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Abstract. The paper presents first results of the use of multispectral aerial images to identify the outum phenophases of sessile oak. 
Observed phenophases are represented with three leaf colors – green, yellow and brown. Color composition of images in three spectral 
bands: blue, green and red, taken by digital non metric Sigma DP2 cameras, which were carried by Unmanned Aerial Vehicle (UAV) 
were used. Pictures were taken on 17 October 2011. Two observers made visual crowns classification of 556 oak trees into three 
groups: green, yellow and brown, on the basis of the dominant color of the leafs. It was found that among observers there is a large 
compliance in classification (79.7%). Additionally, observations of the spring growth of leafs on 54 trees crowns images recorded 
from seven positions were evaluated. Although the results may indicate the existence of certain trends, the clear relationship between 
autumn and spring phases of trees growing can not be noted now (due to small number of sample and short time of observations). 
The use of UAV to monitor the length of the individual tree growing season has been confirmed.
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1. Introduction

Sessile oak is one of three native oak species, quite of-
ten seen in Polish forests. In Poland, sessile oak reaches 
the northern boundary of occurrence. Sessile oak habitat is 
mostly sandy-loam soils, slightly acidic. Its forms single 
species stands, or a mixture with English oak (Quercus 
robur L.) or other deciduous species. Often, sessile oak 
is admixture species in Scots pine stands. For sessile oak, 
uneven development of the trees at the beginning and end 
of the growing season was notices. It is manifested most-
ly by unequal development of the leafs in spring and au-
tumn. The differences in development, that can reach tens 
of days, are connected with different provenances, as well 
as with individual diversity and variability within a given 
population (Kadomatsu 1997). Although this phenome-

non is the subject of numerous studies (also in many other 
species such as beech, ash, maple, alder, pine), it has not 
been fully explained until this time. The results of numer-
ous studies indicate, for example, that the substrate of the 
observed differences within the population may be envi-
ronmental and genetic factors (Kadomatsu 1997; Bobinac 
et al. 2012), micro differential of habitats characteristics 
(Oliveira et al. 1994), differences in the development of 
vascular (Sass-Klaassen 2011), temperature (Wesołowski 
& Rowiński 2006), mechanic damages or floods (Morin et 
al. 2010), insect feeding (Waddell et al. 2001), trees height 
(Seiwa 1999). The order of leaf fall in autumn followed 
broadly the same order as bud burst in successive in next 
year (Crawley & Akhteruzzaman 1988).

Observations in natural conditions, repeated in the 
same places over several years, can provide answers to 
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This paper presents the preliminary results of study on 
the use of color images obtained by UAV to monitor the 
length of the growing season of sessile oak. Aerial ortho-
mosaics were used for classification of sessile oak on three 
classes: tree crowns with leafs colored in green, yellow 
and brown. Distribution map of three previously separated 
classes was made. In this study, aerial photographs taken 
in the autumn were used as well as ground-based images.

2. Materials and methods

The study was carried out in the Głuchów Forest (20˚7΄E, 
51˚45΄N), Forest Experimental Station in Rogów, which 
belongs to Warsaw University of Life Sciences. For this 
study sessile oak stands were selected, with a slight ad-
mixture of other deciduous and pine.

Aerial images were made using two non-metric digital 
cameras Sigma DP2. One of the cameras recorded blue, 
green and red spectral bands, second camera was rebuilt 
to record the near-infrared band (approx. 720–1200 nm). 
The possibility of recording the infrared reflectance was 
possible by removing the original IR filter. The filter pre-
viously was placed on the matrix elements of light-sensi-
tive to prevent the infrared radiation be recorded, because 
matrix is sensitive to the radiation (Cheak 2004). At the 
same time, the camera was equipped with a filter (located 
on the lens), with visible light cut-off access. Details on 
how to rebuild the camera are given by Zmarz (2011) and 
Zmarz et al. (2012).

Camera was carried by unmanned aerial vehicle named 
AVI-1 (Taxus 2010), which was designed specifically for 
performing photogrammetric flights. The vehicle is pow-
ered by an electric motor, has wingspan of 3.5 m, and its 
control is performed by autopilot. Capacity AVI-1 is suf-
ficient to carry a standard digital camera or two compact 
digital cameras. In this project images from both cameras 
were recorded synchronously. They were used to prepare 
ortho-mosaics in RGB colors (Fig. 1).

Very important factors distinguish framework used in 
the presented study from typical photogrammetric tasks. 
The most important are: time of imagery acquisition 
(17 October – the end of the growing season) and light con-
ditions. In the final stage of the growing season there are 
changes in the foliage, which show, among others, changes 
in color and foliage quantity. Autumn light conditions are 
much worst due to the low angle position of the sun over 
the horizon. It is also hard for good weather conditions. 
For these reasons typical aerial images are acquired very 
rarely during autumn. Unmanned aerial vehicles can also 
move at very low altitudes and can shoot well under the 
low ceiling of clouds. No direct sunlight is turning out to 
be a favorable circumstance, as the pictures are not very 

the questions about extent of growing season variation be-
tween single oaks. This information can be used for stand 
or single tree biased growth models. 

Lechowicz (1984) did not found any detailed pheno-
logical records for a single European forest. This has not 
changed apparently since then (Wesołowski & Rowiński 
2006 after Schwartz 1998 and Jenkins et al. 2002).

Unmanned aerial vehicles (UAV) are increasingly be-
ing used to obtain information wherever the use of air-
craft is economically viable and meets the restrictions. Not 
cost-effective use of aircraft is i.e.: for small objects or in 
adverse weather conditions (too short periods of “photo-
grammetry” weather or too low cloud ceiling). In this case 
it may be reasonable to use unmanned devices, which can 
be equipped with a lightweight digital camera. Unmanned 
airborne vehicles have been used for military purposes 
long time ago, and for some time, have been offered by 
civil companies. Images obtained by them are used in ur-
ban area inventory (Gruen 2012), archaeological research 
(Eisenbeiss et al. 2005), analysis of agricultural crops and 
forests (Grenzdörffer et al. 2008, Clark et al. 2010). UAVs 
structurally resemble airplanes or helicopters. Digital cam-
eras carried by UAV record images in RGB or infrared 
bands, often providing direct transmission to the ground 
operator. Flight control can be manual or fully automat-
ed – the UAV moves along the programmed route. There 
are “intelligent” designs, additionally equipped with laser 
scanners that recognize the terrain itself and, on this basis, 
achieving proper trajectory (Kumar 2012). In Poland, in-
terest in flying unmanned vehicles has been seen for a long 
time (Jankowicz 2002a; 2002b; 2007). Currently, there are 
many systems of foreign origin operating in the country 
(Krolikowski 2011), but there are also ones developed as 
original Polish designs (Taxus SI 2010; Zmarz 2011).

Color aerial photographs, particularly infrared, are 
a well known tool for studies of high vegetation (Greer et 
al. 1990; Jaszczak 2000; Miścicki 1981, Stone & Haywood 
2006). It has been proved its ability to determine tree de-
foliation using canopy and discoloration resulting from the 
occurrence of the disease agents. Analysis focused on two 
coniferous species (spruce, fir) as well as beech and oak. In 
the initial period, the analysis methodology was based on 
the interpretation of the colors by the observers, and then de-
veloped digital processing methods and technologies have 
been developed for determining condition of the stands. 
However, while the use of aerial photographs to assess the 
health condition of the trees was studied in many publica-
tions, it is difficult to find analysis of phenological aspects 
with use of this technique. Few studies focus on the analy-
sis of phenological events at the regional, national, or even 
continental scale (Muraoka & Koizumi 2009). There are 
also few studies (Richardson et al. 2009) showing the use 
of remote sensing methods to assess the phenological varia-
bility within individual populations, such as the stand level.
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Figure 1. Natural color composite im-
age with crowns being clas-
sified by one of image inter-
pretators into three crown 
color groups (green, yellow, 
brown)

Figure 2. Comparison of classification 
results – unfilled crowns, 
shown only with their ex-
tends, are classified by two 
interpretators differently
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contrasted – there are small tonal differences between the 
illuminated and shaded parts of the crowns of trees.

In the presented study an attempt was performed to as-
sess the possibility of using the natural colors ortho-mosa-
ics to identify single trees of sessile oak in different phono-
logical phases. It was assumed, that these phases are distin-
guished by changes in crown color – from green, through 
yellow to brown. It was also decided to assess whether 
the trees are similarly recognized by the two observers. 
Spectral image analyzes for the possibility to distinguish 
between separate groups of tree crowns using digital meth-
ods were carried out. The last stage of the analysis was to 
compare the phenological events observed on aerial photo-
graphs in the autumn of 2011, with the observations made 
on the ground based photographs of tree crowns during 
spring 2012. 

At the beginning, one observer has selected five sample 
plots, and pointed to ortho-mosaics ranges of 556 crowns 
of oaks (Fig. 1). The ranges were determined by digitiz-
ing crowns using the ArcGIS software. In the next stage, 
two observers, independently, divided all the crowns into 
three groups, according to their color. The first observer 
worked in the Idrisi Taiga software, while the second in 
the ArcGIS. Both have adopted the same methodology for 

Table 1. Classification of oak crowns into three crown color groups (1 – green, 2 – yellow, 3 - brown) – results of two interpreters

The first observer 
(number of crowns) Σ

  1 – green 2 – yellow 3 – brown

The second observer 
(number of crowns)

1 – green 111 29 2 142

2 – yellow 27 191 18 236

3 – brown 1 36 141 178

Σ 139 256 161 556

the classification of tree crowns – green oak (group 1), fol-
lowed by brown (group 3), and later with yellow (group 2) 
(Fig. 2). Comparison of classification results are presented 
in Table 1 and Figure 2. 

Ground photos were taken with Sigma DP2 camera 
(same as used onboard of UAVs) in four dates: 6 and 28 
April and 4 and 12 May (Fig. 3). The location of camera 
position was determined by comparing field distribution of 
trees with the content of aerial images. On the April 6, all 
oaks were in the phase of winter dormancy. Clear changes 
in the crowns emerged in late April and May. In this period, 
the relatively high air temperature resulted in rapid, dis-
tributed in a very short time period, development of leafs. 
Differences in leaf development can be seen very well ba-
sically just on photographs taken on 28 April. On 12 May 
all crowns looked very similar. Trees images captured on 
terrestrial photographs on 28 April (Fig. 4), were classified 
into three classes: 1 – undeveloped buds, 2 – partially de-
veloped buds, 3 – developed visible leafs. By comparison 
of airborne and terrestrial (Fig. 5) images of corresponding 
crowns, concurrence of autumn and spring phenological 
phases of development were defined (Tab. 2).

The aim of the used treatment was to obtain a response, 
whether and how oaks classified to one of 3 groups accord-

Table 2. Concurrence of oak phenophases – autumn leaf colors (columns) and spring bud burst phases (rows) on 54 trees. Numbers 
shown are absolute and relative concurrence values

The color of crowns observed on aerial images 
taken in the autumn using UAV  

(17.10.2011)

1 – green 2 – yellow 3 – brown Σ

The stage of leafs development 
in the spring by terrestrial 
image analysis (28.04.2012)

1 – undeveloped buds 7 (0.13) 7 (0.13) 10 (0.19) 24 (0.45)

2 – partially 
developed buds 4 (0.07) 5 (0.09) 7 (0.13) 16 (0.29)

3 – developed visible 
leafs 3 (0.06) 2 (0.04) 9 (0.16) 14 (0.26)

Σ 14 (0.26) 14 (0.26) 26 (0.48) 54 (1.00)
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      Figure 4. Oak bud burst and leaf development as on April 6, 28 and May 4, 12

Figure 3. Locations where terrestrial 
images of crowns were taken

ing to the color of crowns, differ spectrally; by means of 
digital image analysis. Image processing was carried out 
using Idrisi Taiga software (Idrisi 2009). The values of the 
average brightness were analyzed separately for each of the 
distinguished group of crowns, in four spectral channels. 
Original values were used, without pre-processing contrast. 
It may be noted, that the fourth channel (NIR) contains 
a relatively low value, which results sensitization of the 
relatively smaller image sensor in this area. In the calcula-
tions, all the image pixels those were within the crowns of 

trees were used. Figure 6 shows the mean values of bright-
ness for nine classes, which arose from a comparison of 
the results of classification done by two observers. Figure 
7 present values only for grades 1-1, 2-2 and 3-3, which 
means the trees classified by observers to the same groups.
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Figure 5  Comparison of crowns pictures captured on aerial and terrestrial images. Terrestrial image 
were rotated and flipped to fit them with aerial image

Figure 6. Mean brightness of crowns belong-
ing to nine groups according to clas-
sification results of two interpreters 
in four spectral bands (from left: 
blue, green, red, infra red)

Figure 7. Mean brightness of crowns classi-
fied by two interpreters in harmo-
ny into three groups – green (1-1), 
yellow (2-2) and brown (3-3), in 
four spectral bands (from left: blue, 
green, red, infra red)
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3. Results

The largest spectral differences between distinguished, by 
visual classification, crown groups (Fig. 6 and 7), was in 
the red channel (XUAV3), green (XUAV2) then in blue 
(XUAV1) and infrared (XUAV4), respectively. Analyzed 
images are characterized by other interpretive properties, 
compared to typical multispectral images obtained for full 
growing season and with professional imaging systems. It 
has to be kept in mind, that images were acquired in the 
autumn season.

The percent of trees classified by both observers in 
harmony to same classes is high (79.7%). Although they 
used various computer systems, obtained results are con-
sistent. This indicates, that images provide a relatively 
accurate differentiation of trees with different leaf colors. 
Other trees – those that observers classified in different 
way – formed a group with colors close to the main classes 
(Tab. 1, Fig. 8): green-yellow and yellow-green (1-2 and 
2-1) or yellow-brown and brownish-yellow (2-3 and 3-2). 
Radically different crown assignment to color classes, such 
as 3-1 or 1-3, occurs rarely (only 0.5% of the total number 

of trees). This was expected due to continuous character 
of this phenomenon. In the presented study, 3 color classes 
were used for crown characterization. Maybe in the future 
more classes, taking into account transient classes, should 
be added to analysis. This should be preceded by a deeper 
study of the formation of color composition in the sys-
tems of remote sensing and image perception by different 
observers.

No clear correlation between development phases ob-
served in the autumn aerial and spring terrestrial images 
was noted. Although the data in tab. 2 suggest the existence 
of certain trends, such as the fact, that early growing oaks 
in the spring are dominated by those, in which leafs were 
brown in the autumn, and that most of the “delayed” oaks 
were with green and yellow leafs. Other finding is that 
oaks with green and yellow leaves were more frequent-
ly represented, than others, in the class of delaying trees. 
Oaks with brown leaves were represented in similar pro-
portion in all three classes. However, an attempt was made 
based on a relatively small sample, so presented conclu-
sions should be approached with caution.
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Figure 8. Mean brightness of crowns belonging to nine groups according to classification results of two interpreters in two 
spectral bands: green (band 2) and infra red (band 4)
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4. Conclusions

Based on the survey it can be stated, that sessile oak au-
tumn phenological stages can be recorded with high reli-
ability at the level of individual tree crowns using images 
taken by a camera carried by unmanned aerial vehicle. In 
order to develop an appropriate methodology, it is neces-
sary to undertake a broader study of the perception of this 
phenomenon by different observers. The results indicate, 
that it is possible to apply image classification methods 
both: multispectral (pixel) and the object, in which, the 
object would be the individual tree crowns.

There is no doubt, that methodology of spring observa-
tions has to be improved and the number of observed trees 
has to increase. Terrestrial images should be taken more 
frequently and in projections which allow observations of 
the whole of crowns. Best solution would be using spring 
images acquired by UAV.

The use of UAV in the creation of maps of phenological 
changes on the single tree level would provide informa-
tion about the length of the individual tree growing season 
length. Such information as map of individual tree growing 
season length could be utilized by stand or tree growth 
models. Further work is required to determine the char-
acteristics, that indicate the start or end of the growing 
season. Integration of both data (terrestrial and airborne) 
obtained from ground-based measurements of air will al-
low for full automation of the process.
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