biological diversity. Species diversity is the main
component in the evaluation of biological diversity
(Rocchini et al. 2004). The most accurate way of collecting
the data needed to evaluate the biological diversity is taking
the inventory based on intensive terrestrial measures.
However, this is a labor-intensive process, expensive and time
consuming (Gillespie et al. 2008; Mutowo and Murwira
2012). In practice, the inventory can be taken only for a small
portion of the planning area due to the lack of resources and
time (Luoto et al. 2002). Therefore, it is critically important to
evaluate rapidly and monitor the spatial distribution and tem-
poral variation in biological diversity in order to decide on the
appropriate protection strategies (Nagendra 2001; Moser et al.
2002; Singh et al. 2010; Varghese, et al. 2010).

Satellite images have a great potential as a source of infor-
mation to monitor the biological diversity at local, regional
and national scales at species level (Luoto et al. 2002;
Rocchini et al. 2007; Gillespie et al. 2008; Singh et al. 2010;
Adam et al. 2012). There have been efforts to determine the
species diversity through remotely sensed data (Bawa et al.
2002; Fairbank and McGwire 2004; Rocchini et al. 2004;
Cayuela et al. 2006; Rocchini 2007; Levin et al. 2007;
Oldeland et al. 2010). These studies usually focused on the
relationships between the spectral values and the species di-
versity in the plots (α diversity). Besides, the species rarefac-
tion function relying on dissimilarities in species between the
plots (β diversity) was adapted by some researchers to the
spectral rarefaction function relying on spectral difference
(Rocchini et al. 2005; Rocchini et al. 2007; Rocchini et al.
2009; Rocchini et al. 2011). These studies explored the ways
of estimating β diversity with the help of the spectral rarefac-
tion curve derived from the presence/absence matrix created
based on presence/absence of each Digital Numbers (DNs) in
the plots. They were conducted mainly in natural forests,
whereas they did not explore adequately the possibility of
using satellite images to evaluate the species diversity in the
urban forest remnants.

In recent years, there has been a great interest in the texture
properties of the image (spatial orders of pixels) for natural
resource applications of image analysis (Ozdemir et al. 2008;
Kim et al. 2011; Ozdemir and Karnieli, 2011; Ardila et al.
2012; Ozdemir and Donoghue 2013; Dian et al. 2015).
These studies reported that there are relations between textural
properties and structural heterogeneity of the forest. However,
the relationship between the species diversity and the texture
properties of images has not been evaluated extensively yet. In
studies related to species diversity, the alignment between the
size of the object and the spatial resolution of the satellite

image is very important. The use of a satellite image with a
coarser resolution compared to the size of the object may
conceal the actual spatial heterogeneity and lead to the under-
estimation of species diversity (Rocchini et al. 2011). Mixed
pixels constitute the most important problem encountered in
using the satellite images for urban forest remnants as they
contain rich species diversity (Hung 2002). For that reason,
it is important to compare the satellite images of different
spatial resolution in order to decide on the optimal spatial
resolution in evaluating the species diversity in urban forest
remnants.

This study aimed at exploring the possibilities to evaluate
the woody species diversity in urban forest remnants by using
satellite images of different spatial resolution. To this end, the
relationships between the α diversity calculated by using ter-
restrial measures and observations and the spectral & texture
properties measured on satellite images were evaluated. Then,
it was tested whether or not β diversity can be estimated in
urban forest remnants by using spectral rarefaction function.

Materials and Methods

Study Area

The study area covers the urban forest remnants in Istanbul
that has the most crowded city in Turkey with a population of
around 15 million people. The urban forest remnants both in
the European side and the Asian side of Istanbul are located at
altitudes starting from sea level up to 250 m (Fig. 1). Formerly
being natural forests, these forest remnants have been pre-
served and survived until today while the species diversity
has been enriched through planting of new plant species
(Asan et al. 2007). Residents of Istanbul use these areas for
recreation, sports, and education purpose.

Field Data

The study site was divided into square grids of 90 × 90m. The
focus of the study was comprised of the woody species diver-
sity. Therefore, 35 square grids that did not contain man-made
objects were selected as sampling units. Since, the urban forest
remnants were rich in woody species diversity, the sampling
units were further divided into sub-plots. The circular plots of
a fixed size (400 m2) were positioned on four corners and one
in the center of the sampling units. In this way, the sampling
patter consisted of 35 sampling units and 175 sub-plots. The
center of the plots was founded on the land with the help of
GPS and applied to the land with a laser. The woody species
diversity in the plots of 400 m2 and the number of species
were recorded in the inventory. The field study was performed
between August 2014 and November 2014.
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Satellite Data

A RapidEye image with 6.5 m spatial resolution (5 m-
orthorectified pixel size), ASTER image with 15 m spatial
resolution and Landsat-8 OLI image with 30 m spatial resolu-
tion were used in the study. The radiometric resolution of the
RapidEye image is 12 bits and has 5 bands (Blue 440–510 nm;
Green 520–590 nm; Red 630–685 nm; Red Edge 690–730 nm;
Near Infrared 760–850 nm). ASTER image has a radiometric
resolution of 8 bits and 3 bands in the Visible, Near Infrared
(VNIR) (Green 0.52–0.60 μm, Red 0.63–0.69 μm, Near
Infrared 0.76–0.86 μm). The Landsat 8 image that acquires
images in the range of visible, near infrared, short wave infrared
and thermal infrared has 5 bands in the Visible, Near Infrared
(Coastal 0.433–0.453 μm, Blue 0.450–0.515 μm, Green
0.525–0.600 μm, Red 0.630–0.680, Near Infrared 0.845–
0.885 μm). It has 12 bits radiometric resolution. RapidEye
and ASTER images were obtained on 02 July 2014, while
Landsat-8 image was obtained 30 June 2013.

In order to providemore detailed data regarding the areas that
were covered with vegetation in multi-channel images, vegeta-
tion indexes were developed by using the original bands (Jensen
and Lulla 1996). Four vegetation indexes (Atmospherically
Resistant Vegetation Index-ARVI; Difference Vegetation
Index-DVI; Infrared Percentage Vegetation Index-IPVI;
Normalized Difference Vegetation Index-NDVI) were produced
in the study in order to evaluate their potential for the evaluation
of woody species diversity (Table 1).

Calculation of Spectral & Textural Properties

In the study, the texture properties were determined in addition
to the spectral properties by using satellite images (Table 2).

The Brightness of the pixels in each image window corre-
sponding to the sampling units were taken into account as
the spectral properties. Texture properties were calculated ac-
cording toGrey Level Co-occurrenceMatrix (GLCM). A large
number of texture properties can be determined through
GLCM. They are categorized under three main groups
(Haralick et al. 1973). Those texture properties that are in
the same group have high correlation with one another; there-
fore, one property from each group may suffice. Accordingly;
BContrast^ from the contrast group; BEntropy^ from the reg-
ularity group, and BCorrelation^ from the statistics group
were used in the study. Spectral & texture properties were
identified separately for the original bands of the satellite im-
ages or each set of data based on the original bands.

Alpha (α) Diversity

In the study, α diversity was represented by Species Richness,
Shannon-Wiener Diversity Index (Shannon and Weaver
1949), Simpson’s (Simpson 1949) Diversity Index and
Species Mingling Index (Gadow and Hui 2002) (Table 3).
Species Richness refers to the total number of the sampled
species in the area and it is acknowledged as the simplest
indicator of biological diversity (Battles et al. 2001;
Rocchini et al. 2005). Shannon-Wiener Index combines both
number of species and their evenness into a single measure.
Simpson’s Index is a dominance index that differently assigns
weight to common or dominant species. The main principle of
the Species Mingling Index is based on the neighborhood of
the four closest trees to the reference tree.

For each sampling unit, the correlation analysis was ap-
plied to test whether, there is a significant association between
the α diversity or not by taking the average of the species

Fig. 1 Geographical location of the study site
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Table 1 Vegetation indexes
obtained from the satellite images RapidEye ASTER Landsat-8 ETM Equation Author

ARVI ARVI
NIR�rb
NIRþrb

Kaufman and Tanre 1992

DVI DVI DVI NIR - RED Tucker 1979

IPVI IPVI IPVI NIR
NIRþRED

Crippen 1990

NDVI NDVI NDVI NIR�RED
NIRþRED

Rouse et al. 1974
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diversity measured in the sub-plots and the spectral & texture
properties obtained from the satellite images. The Pearson
correlation coefficient (PCC) was used to evaluate the associ-
ation. PCC can be used when the data had a normal or near-
normal distribution. Shapiro-Wilk method was used to test
whether or not all variables had a normal distribution. When
P > 0,05, the variable in question was considered to have a
normal distribution (Kalaycı 2006; Kayitakire et al. 2006).
The work flow used to identify the alpha diversity and asso-
ciate it with the image properties is presented in Fig. 2.

Beta (β) Diversity

β diversity was calculated by using the rarefaction func-
tion. To this end, first of all rarefaction analysis was
applied to obtain the values of the actual species diver-
sity from the plots and the rarefaction curve was
modeled depending on the presence and absence of
the species in the plots. Taking into account of the

approach proposed by Rocchini et al. (2009); the mini-
mum accumulated number of species was taken as av-
erage alpha (ᾱ) diversity while the maximum accumu-
lated number of species was taken as gamma ( ) diver-
sity based on the rarefaction curve. The actual β diver-
sity (βreal) was calculated as the difference between
and ᾱ. Then, the same procedure was applied to the
brightness obtained from the satellite images and the
spectral rarefaction curves were created.

In order to estimate the β diversity with the help of the
image brightness values, the relationship between the species
rarefaction values and the spectral rarefaction values was test-
ed through employing the multiple regression models. The
stepwise selection procedure was applied to develop a model.
With the help of the most compatible models, the species
rarefaction curves were remodeled, based on which the esti-
mated β diversity (βest) values were found. Βest values and
βreal values were compared on the basis of three satellite im-
ages. There is a need for data from one band in order to model
the rarefaction curves. Previous studies preferred PCA or
NDVI (Rocchini et al., 2009, 2011). As we used satellite im-
ages with different number of bands in our study, it was de-
cided to use NDVI image in order to ensure a standard be-
tween hem. Rarefaction functions were calculated based on
500 iterations through EstimateS (Version 9.1.0) software.
The work flow, followed in the analysis of rarefaction is pre-
sented in Fig. 2.

Table 2 Spectral & textural properties used in the study

Image Properties Equation*

Average brightness
value

1
#Pv

∑
i; jð Þ∈P

Ck i; jð Þ

GLCM Contrast

∑
N�1

i; j¼0
Pi; j i� jð Þ2

GLCM Entropy

∑
N�1

i; j¼0
Pi; j �lnPi; j

� �

GLCM Correlation

∑
N�1

i; j¼0
Pi; j

i�μið Þ j�μ jð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðσi2Þðσ j

2Þ
p

" #

*Parameters (Definiens 2006)

i is the row number; j is the column number; Pv is the cluster of pixels of
the image object; # Pv is the total number of current pixels in Pv; (i,j) is the
coordinates of pixels; ck(i,j) is the pixel value; Pi,j is the normalized value
in the cell i, j; N is the number of columns and rows; μi and μj represent
the average of the row i and column j; σi and σj represent the standard
deviation of the row i and column j.

Table 3 Indicators of alpha diversity used in the study

Diversity Indicators Equation

Species Richness SR = N

Shannon-Wiener Diversity Index H' = -∑pi ln (pi)
Simpson’s Diversity Index S = 1 -∑ni(ni - 1)/N(N - 1)

Species Mingling Index

MIi ¼ 1
4 ∑

4

J¼1
V ij

ni is the number of individuals in species i, N: is the total number of
individuals in the community, Pi = is the proportion of each species in
the sample, lnPi = natural logarithm of this proportion, V- 1 if reference
tree i and neighbor j are of different tree species; 0 otherwise,



Results

Relationships Between Alpha Diversity
and Satellite-Based Variables

The relationship between alpha diversity and the spectral &
texture properties of the image was observed to be linear or
near-linear; therefore, the relationship between the image
properties and the indicators of α diversity was evaluated
through PCC. Statistically significant relationships were
found between diversity indicators calculated on the basis of
terrestrial measures and the spectral & texture properties ob-
tained from the satellite images. To sum up, the Brightness
derived from the red band of RapidEye image had a statisti-
cally significant relationship with S (Table 4). The Brightness
derived from the near infrared band showed a significant re-
lationship with S and MI. Moreover, the Brightness derived
from NDVI and ARVI were associated with all the diversity
indicators. ARVI Brightness had the strongest relationship
with S and H′ (r = 0.80 and 0.75 p < 0.01). Apart from the
spectral values, the texture properties obtained fromRapidEye
image were observed to have significant relationships with the
diversity indicators. Among the texture properties, GLCM
Contrast had a significant relationship with SR in the red band
and vegetation indexes. In contrast, the relationship between
theGLCMContrast andMI, S andH′was, in general, weak on
all bands.GLCMCorrelation had a significant relationship, in
general, with SR; whereas the relationship betweenMI, S and
H′ and GLCM Correlation was observed to be weak on all
bands. Besides, GLCM Entropy also had a statistically

significant relationship with SR on the red band. Among the
texture properties, the strongest relationship was observed to
be between the GLCM Contrast derived from IPVI and SR
(r = 0.57, p < 0.01).

The strongest relationship between the image properties
derived from ASTER image and indicators of α diversity
was observed between the Brightness derived from NDVI
and S (r = 0.55, p < 0.01) (Table 5). It was understood that
the Brightness derived from the vegetation indexes other than
NDVI had, in general, significant relationships with S, H′ and
MI. Furthermore, significant relationships were found be-
tween the Brightness and S in the red band, and between the
Brightness and S andMI on the near infrared band. The stron-
gest relationship between the texture properties and the diver-
sity indicators was found between the GLCM Contrast de-
rived from the red band and SR (r = 0.56, p < 0.01).
Furthermore, the GLCM Contrast on green and red bands
highlight a significant relationships with H′, S, MI and SR.
The original bands of ASTER image and GLCM Entropy
obtained from the vegetation indexes were, in general, asso-
ciated with all diversity indicators. The relationship between
the GLCM Entropy derived from DVI and SR was calculated
as r = 0.56 (p < 0.01). As another texture property, GLCM
Correlation in all vegetation indexes had, in general, signifi-
cant relationships with all diversity indicators.

The Brightness derived from the coastal and red bands of
Landsat-8 with a spatial resolution of 30 × 30 m had signifi-
cant relationships with SR and S (Table 6). The Brightness
derived from the vegetation indexes, however, were observed
to have significant relationships with S and MI. Only the

Fig. 2 Flow chart of the
methodology applied
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GLCM Correlation out of the texture properties that were
derived from the red band had a significant relationship with
SR. Apart from this, the texture properties derived from the
original bands of Landsat-8 satellite image and vegetation
indexes had very weak relationships with H′, S, MI and SR.
The strongest relation between the image properties of

Landsat-8 and indicators of α diversity was found between
the Brightness derived from NDVI and S (r = 0.50, p < 0.01).

Modeling Species Rarefaction Curves based on Spectral
Rarefaction Curves

The species and spectral rarefaction curves modeled as a
result of the rarefaction analysis in the study are presented in

Table 4 Pearson correlation coefficients between spectral & texture features and indicators of α diversity (RapidEye)

Band 1 Band 2 Band 3 Band 4 Band5 ARVI DVI IPVI NDVI

Brightness SR 0346* 0272 −0150 0,399* 0,288 0,669* −0,004 −0,098 0,333

MI −0,100 −0,187 −0,349* 0,013 0,469** 0,674** 0,296 0,227 0,511**

H′ 0,006 −0,116 −0,336* 0,061 0,381* 0,744** 0,163 0,089 0,476**

S −0,191 −0,288 −0,503** −0,054 0,503** 0,798** 0,336 0,274 0,625**

GLCM Contrast SR −0,352* −0,103 −0,422* −0,107 −0,209 −0.43** −0,392* −0,568** −0,494**
MI 0,009 0,165 0,004 0,161 0,119 −0,191 −0,140 −0,276 −0,216
H′ 0,005 0,184 −0,071 0,148 0,027 −0,210 −0,184 −0,362* −0,260
S 0,130 0,215 0,032 0,172 0,026 −0,177 −0,208 −0,336* −0,202

GLCM Entropy SR −0,316 −0,303 −0,424* −0,210 0,099 −0,326 −0,053 −0,229 −0,370*
MI −0,095 −0,003 −0,095 −0,029 0,363* −0,094 0,227 −0,035 −0,113
H′ −0,063 −0,007 −0,111 0,008 0,362* −0,072 0,262 −0,008 −0,108
S 0,011 0,059 −0,024 0,046 0,382* −0,032 0,255 0,016 −0,051

GLCM Correlation SR 0,312 0,052 0,313 0,122 0,285 0,422** 0,445** 0,553** 0,495**

MI 0,028 −0,100 0,055 −0,106 −0,010 0,175 0,206 0,253 0,208

H′ 0,071 −0,094 0,135 −0,084 0,064 0,231 0,276 0,357* 0,290

S −0,025 −0,078 0,066 −0,069 0,073 0,216 0,305 0,331 0,242

*Correlation is significant at the 0,05 level (2-tailed)

**Correlation is significant at the 0,01 level (2-tailed)

Table 5 Pearson correlation
coefficients between spectral &
texture features and indicators of
α diversity (ASTER)

Band 1 Band 2 Band 3 DVI IPVI NDVI

Brightness SR 0,169 0,312 0,176 0,155 0,179 0,179

MI −0,247 −0,339* 0,407* 0,432** 0,468** 0,468**

H′ −0,226 −0,298 0,302 0,337* 0,384* 0,385*

S −0,363* −0,470** 0,434** 0,499** 0,549** 0,549**

GLCM Contrast SR −0,265 −0,562** −0,099 −0,292 −0,347* −0,330
MI −0,421* −0,288 −0,007 −0,214 −0,334 −0,306
H′ −0,406* −0,417* −0,032 −0,242 −0,353* −0,328
S −0,418* −0,274 −0,041 −0,229 −0,343* −0,316

GLCM Entropy SR 0,140 0,406* 0,442** 0,655** 0,560** 0,538**

MI −0,059 −0,022 0,028 0,326 0,275 0,327

H′ 0,001 0,082 0,149 0,430** 0,437** 0,473**

S −0,005 −0,106 0,085 0,332 0,334 0,379*

GLCM Correlation SR 0,330 0,378* 0,146 0,407* 0,441** 0,421*

MI 0,221 0,347* 0,033 0,275 0,330 0,382*

H′ 0,295 0,392* 0,053 0,355* 0,402* 0,443**

S 0,267 0,328 0,021 0,318 0,369* 0,414*

*Correlation is significant at the 0,05 level (2-tailed)

**Correlation is significant at the 0,01 level (2-tailed)
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Fig. 3 Species and spectral rarefaction curves

Table 6 Pearson correlation coefficients between spectral & texture features and indicators of α diversity (Landsat-8)

Band 1 Band 2 Band 3 Band 4 Band5 Band6 ARVI DVI IPVI NDVI

Brightness SR 0,402* 0,312 0,176 0,074 0,067 0,192 0,095 0,051 0,116 0,116

MI −0,178 −0,161 −0,256 −0,330 −0,343* −0,059 0,408* 0,371* 0,448** 0,448**

H′ −0,177 −0,130 −0,253 −0,314 0,211 −0,110 0,295 0,246 0,349* 0,349*

S −0,217 −0,268 −0,366* −0,450** 0,343* −0,034 0,435** 0,391* 0,495** 0,495**

GLCM Contrast SR 0,158 −0,151 −0,085 −0,120 0,241 −0,040 0,113 −0,043 −0,083 −0,083
MI 0,117 −0,125 −0,027 −0,141 0,216 0,152 0,155 −0,063 −0,106 −0,106
H′ 0,077 −0,225 −0,121 −0,189 0,147 0,128 0,042 −0,146 −0,167 −0,167
S 0,168 −0,229 −0,077 −0,182 0,182 0,134 0,071 −0,178 −0,222 −0,222

GLCM Entropy SR 0,158 0,203 0,168 0,204 0,034 0,142 0,135 0,012 0,251 0,251

MI 0,046 −0,068 −0,170 −0,029 0,075 −0,307 0,252 −0,165 0,129 0,129

H′ 0,117 0,034 −0,067 0,117 0,059 −0,280 0,238 −0,114 0,140 0,140

S −0,013 0,001 −0,153 −0,012 −0,006 −0,297 0,182 −0,113 0,165 0,165

GLCM Correlation SR −0,103 0,007 0,158 0,408* −0,040 −0,197 −0,167 0,081 0,100 0,100

MI −0,125 0,048 0,109 0,071 −0,090 −0,249 −0,193 0,072 −0,034 −0,034
H′ −0,152 0,101 0,146 0,223 0,005 −0,252 −0,146 0,085 0,011 0,011

S −0,152 0,085 0,162 0,127 −0,022 −0,254 −0,162 0,070 −0,060 −0,060

*Correlation is significant at the 0,05 level (2-tailed)

**Correlation is significant at the 0,01 level (2-tailed)
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Fig. 4. According to the species rarefaction curve; the average
number of species of the sampling units (ᾱreal) was 20, while the
actual total number of species in the sampling units ( real) was
50 and the diversity between the sampling units (βreal) was
30 (Fig. 3). The species rarefaction curve rose quickly until
the seventh sampling unit, after which the rising trend of the
curve slowed down. This trend of the rarefaction curve shows
that there is a low species difference between the sampling
units. The trends in the spectral rarefaction curves were similar
to those of the species rarefaction curve. It can be concluded
based on spectral rarefaction curves that the spectral difference
between the image windows corresponding to the sampling
units was low on each of the three satellite images.

According to the results of the multiple regression anal-
yses between the species rarefaction values and spectral
rarefaction values, very strong and positive relationships

were found between the species and spectral rarefaction
values (Fig. 4). The relationships between the spectral rar-
efaction values derived from RapidEye NDVI, ASTER
NDVI and Landsat-8 NDVI images and species rarefaction
values (respectively R2 = 0.99, 0.99, 0.98) were found to
be similar. The species rarefaction curves that were
remodeled according to those relationships are presented
in Figure 5. According to these curves; ᾱest was estimated
to be 20, est to be 47 and βest to be 27 based on the
spectral properties of Landsat-8 NDVI image. Ᾱest, est

and βest were estimated to be 20, 50, and 30 respectively,
according to the ASTER NDVI image and to be 19, 50
and 31, respectively according to the RapidEye NDVI im-
age. According to these findings; β diversity between the
sampling units could be estimated accurately by using the
brightness in the satellite images.



Discussion

The findings of the study demonstrate that satellite images can
be useful tools to evaluate the α diversity in the urban forest
remnants. The results of the correlation analysis revealed that
there were statistically significant relationships between the
spectral & texture properties of the image and α diversity. The
strongest relationship between the indicators of α diversity and
spectral values was found between the Brightness derived from
ARVI of RapidEye satellite image and S. The Brightness de-
rived from ARVI and other indicators of α diversity that were
SR,H′ andMI also had strong relationships. OnASTER satellite
image, the strong relationship between the image properties and
indicators of α diversity was observed to be between the
Brightness derived from NDVI and S. The coastal, red bands
of Landsat-8 satellite image as well as some vegetation indexes

were found to have statistically significant relationships with the
diversity indicators. However, the level of such relationships
was rather weaker compared to the other two satellite images
because of mixed pixels. In the light of these findings, it can be
suggested that it could be possible to evaluate the species diver-
sity of a specific area by using the spectral values of an image.

These findings are also consistent with the results of similar
studies that were conducted previously. For instance;
Rocchini et al. (2004) verified the Bspectral variation
hypothesis^ by using QuickBird image, according to which
the areas with the highest spectral variation are expected to
have the highest species richness. In another study conducted
by Rocchini et al. (2007), the effect of the bands in evaluating
the local species richness using the QuickBird satellite image
was tested, while it concluded that near infrared band could be
used for such evaluation. Bawa et al. (2002) studied the po-
tential use of satellite images in order to identify the areas that
had low and high species richness in tropical forests. This
study in which NDVI derived from IRS 1C LISS III was used
revealed that there was a high and positive relationship be-
tween NDVI and species richness (R2 = 0.63 in broad-leaved
forests, 0.42 in macquis shrub lands, and 0.66 in all vegetation
types). Levin et al. (2007) conducted a study in which they
tested the relationship between the NDVI images derived from
Landsat, Aster and QuickBird satellite images and plant spe-
cies richness. They concluded that there was a positively sig-
nificant relationship between all of the NDVI images and
plant richness (with R2 as high as 0.87 between NDVI and
total plant richness and 0.89 for annual plant richness).

The results obtained demonstrate that the texture prop-
erties of an image can be used to evaluate α diversity in

Fig. 5 Estimation of the species rarefaction curves (a-Landsat-8 b-ASTER c-RapidEye) and β diversity based on the spectral rarefaction curves

Fig. 4 Modeling of the relationship between the species and spectral
rarefaction values
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addition to the Brightness. GLCM Contrast, GLCM
Entropy and GLCM Correlation were observed to have
statistically significant relationships with SR on RapidEye
image. The strongest relationship was found between the
GLCM Contrast values and SR. On ASTER image; some
significant relationships were observed between the texture
properties and diversity indicators. The strongest relation-
ship was found to be between the GLCM Contrast and
GLCM Entropy values and SR. On Landsat-8 image, how-
ever, only the GLCM Correlation and SR had a significant
relationship. To the best of our knowledge, there is no
other study that evaluated the relationship between the
texture properties of the satellite image and species diver-
sity, the findings of this study could not be compared
directly with the relevant studies in the literature.
However, it was reported that some texture properties ob-
tained from satellite images could be used both at stand
level (Ozdemir and Karnieli 2011) and landscape level
(Ozdemir et al. 2012) to determine the heterogeneity of
the forest structure. Moreover, in the study conducted by
Ozkan (2014) it concluded that the texture properties of
the image were high due to the increased heterogeneity in
the areas with greater species diversity. Therefore, it can
be suggested that the findings of this study are partially
consistent with the relevant literature.

The results of the study showed that spectral rarefaction
curves could be used as an important method to estimate β
diversity in urban forest remnants. According to the multiple
regression analysis, very high positive relationships were
found between the species and spectral rarefaction values.
Based on the species rarefaction curves that were remodeled
according to those relationships, β diversity could be
estimated with high precision. These results are, in general,
consistent with the findings of the similar studies performed
previously. In a study conducted by Rocchini et al. (2009)
who used Landsat ETM+ satellite image, the species diversity
in different regions was compared based on the spectral rare-
faction curves and they emphasized that it was a strong tool to
identify the differences in biological diversity between the
regions. In another study conducted by Rocchini et al.
(2011) using Landsat ETRM+ satellite image, the relationship
between the species rarefaction and spectral rarefaction was
evaluated on the basis of the growth rates in the rarefaction
curves. They found high and positive relationships between
the species rarefaction and spectral rarefaction (r = 0.88;0.95
p < 0.001). Based on those results, they concluded that spec-
tral rarefaction curves could be used as a quick method to
estimate the differences in vegetation diversity at regional
scale.

In our study, three satellite images with different spatial
resolution were tested in the evaluation of woody species di-
versity in urban forest remnants. For α diversity, RapidEye
and ASTER satellite images with a spatial resolution of 5 m

and 15 m had similar results, while the results of Landsat-8
satellite image with a spatial resolution of 30 m were lower
than the others. For the estimation of β diversity, none of the
satellite images were superior to another. Therefore, low-cost
medium resolution satellite images (Landsat) can be used to
estimate β diversity in urban forest remnants based on
rarefaction.

This study demonstrated that satellite images could be used
to evaluate the woody species diversity in urban forest rem-
nants and its temporal variations. The species diversity could
not be precisely identified on the satellite images due to the
inability to evaluate the species in the substrata because of
crown closure or due to specific challenges such as compli-
cated pixels (Rocchini et al. 2011). However, it would be
possible to identify the areas that are rich or poor in species
diversity. Therefore, it could be possible to decide where to
concentrate the sampling to collect the data needed for future
planning of these areas. This can result in more sound data
regarding the species diversity in a specific area. Moreover,
the temporal variation in the species diversity can be quickly
and practically evaluated through the analysis of satellite im-
ages recorded on different dates. In this way, the hot points
where the protection strategies can be focused could be iden-
tified easily during planning. Hence, it would be useful to
continue evaluating the possibilities of using next-generation
remotely sensed data with different spatial and spectral reso-
lution for this purpose.

Conclusions

The results revealed that the woody species diversity atα level
and the spectral & texture properties. The strongest relation-
ship was found between the Brightness derived from
Atmospherically Resistant Vegetation Index (ARVI) of
RapidEye image and Simpson’s Diversity Index (S). A very
high correlation was found between the spectral rarefaction
values and species rarefaction values. It was revealed that β
diversity could be estimated with high precision through
employing species rarefaction curves modeled on the bass of
the spectral rarefaction curves. The woody species diversity in
urban forest remnants can be evaluated at α and β levels by
employing the spectral & texture properties derived from the
satellite images. Based on findings, it is concluded that the
satellite images can be used to obtain reliable data more quick-
ly as compared to other field survey methods due to having a
significant potential. However, the satellite image with a res-
olution of 5 m would be more appropriate to estimate the
woody species diversity of urban forest remnants. Hence, we
recommended that the satellite image with a resolution of 5 m
would be used in future for planning and conservation of
urban forest remnants in a sustainable manner.
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