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Abstract. For the last few decades, there have been a lot of studies recognising the significant
roles of the urban trees as a high-quality carbon sink. This work is a preliminary study about
how remote sensing and photogrammetry could be useful tools to identify urban trees for the
purpose of Carbon Storage (CS) computation in urban areas. Our first study area is a typical
urban park located in Sassuolo, a municipality in the northern part of Italy in the so-called
“Pianura Padana”. We measured the tree Height (H) and the Diameter at Breast Height (DBH),
required for the calibration of the CS, based on the tree allometry during the field data
collection along with the constructing a 3D model through the photogrammetric approach. A
high-resolution WorldView (WV) 3 satellite image of the same area, was classified using an
object-oriented approach to count the number of trees varied with different species. This
preliminary study will enhance the possibilities of the application of these approaches in case
of the larger urban areas to ascertain the accuracy of the tree CS calibration.

1. Introduction

The world has been experiencing the fast-flowing and heedless urbanisation for the last few decades.
Green infrastructures, as well as urban trees, have a significant impact on the atmospheric Carbon
Storage (CS) and sequestration.

Recent studies suggest that the urban trees are not only being considered as an essential element for
the climate change mitigation policies but also appreciated as a high-quality carbon sink for capturing
the atmospheric Carbon dioxide (CO,) to a significant level [1-2]. Exploring the information on the
tree structure and species in urban areas with higher accuracy is substantial to predict the carbon stock
and to improve the urban ecological services [3-4]. Satellite remote sensing has been widely used for
tree characterisation and classification for the last few decades [5-11]. Even in the case of the urban
trees, high spatial resolution satellite imagery has been utilised to identify the species along with the
individual tree crown extraction [12-23].

In this study, we performed a preliminary analysis of urban trees by using remote sensing data
combined with ground truth measurement. We used a high-resolution WorldView (WV) 3 image data
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providing eight multispectral bands along with the short-wave infrared (SWIR) bands which make it
far better than the traditional four-band IKONOS and QuickBird data in case of the vegetation analysis
[12]. In fact, urban tree classification with higher accuracy is still a considerable challenge, most
studies recommend the application of the Object Based Image Analysis (OBIA) approach to improve
the classification accuracy in urban areas [24-27]. We also utilised the OBIA approach as our goal was
to classify and count the trees of different species required for the further CS calibration.

A photogrammetric approach was introduced to measure the tree height (H) [28] and during the
field survey trunk Diameter at Breast Height (DBH) measurement along with the species identification
was done. These tree parameters (H, DBH) were necessary also for the future estimation of the tree
CS. Lidar and 3D reconstruction techniques are often applied in vegetation\forestry investigation [29-
32].

In this study, a terrestrial photogrammetric approach was used to produce accurate point cloud.
Lidar and aerial photogrammetry are expensive and are always applied for the detection of the large
land areas. Terrestrial photogrammetry, such as small UAV photogrammetry, can be quickly
implemented in urban areas for the detection of a small portion or of a single tree. Modern
photogrammetry takes the advantages of the Structure-from-Motion (SfM) algorithm that allows the
3D reconstruction from a series of high redundant images, acquired without any rigorous design. Even
SfM with multi-view stereo-photogrammetry is considerably a new technique, still few studies are
evident in case of the tree measurement especially the linear metrics such as the DBH, H, crown
spread and also the stem radius [28, 30-32]. We found the photogrammetric approach including the 3D
model construction from the 2D images [33], would be truly useful for the tree H measurement,
especially for the urban areas.

This study will be quite noteworthy to go forward with the computation of the urban tree CS for the
urban planners and researchers through the proper management of the urban vegetations.

2. Data

2.1. Study area

The first study area is the ‘Ducal park’ (44°32'32.82"N, 10°46'48.36"E), an urban park located in
Sassuolo, province of Modena in the northern part of Italy. This area is included in the well-known
‘Pianura Padana’ region, an area with high pollution values due to a large number of industries and the
geographical and climatologic characteristics (Figure 1). The total land area of the park is around
11.53 ha. The park is composed of different tree species whereas the dominants are the Acer
campestre, Quercus robur and Populus nigra.

-k P : .

Figure 1. The study area in Sassuolo showing the sample plots (red circls) t the Ducal park.
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2.2. Satellite image

The WV3 image data for this study was acquired on 31 July 2018 (Figure 2). The WV3 includes one
panchromatic band of 0.3 m resolution and eight multispectral bands of 1.2 m resolution named:
Coastal band (400-450 nm),

Blue band (450-510 nm),

Green band (510-580 nm),

Yellow band (585-625 nm),

Red band (630-690 nm),

Red edge band (705-745 nm),

NIR1 band (770-895 nm)

NIR2 band (860-1040 nm) bands.

Having these additional four bands i.e. coastal, yellow, red-edge and NIR2, bring some advantage
in case of the vegetation identification and analysis [12,42]. That is why WV3 image data was also
preferred for the present study.

10°45'E 10°50E

642000

64800 641400 6100 64600

641400 61000 649600

639000 642000 645000 - 648000 0408
04SE 10°50E N

g 0 1 2 Juites %F 0100 200 300 400 500 600 700 800
W E 2 4 ” 6 W- E Meters.
' Km d Map Scale 1:70,000
i Map Scale 1:100,000 %
Figure 2. The WV3 image data (left) and the resized study region (right) considering the whole urban
area.

2.3. Field data

Single tree location and measurements and image acquisition for the photogrammetry were carried out
in the field in October 2018. Four plots were randomly selected in the park, and each of the plots had
an area of 100m? (10mx10m). Each plot was composed of at least two trees of the same or different
species. Field data such as the name of tree species and geographical coordinates of the trees were
gathered along with the DBH. The total number of the three dominant trees in the park were also
counted during the field survey. Having the tree positions recorded tree crowns were identified and
delineated on the WV3 image. For the tree H measurement, 2D pictures were taken per plot utilising a
hand-held digital camera considering the 3D model development through the SfM photogrammetric
approach. Several pictures were acquired from different positions, recognizing the shorter to taller
trees.

3. Methodology

3.1. Photogrammetric approach
Photogrammetric technique allows the 3D reconstructions of objects through the acquisition of 2D
images, whereas in our case we produced the 3D model for each plot in order to measure the tree H
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along with the 3D model. The Agisoft PhotoScan(APS) software was utilized which implement the
SfM algorithm[28,34]. All the trees were photographed placed in different sampling plots. The
images were captured with a hand-held, digital SLR camera from photopoints at regular intervals
around the perimeter of each plot. About 120-150 photos/plot were taken depending on the size of the
trees. A semicircle pathway around each plot successively from the inner to outer part of the plot were
followed to capture each image covering all the trees (Figure 3)

Figure 3. Dense point clouds of one of the investigated plots (APS model view), the blue squares
represent the locations from which each of the images was taken.

The inner circle photos were taken from a distance having the tree-top, middle and bottom part of
the tree, and the outer ones to have the whole tree within a frame. The SfM approach allows the 3D
reconstruction from multiple images which ensures a high redundancy of images (each portion of the
area of interest must be detected within 9-10 images at least). Also, a varying viewing geometry has to
be guaranteed for obtaining accurate results. If no information about camera positions or point with
known coordinates are added to the project, the reconstructed 3D point cloud will be generated within
an arbitrary reference system lacking georeferencing and scale.

( B
Picture Alignment
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( K N
Markers placement and detection on the
bar
\ 7
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. v

[ Results optimization, scaled 3D model ]

and dense point cloud generation

Figure 4. The flowchart of the H estimation through the SfM approach in APS.
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In this case study, for measuring the tree H in the 3D model, a 4-meter graduated bar (Figure 4)
was added to the area of interest as a reference. As the positioning of an object of known dimension
allows the generation of scaled products that can be used for the measurement purpose [35], we were
able to measure the tree H reconstructing the 3D model for each plot.

Figure 5. Photo of the graduated bar use as reference in the 3D reconstruction(a), view of the bar at
the reconstructed 3D model in APS interface (b).

3.2. Remote sensing approach

3.2.1. Preprocessing Initially, the raw data had to be converted into surface reflectance. Thus, the
conversion of the first digital number into the top of Atmosphere radiance was implied using sensor
parameters. Before the processing and classifications, the atmospheric correction of the WV3 image
was also done utilising the FLAASH plugin of the Environment for Visualizing Images (ENVI)
software [50]. Then the image was resized by using the shapefile of the park.

3.2.2. Image segmentation and classification In urban areas, the traditional pixel-based image
classification method usually shows a low classification accuracy due to high spectral variability
within land cover classes that were affected by sun angle, gaps in tree canopies and shadows [45-46].
Considering these limitations, OBIA approach was introduced in this study to improve the
classification accuracy [24-27, 53]. The OBIA method includes not only spectral information but also
other added information such as context, texture, geometry and spatial features. [17,47], which can
minimise the number of units to be considered for the classification [48]. The segmentation is the key
procedure to divide the image into different significant objects where the spectral and spatial feature
will be computed. The segmentation procedure divides the image into spatially continuous and
homogeneous regions [49] and also limits the local spectral variation [24-25]. Here the Trimble
eCognition Developer® 9 platform (Trimble, Munich, Germany) was utilised to employ the OBIA
approach. Firstly, a multiresolution segmentation was performed where several attempts were done
with the different values of the parameters to determine an adequate level of object recognition. An
accurate segmentation is nothing but an essential prerequisite to ensure a significant classification.
That is why those several attempts were necessary to attain the perfect combination of values of the
parameters like scale, shape and compactness. Once I had the segmentation been done, I did move
forward to the classification phase. The OBIA approach is also well-known for enhancing the
advantages of spatial, spectral and texture information which is quite important for the classification.
the Normalized Difference Vegetation Index (NDVI) was utilised to distinguish vegetated from non-
vegetated objects [17,44].
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The NDVI is a spectral vegetation index which has a significant correlation with the vegetation
biomass [43]. It is the ratio of the reflectance in the Near Infrared band (pnr) and in the red band
(prep)’. The equation used to compute NDVI is:

NDVI = (pnir — Prep)/ (PNIR — PRED) (1

For the classification, the NDVI values were observed more than the 0.27 for all the vegetated
areas whereas less than that value were found recognizing non-vegetated areas (i.e. Side-walks). The
Forest Density Index (FDI), also known as the Forest Discrimination Index [51] was added which is a
index computed using the reflectance in the NIR2 band (pnir»), in the red edge band (prepepce) and in
the coastal band(pcoasrar):

FDI = pxira- (PREDEDGE T PCOASTAL) 2)

This algorithm is useful to have a better recognition of vegetated and non-vegetated areas, even in
case of the vegetation in the shadowed parts of the crowns. Having the vegetated areas well
recognised, I did move on to the dominant tree species classification. At this stage, the Nearest
Neighbor (NN) approach [52] was implied. For the classification training, about 30 samples of two
dominant tree species were selected in the park including the Quercus robur and Populus nigra and
the areas covered with grass. Acer campestre samples have not been selected because that species was
always covered by Quercus robur crown. It is thus not possible to identify Acer campestre in this park
from remote sensing due to overlapping questions. Along with the sample selection, the features had
to be chosen for the NN approach. Different combinations of feature have been tested. Then looking at
the computational time and output accuracy, the chosen features added were the layer means, standard
deviation, pixel ratio, NDVI and FDI. From the classification output it is possible to determine the
area for each of the tree species. By dividing this area with an average crown size for Quercus robur
and Populus nigra, it was possible to have a first count of the number of trees. This approach will
assist in classifying and counting the trees in case of the whole urban area for the calibration of the CS
of urban trees.

4. Results and Discussion
4.1. 3D model reconstruction and H estimation

At the APS software, the 3D model for each plot was generated whereas in each model the reference
scale bar was visible enough to validate our estimation (Figure 5). From the 3D model, H estimation
was done by means of the scale tool available in APS software. Once the markers were placed on the
APS software interface based on the scale bar, the software calibrated the distance among the markers
(Figure 6). At least 2 to 3 reference markers of known distance were selected for each tree to ensure
the higher accuracy of the tree H predictions. It was possible to evaluate the obtainable accuracy along
the bar (as a local evaluation) but placing a marker at the tree top was difficult in case of the mixed
canopies. So, later on I am going to introduce some tests to validate obtained results in a properly
designed area in similar cases. The distance between the reference markers reported by the model is
considered to verify the error of the model. The average error in case of the predicted distance was
around 0.3 to 0.5 cm during the H calibration on the scale tool of the APS. The results show that the
average H of the was so significant for each of the species. Unfortunately, there were a few studies on
the urban tree H estimation utilising SfM approach on APS software, so I had to compare the results
with the general European Forest Tree (EFT) database published in 2016 [36]. Even though this
database was released based on the forestry areas, these results on urban trees were not so far different.
For instance, for the three dominant species i.e. Acer campestre, Quercus robur and Populus nigra the
estimated average heights were 10.18, 19.98 and 29.15 meters respectively (Table 1). Whereas
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according to the EFT database, the average height for the Acer campestre is typically 15 meters and
for the Quercus robur and Populus nigra are 30 and 40 meters respectively [37-39]. Some other recent
studies also estimated the average H 18.83 meters for the Quercus robur and for the Populus nigra the
H was mentioned as 23+5 meters in Spain and Sweden respectively [40-41]. The differences among
the resulted H of our trees and the H of the other studies are varied possibly due to the following
reasons:

-Those studies were done in forestry areas in different environmental conditions;

-They utilised the traditional measurement methods;

-Those studies were implemented in case of the areas including a large number of trees.

ﬂﬁﬂﬂﬂﬂﬂﬂﬁﬂ

MG 140426 MG_1405.9G MG 1406090 IMG 1807006 IMG_ 180006 NG00 PG IMG_M0PG MG, LURTIN )
b W W [ ) LA | " "
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chxece  Mewen Mo Comoe

Figure 6. 3D model (Sample plot-1) with the estimated H at the scale tool(left) along with the blue
markers on the bar in the APS interface.

Table 1. Estimated H of the trees in the sample plots including the mean height/species.

Sample plots Tree species Height (m) Mean
height/species(m)
1 Acer campestre 9 10.18
1 Acer campestre 11.5
1 Acer campestre 9.8
1 Quercus robur 17.6 19.98
1 Quercus robur 20.6
2 Acer campestre 9.98
2 Acer campestre 10.14
2 Acer campestre 10.67
2 Quercus robur 21.5
2 Quercus robur 20.2
3 Populus nigra 354 29.15
3 Populus nigra 29.3
4 Populus nigra 28.3
4 Populus nigra 23.6
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However, the method will be implied for the larger area considering the whole urban area as the
SfM photogrammetric approach is found to be quite useful for the urban tree H measurement. This H
measurement will be beneficial for the calibration and prediction of the total urban tree CS utilizing
the tree allometry (Table 1).

4.2 WV3 image classification and tree counting

The result shows the classification was significant for the two considered species (Figure 7). In some
cases, it was quite complex to extract the crowns of Quercus robur and Populus nigra in NN
approach. That was observed due to having the similar spectral signatures for both of the species. Soon
a separability analysis will be performed to evaluate if the spectral signature of the two species
obtained by the WV3 data is enough to distinguish the two species. Finally, the number of trees were
reckoned in case of the Quercus robur and Populus nigra based on mean crown area occupied by each
of the species. We found 157 Quercus robur and 315 Populus nigra trees in the total park area. In
field counting, 155 and 267 trees were identified for both of the species respectively. The difference
between the tree populations in case of Quercus robur was convincing where the other was found to
be more than the field counting. That might be happened due to the canopy type which led the
problems during the classification. However, these results were pretty convincing which also
recommend the possibilities to go on with the improvements considering the tree classification for the
whole urban area. This kind of approach is so essential to estimate the tree biomass for mapping and to
calibrate the tree CS in urban areas.

= = classes

(© Ducal Park

@ Not classified

@ SideWalk

=@ Vegetation

@ Acer campestre
O Grass
@ Populus nigra
(O Quercus robur
@ shadow

Figure 7. Object-Based Image Analysis (OBIA) Classification result with the Trimble eCognition
Developer® 9.
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5. Conclusion and future developments

This study was a preliminary effort to understand the potentiality of the photogrammetry and remote
sensing tools to explore the information on urban tree structures and dominant species identification.
This work represents the potential of high spatial resolution WV3 image data for detailed tree species
mapping is promising. The future efforts will be done considering the whole urban area involving the
refinement of the tree identification and segmentation, comparison and analysis of various algorithms
for the automated identification of trees in mixed plots. In the case of photogrammetry, the result
enhances the possibility of utilising the SfM approach for the calibration of urban tree Height (H)
which is one of the significant tree inventories to estimate the tree CS. These approaches will be
employed for further application correlating the WV3 image data and tree inventories to compute the
urban tree Carbon Storage (CS). Once it is implemented in case of the whole urban area, the findings
will provide an accurate and significant way to the city planners for recognising the level of tree CS,
localised in different parts of the city.
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