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Summary: The methodology of evaluating urban ecosystem services gains much importance in the context of global
climate change and international policy processes. Urban trees provide important climate-related regulating services,
which can be evaluated using specifically developed models. Some of these approaches need location-specific data
about the growth characteristics of frequently planted tree species in urban circumstances, for exact ecosystem
service quantification and indicator development. One main task is to accurately calculate biomass growth, in order
to quantify service provision more precisely in life-cycle assessments. Besides, mathematical relations between
different size parameters of trees might be needed for the background calculations of some model applications. In
this paper, we present some methodological investigations and preliminary results for these purposes. Growth curves
of carbon storage potential and potential leaf area were developed for two important urban tree species (Common
hackberry, Japanese pagoda tree). The results highlight the need to take worse tree condition at high ages into
account in further improvements and real applications. In the second part of the study, we present the first results of
allometric models to predict crown diameter from diameter at breast height of the trees, based on the tree cadastre
dataset of the city of Szeged.
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1. INTRODUCTION

The evaluation of ecosystem services is gaining a major role in environmental
sciences and practical environment management (MEA 2005, TEEB 2010). Their purpose is
to enable the quantification of resources used by humans directly or indirectly from the
perspective of securing human welfare (Termorshuizen and Opdam 2009, Kovacs et al. 2011,
Gomez-Baggethun et al. 2013). Ecosystem services are divided into four different groups.
They are: maintenance (supportive), provisional, regulatory and cultural services. The most
important task of the new methodology, which evaluates the natural resources from the
perspective of contributing to human welfare, is the technical support of the environmental
protection goals and biodiversity protection. In recent years more and more research is being
conducted on the green space ecosystem services of urban areas (Haase et al. 2012, Hubacek
and Kronenberg 2013). Their benefits, originating from their regulating services are of
paramount importance, like climate regulation by the shading and evapotranspiration of trees,
decreasing stormwater runoff, air pollution removal and carbon sequestration (Kirnbauer et
al. 2013, Nowak et al. 2013, Jim and Chen 2014). In the case of urban green areas we are
talking about ecosystems suffering from strong anthropogenic impact which affect the life
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quality for many people in densely populated areas, so that they can also be an important
subject of monetary or non-monetary evaluations.

The appearance of the methodology is more and more frequent at a policy level too,
proved by the fact that the first thematic TEEB report dealt with urban environment
management (TEEB 2011). Besides, the Green Infrastructure Development Goal which is
part of the EU Biodiversity Strategy 2020, specifically mentions the urban green areas,
highlighting their contribution to the health and a number of other factors of the well-being
of the population. The evaluation of ecosystem services is performed by developing and
mapping indicators or integrating them into more complex models.

The quantitative assessment of the regulating ecosystem services of urban trees can
be realized on a model basis. Several specific models have been created in different parts of
the world primarily for the evaluation of climate-related services (i-Tree 2014, Peng et al.
2008). Most of these assessment tools, like the Eco package of the most elaborated i-Tree
software, are only suitable for static evaluation. Nevertheless in many cases, the analyses of
the services provided by the tree would be required to consider the life-cycle i.e. monitoring
these services in parallel with the growth of trees. For example for the installation of urban
trees or green areas it would be needed to know in how much time will they be able to provide
the same service volume as their predecessor tree stands. Certain model applications have
been made specifically for that purpose, for example the i-Tree Design application that is
easy to use (on a web interface) by non-professional users. This application is suitable for the
calculations of the provided services by a tree of a selected species (also in economic terms)
installed at a predetermined location in an arbitrary period of time. However this application
is designed for the USA. The growth of trees and deposition of pollutants are significantly
affected by climatic conditions, therefore applications developed for local conditions would
be needed to use more descriptive functions of ecosystem services under the local conditions.

Furthermore, in certain applications the specification of additional tree parameters
may be required. It has to be noted that some of those measurements are more difficult to
carry out (e.g. the measurement of the crown diameter which is necessary to calculate the
shading capability of trees, thereby to estimate the energy savings of heating and cooling).
Another possible use is the estimation of trunk parameters from crown parameters derived
from photogrammetric investigations. The relations between these tree size parameters are
given by so-called allometric equations. Nowak (1996) has developed regression equations
to calculate the leaf area and leaf biomass of urban trees. These equations form the base e.g.
for the widely used i-Tree model suite (i-Tree 2014 — formerly UFORE — Urban Forest
Effects Model). The aim of the works of Peper et al. (2001a, 2001b) was to develop prediction
models for diameter at breast height (DBH) based on age, and that the tree height, crown
diameter, crown height, and leaf area are based on DBH. Logarithmic regression models were
used for all variables except for leaf area predictions, for which a nonlinear exponential
model was used.

In line with these general goals, the aim of our study is to pave the way for the
development of model applications that take into account the above mentioned aspects and
local conditions, therefore especially suit the data needs regarding common tree species in
Hungary. On the one hand the change of the ecosystem services provided by the trees are
examined during their lifecycle. On the other hand, some allometric models predicting a
crown size parameter from the DBH are tested.
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2. METHODS

In the first part of the study, we present the life cycle curves of two important
ecosystem service indicators, the amount of stored carbon in tree biomass (indicating carbon
sequestration), and the leaf area (which is a widely used indicator of air pollutant removal
and stormwater runoff reduction). In the calculation process of the i-Tree Eco model, the so-
called standardized growth is used. It is quantified based on an average constant growth rate
(in DBH), and is corrected based on climatic parameters. Crown light exposure and tree
condition are used as correction factors. In our calculation, we used the growth observations
used in Hungarian horticultural and green space management practice (Rado 1999). These
growth curves are based on measurements of trunk diameter in relation with the tree’s age,
using a dataset of thousands of tree individuals in Hungary.

For calculations of carbon storage and leaf area, our methodology is mainly based on
the workflow of commonly used methods (e.g. in i-Tree Eco). From multiplying the DBH
and the shading factor by the regression coefficients we obtained the natural logarithm of the
leaf area from which the leaf area was calculated by a simple exponent function (Nowak
1996). Equations based on the DBH are of the following form:

InY = bo+ b X + boS (1

where Y is the leaf area (m?), X is the DBH (cm), bo-b; are the regression coefficients and S
(percentage of light intensity intercepted by foliated tree crowns) is the average shading
factor for the individual species (McPherson 1984). We made the calculations for two
commonly planted street and park tree species, Common hackberry (Celtis occidentalis) and
Japanese pagoda tree (Sophora japonica). The shading factors are 0.88 for hackberry and
0.78 for pagoda tree. The calculation of the stored amount of carbon was based on species-
specific equations, using the DBH as a single parameter (CUFR 2008, Liu and Li 2012).

Table 1 The species investigated with allometric investigations

Common name Scientific name Number of trees
Goldenrain tree Koelreuteria paniculata 23
Silver lime Tilia tomentosa 148
Japanese pagoda tree Sophora japonica 41
Small-leaved lime Tilia cordata 42
Early maple Acer platanoides 32
Ash Fraxinus excelsior 27
Big-leaf linden Tilia platyphyllos 24
Common hackberry Celtis occidentalis 63
Maple Leaf plane Platanus hybrida 32
Total 432

In the second part of our research, allometric models were tested to predict one of the
most important size parameter of tree crowns, the crown diameter, from the more easily
measurable parameter of DBH. The statistical calculations were based on a field-based tree
database for the downtown area of Szeged (Hungary). The selection of specimens was carried
from the tree cadastral database created and maintained by the Department of Climatology
and Landscape Ecology of the University of Szeged, in cooperation with the local
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environmental management company (Takacs et al. 2015). For allometric investigations,
trees in a good condition should be chosen. The selection criteria were the following: the
place of the tree is a typical urban location (mainly street trees); missing crown ratio does not
exceed 10%. The whole tree cadastre database contains several parameters (tree size
parameters, health-related attributes, location information). For the purposes of this study,
the DBH and average crown diameter data were used. Crown diameter was measured with
Vertex III equipment. From the total tree cadastre database, 432 specimens fulfilled the
criteria, the surveyed species are summarized in Table 1.

Curve fitting algorithms were executed to test the fit of different regression models
for the trees of different species. The calculations were carried out in SPSS 19.0 software,
the used functions are summarized in Table 2.

Table 2 The tested allometric models to predict crown diameter (CD, m) from diameter at breast
height (DBH, cm), bo-bs are regression coefficients

The type of function Equation
Linear CD =bo+ b1 - DBH
Logarithmic CD = bo+ b1 - WDBH
Inverse CD = bo+ b1/ DBH
Parabolic CD = bo+ bi-DBH + by - DBH?
Cubic CD = bo+ b1-DBH + by DBH? + b3 - DBH®
Power CD = bo - DBH"!
Exponential CD = bo - biPB1
Sigmoidal CD = eh0+b1/DBH
Growth CD = eb0 +bl - DBH

The values of the adjusted coefficients of determination (R%4j) were calculated,
together with standard error of estimate (SEE) values.

3. RESULTS AND DISCUSSION

The potential leaf area and carbon storage of the two tree species in relation with age
can be seen on Fig. 1, the results will be discussed focusing on the state achieved at high ages
(around 55 years). The higher growth was observed in the case of pagoda tree, which may
potentially exceed 1200 m? in leaf area and 1400 kg of stored carbon at high ages. The leaf
area values for common hackberry are around 1000 m? and below 1000 kg. In our field-based
dataset, containing individual-based estimates calculated with the growth equations of the i-
Tree Eco model (Kiss et al. 2015), we can see that there are only some trees in the complete
inventory for the city centre with the above-mentioned values. The main reason for this might
be that street trees at high ages have high values of missing crown parts and crown dieback
(beacuse of bad health status in urban circumstances, and because of pruning and other
management activities — the mentioned reference database is the total tree cadastre inventory,
which contains trees in bad condition as well). This decreases mainly the leaf area, and the
amount of biomass (and consequently the stored carbon) to a high extent. Therefore, there
are very few tree specimens with these quite high values in our city. It is the case in particular
for the pagoda tree, its population is in a considerably bad condition in the investigated stands
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according to the i-Tree categorization (Kiss et al. 2015). The management of old-growth
urban trees is a very important topic in urban green space management. These trees are in a
worse condition which results in higher management costs. But meanwhile they provide a
very high amount of ecosystem services, as it might be indicated by the growth curves
presented in our study for climate-related regulating services.
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Fig. 1 Potential leaf area (a, b) and carbon storage potential (c, d) depending on the age at the two
investigated species

Table 3 Best fitting models and their parameter estimates relating crown diameter and DBH for the
investigated species

Species Model RzafjlttngE The lf)l(l)nctmn paraglleters
Big-leaf linden power 0.862 0.208 44.838 0.841
Silver linden power 0.866  0.203 28.566 0.940
Golden rain tree power 0.529  0.327 42.488 0.819
London plane power 0.620  0.200 57.031 0.733
Common hackberry power 0.628  0.253 130.707 0.543
Ash power 0.661 0.309 75.472 0.642
Japanese pagoda tree  exponential 0.666 0.271 431.611 0.018
Early maple sigmoidal  0.801 0.275 7.106 -11.693
Small-leaved linden power 0.788 0.315 50.199 0.788

Table 3 shows the best predictive models for the crown diameter of trees of the
investigated species (with the highest R? values, together with low SEE). Four species have
a model with a relatively good fit (R%4>0.70, p<0.01) to the measured dataset. For most
species, the power function seems to be the best model to predict the investigated parameter,
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and it might be considered as a possible general model type. Linden species have better fitting
models, which can be explained by their relatively healthy crowns. In contrast, pagoda trees
have a sparse canopy structure with high variation in crown diameter, which makes curve
fitting harder. Worse fits might be caused in general by heterogeneity in the tree locations
(which affects the forms of the crowns and other growth characteristics of the trees). Besides
that, although trees had been chosen with crowns in a good condition, the shapes of the
crowns are affected by light exposure and may be affected by pruning and other management
activities, which might cause greater variation in the investigated size parameter. Further
investigations from other cities in this climate zone would increase the reliability of the
models for practical applications.

4. CONCLUSION

We carried out some background studies on some aspects of the growth and allometric
relationships of urban trees in the context of ecosystem services. The main aims were to
correct the models for calculating two important climate-related ecosystem service indicators
(leaf area and stored carbon) based on Hungarian growth functions. Based on our results and
their comparison with the field-based estimates of the referring values, we consider that our
approach is usable for planning targeted simulation modeling tools. Further research is
needed for suitable methods to take the loss of biomass at high ages into account, if the
ecosystem service providing capacity of old trees is in the focus of investigations. Another
goal was to test curve fitting algorithms to form a base for allometric equations describing
relations between two size parameters of trees. The models should be refined based on more
extended datasets. We consider that management-oriented tree cadastres are suitable for
determining allometric models for predicting certain size parameters or biomass indicators
from more easily measurable parameters.
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