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Preface

This book presents the main research results of the 31st edition of the long-standing
and established international and interdisciplinary conference series on environ-
mental information and communication technologies (EnviroInfo 2017).

The conference was held on 13–15 September 2017 at the Neumünster Abbey in
Luxembourg, organized by the Luxembourg Institute of Science and Technology
(LIST), under the patronage of the Technical Committee on Environmental
Informatics of the German Informatics Society.

The tag line of this year’s conference was “From Science to Society: The Bridge
provided by Environmental Informatics”. It underlines that Environmental
Informatics has its roots in applied research and that it is not an ivory tower
discipline. Environmental research at the local organizer LIST, a research and
technology organization, is a clear example of this focus on doing research that has
a high impact on the society. At the same time, the location Luxembourg truly
exemplifies some of the complex research topics for Environmental Informatics
today. For example, due to its size and geographical situation, the country is
specifically challenged by environmental issues that cross borders such as the
impact of environmental disasters, emissions caused by the cross-border mobility
due to the international workforce in the country, or the interoperability of envi-
ronmental decision systems in general.

The articles in this book give some innovative answers to these and other
questions that are relevant for Environmental Informatics research, such as semantic
interoperability modelling used for disaster management, sustainable mobility
solutions, approaches for energy-aware software-engineering, and land-use
planning.
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The editors would like to thank all the contributors to the conference and these
conference proceedings. Special thanks also go to the members of the programme
and organizing committees. In particular, we would like to thank all those involved
at the local organizer, LIST. Last, but not least, a warm thank you to our sponsors
that supported the conference.
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Belvaux, Luxembourg Patrik Hitzelberger
Birkenfeld, Germany Stefan Naumann
Berlin, Germany Volker Wohlgemuth
June 2017

vi Preface



EnviroInfo 2017 Organizers

Chairs

Dr. Benoît Otjacques, Luxembourg Institute of Science and Technology,
Esch/Alzette, Luxembourg
Prof. Dr. Stefan Naumann, Hochschule Trier—Umwelt-Campus Birkenfeld, Trier,
Germany

Programm Committee

Arndt, Hans-Knud
Bartoszczuk, Pawel
Bunse, Christian
Del Frate, Fabio
Dieudé-Fauvel, Emilie
Düpmeier, Clemens
Fischer-Stabel, Peter
Fishbain, Barak
Förster, Anna
Fuchs-Kittowski, Frank
Funk, Burkhardt
Geiger, Werner
Greve, Klaus
Heikkurinen, Matti
Hilty, Lorenz M.
Hitzelberger, Patrik
Hönig, Timo
Jensen, Stefan
Johann, Timo

vii



Karatzas, Kostas
Kern, Eva
Klafft, Michael
Knetsch, Gerlinde
Knol, Onno
Kremers, Horst
MacDonell, Margaret
Marx Gómez, Jorge
Mattern, Kati
Möller, Andreas
Müller, Berit
Naumann, Stefan
Niemeyer, Peter
Niska, Harri
Ortleb, Heidrun
Otjaques, Benoît
Page, Bernd
Parisot, Olivier
Pattinson, Colin
Pillmann, Werner
Rapp, Barbara
Schade, Sven
Schaldach, Rüdiger
Schöner, Dominik
Schreiber, Martin
Simon, Karl-Heinz
Sonnenschein, Michael
Susini, Alberto
Tamisier, Thomas
Thimm, Heiko Henning
Voigt, Kristina
Wagner vom Berg, Benjamin
Willenbacher, Martina
Winter, Andreas
Wittmann, Jochen
Wohlgemuth, Volker

viii EnviroInfo 2017 Organizers



Contents

Part I Applications of Geographical Information Systems
and Disaster Management

Forecasting the Spatial Distribution of Buildings that Will
Remain in the Future . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Toshihiro Osaragi and Maki Kishimoto

Research on the Potential Environmental Zonation
of Red Flesh Dragon Fruit in Vinh Phuc Province. . . . . . . . . . . . . . . . . . 13
Minh Nhat Thi Doan, Cong Thien Dao, Nam Ta Nguyen,
Hang Thanh Thi Nguyen, Hang Le Thi Tran, Son Thanh Le
and Manh Van Vu

Evacuation Exercises and Simulations Toward Improving
Safety at Public Buildings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Angela Santos, Margarida Queirós and Gabriele Montecchiari

Part II Environmental Modelling and Simulation

Estimating the Environmental Impact of Agriculture by Means
of Geospatial and Big Data Analysis: The Case of Catalonia . . . . . . . . . 39
Andreas Kamilaris, Anton Assumpcio, August Bonmati Blasi,
Marta Torrellas and Francesc X. Prenafeta-Boldú

Land-Use Change and CO2 Emissions Associated with Oil Palm
Expansion in Indonesia by 2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Liselotte Schebek, Jan T. Mizgajski, Rüdiger Schaldach
and Florian Wimmer

Application of the Forgotten Effects Theory for Assessing the Public
Policy on Air Pollution of the Commune of Valdivia, Chile . . . . . . . . . . 61
Erna Megawati Manna, Julio Rojas-Mora and Cristian Mondaca-Marino

ix



Initial Assessment of Air Pollution and Emergency Ambulance
Calls in 35 Israeli Cities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Barak Fishbain and Eli Yafe

Saltwater Intrusion Forecast of the Pleistocene Aquifer Caused
by Groundwater Exploiting in the Nam Dinh Coastal Zone . . . . . . . . . . 83
Trinh Hoai Thu, Nguyen Van Nghia, Tran Thi Thuy Huong, Do Van
Thang and Nguyen Thi Hien

Part III Energy Informatics and Environmental Informatics

Energy Data Management in an Eco Learning Factory
with Traditional SME Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
Heiko Thimm

Methodology for Optimally Sizing a Green Electric and Thermal
Eco-Village. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
Sasan Rafii-Tabrizi, Jean-Régis Hadji-Minaglou, Frank Scholzen
and Florin Capitanescu

Multi-Model-Approach Towards Decentralized Corporate
Energy Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
Christine Koppenhoefer, Jan Fauser and Dieter Hertweck

Solar Cadaster of Geneva: A Decision Support System
for Sustainable Energy Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
G. Desthieux, C. Carneiro, A. Susini, N. Abdennadher, A. Boulmier,
A. Dubois, R. Camponovo, D. Beni, M. Bach, P. Leverington
and E. Morello

Goal-Based Automation of Peer-to-Peer Electricity Trading . . . . . . . . . . 139
Jordan Murkin, Ruzanna Chitchyan and David Ferguson

Part IV Software Tools and Environmental Databases

A Literature Survey of Information Systems Facilitating
the Identification of Industrial Symbiosis . . . . . . . . . . . . . . . . . . . . . . . . . 155
Guido van Capelleveen, Chintan Amrit and Devrim Murat Yazan

Using Twitter for Geolocation Purposes During the Hanse
Sail 2016 in Rostock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
Ferdinand Vettermann, Christian Seip and Ralf Bill

Smart Monitoring System of Air Quality and Wall Humidity
Accompanying an Energy Efficient Renovation Process
of Apartment Buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
Grit Behrens, Johannes Weicht, Klaus Schlender, Florian Fehring,
Rouven Dreimann, Michael Meese, Frank Hamelmann, Christoph Thiel,
Thorsten Försterling and Marc Wübbenhorst

x Contents



A Lightweight Web Components Framework for Accessing
Generic Data Services in Environmental Information Systems . . . . . . . . 191
Eric Braun, Alessa Radkohl, Christian Schmitt, Thorsten Schlachter
and Clemens Düpmeier

From Sensors to Users—Using Microservices for the Handling
of Measurement Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
Thorsten Schlachter, Eric Braun, Clemens Düpmeier, Hannes Müller
and Martin Scherrer

A Data Context and Architecture for Automotive Recycling . . . . . . . . . . 215
Clayton Burger and Alexandra Pehlken

Application of Methods of Artificial Intelligence for Sustainable
Production of Manufacturing Companies . . . . . . . . . . . . . . . . . . . . . . . . . 225
Martina Willenbacher, Christian Kunisch and Volker Wohlgemuth

Part V Energy Aware Software-Engineering and Development

On the Impact of Code Obfuscation to Software
Energy Consumption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
Christian Bunse

Energy Consumption and Hardware Utilization of Standard
Software: Methods and Measurements for Software Sustainability . . . .. . . . 251
Achim Guldner, Marcel Garling, Marlies Morgen, Stefan Naumann,
Eva Kern and Lorenz M. Hilty

Green Computing, Green Software, and Its Characteristics:
Awareness, Rating, Challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263
Eva Kern

A Framework for Optimizing Energy Efficiency in Data Centers . . . . . . 275
Volkan Gizli and Jorge Marx Gómez

GranMicro: A Black-Box Based Approach for Optimizing
Microservices Based Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
Ola Mustafa, Jorge Marx Gómez, Mohamad Hamed and Hergen Pargmann

Part VI Sustainable Mobility

Providing a Sustainable, Adaptive IT Infrastructure for Portable
Micro-CHP Test Benches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297
Dominik Schöner, Richard Pump, Henrik Rüscher, Arne Koschel
and Volker Ahlers

Contents xi



An Approach for a Comprehensive Knowledge Base for a DSS
to Determine the Suitability of Open Data Business Models . . . . . . . . . . 309
Johann Schütz, Dennis Schünke, Benjamin Wagner vom Berg,
Christian Linder and Frank Köster

New Era of Fleet Management Systems for Autonomous Vehicles . . . . . 319
Alexander Sandau and Jorge Marx Gómez

xii Contents



Part I
Applications of Geographical Information

Systems and Disaster Management



Forecasting the Spatial Distribution
of Buildings that Will Remain
in the Future

Toshihiro Osaragi and Maki Kishimoto

Abstract Changes in land use in established city areas generally arise when older
style buildings are demolished and replaced by contemporary buildings. The
direction and the speed of land use change are dependent on the possibility and
probability that buildings will be demolished or will remain in the future. Hence,
various studies about the life span of buildings have been carried out, and proposed
statistical models that could estimate the value of probability that buildings would
be demolished or would remain in a specific time interval, based on the age of
buildings. However, in general it is not easy to acquire the necessary information
about the age of buildings. In order to extend the application of the proposed model
to these cases, we propose a method for estimating the number of buildings that will
remain in the future when data about the age of buildings cannot be obtained.

Keywords Interval probability function of remainder � Age of building � Life
span � Disaster prevention planning � Land use model � Tokyo

1 Introduction

A basic unit of land use change is a building lot owned by a landowner or business
proprietor. Land use changes generally arise when older style buildings are
demolished and replaced by contemporary buildings. Such phenomena are often
observed in established high-density areas. Hence the direction and the speed of
land use change are dependent on the possibility and probability that buildings will
be demolished or will remain (Osaragi and Nishimatsu 2013). This is quite different
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from land use change in suburban areas, where a major concern is “change of
land-use classification, for example, change from field/forest to residential area”.

In respect of the field of disaster prevention planning, conversion of building
structures or materials to an incombustible state is one of the most important issues
(Osaragi 2013). Although research regarding the provision of fire-fighting services
is of relevance to these disasters (Adrian et al. 1983, Richard et al. 1990; Wallace
1993), we should discuss fire prevention rather than control in order to compre-
hensively address the problem of multiple uncontrolled fires following a large
earthquake (Wallace 1991). The process of conversion of cities to an incombustible
state has not thus far been strongly promoted, because of the large amount of
resources necessary for rebuilding. Conversion of buildings to an incombustible
state is generally achieved when older style buildings are demolished and replaced
with contemporary buildings. The speed at which building structures or materials
may be changed is thus dependent also on the possibility and probability that
buildings will be demolished.

Various studies about the life span of buildings have been carried out (Kaplan
and Meier 1958), since the life span of buildings is one of the basic concerns in
various fields including urban economics and management, land use, and disaster
prevention planning. Reliability theory has been applied in many studies, and they,
in turn, proposed methods for assessing the probability that buildings will be
demolished or remain in the future (Komatsu 1992; Osaragi et al. 2002). However,
most of these studies have considered the case that the life span of buildings is a
simple, single-variable function dependent only on the age of the building. Given
this background, Osaragi (2004) proposed a statistical model that can evaluate
characteristics of buildings and location, which in turn affect the life span of
buildings. In particular, he examined characteristics of buildings (age of building,
construction materials, building type, etc.) and characteristics of locations (land use
zoning, building area to plot ratio, accessibility to railway stations, etc.), and
evaluated how these factors affected the life span of buildings. Furthermore, he
proposed a mathematical model, referred to as the “interval probability function of
remainder”, that can stably estimate the probability that buildings will be demol-
ished or will remain within a time interval (Osaragi 2005). That is, if information
about the age of each building is acquired, the demolished/remaining probability
can be estimated and applied in a variety of micro-simulation models.

However, in the general use of the model, the age of each building must be
known in order to estimate the value of the probability. This requirement is an
impediment to the application of the proposed model to actual urban data. In this
article, in order to modify this disadvantage and extend applications of the model,
an alternative method of the model is proposed using the concept of the “average
decrepitude of buildings”, which can be estimated from time series digital maps of
cities. The average decrepitude of buildings can be considered as a
quasi-average-age of buildings in an area, which can be calculated from the number
of buildings that remain in a time interval. The utility and the efficiency of the
alternative method are examined by consideration of numerical examples based on
actual data taken from densely built-up areas of the Tokyo metropolitan area.

4 T. Osaragi and M. Kishimoto



2 Modeling of the Probability Function of Remainder

The age of buildings is denoted by t (t� 0), and the category of buildings or
locations (construction materials, building type, land use zoning, building area to
plot ratio, accessibility to railway station, etc.) is denoted by j (j = 1, 2, …, m). The
probability that a building of category j exists at age t is expressed by Pj(t). This
function is labeled the “probability function of remainder”. It is assumed that
derivative of Pj(t) with respect to age t can be obtained. Moreover, “the density
function of life span” is expressed by fj(t), and “the demolition function” which
expresses the ratio of buildings being demolished is denoted by hj(t). The following
relations exist between the above variables,

fjðtÞ ¼ �dPjðtÞ
dt

; ð1Þ

hjðtÞ ¼ fjðtÞ
PjðtÞ : ð2Þ

On the substitution of the expression for fj(t) derived from Eq. (2) for fj(t) in
Eq. (1), we obtain

PjðtÞ ¼ exp �
Z t

0
hjðxÞdx

� �
: ð3Þ

Although it is important to investigate the characteristics of demolition function
hj(t), for the present purposes it is assumed that hj(t) can be expressed by the
following equation using Taylor’s expansion,

hjðtÞ ¼
XK�1

k¼0

hðkÞj ðaÞ
k!

ðt � aÞk; ð4Þ

where hj
(k)(a) is the derivative of hj(t) with respect to time at the age t = a, and K is a

constant sufficiently large to ensure a satisfactory approximation. Expressing the
demolition function hj(t) as a polynomial of age t in this way, Eq. (3) can be
rewritten as follows,

PjðtÞ ¼ exp �
XK
k¼1

ajkt
k

" #
; ð5Þ

where ajk is a constant coefficient corresponding to the coefficients k of the powers
of t in Eq. (4). Specifically, the demolition function, hj(t), can be expressed using
the coefficients ajk as follows:

Forecasting the Spatial Distribution of Buildings … 5



hjðtÞ ¼
XK
k¼1

kajkt
k�1: ð6Þ

The probability that a building, which has survived to age t, continues to survive
to age t + Δt (Δt > 0) is expressed by Pj(t + Δt|t). This function is hereafter called
“the interval probability function of remainder”. Since Pj(t + Δt|t) is a conditional
probability of Pj(t), it has the following relationship with the probability function of
remainder, Pj(t),

PjðtþDtjtÞ ¼ PjðtþDtÞ
PjðtÞ

¼ exp �
XK
k¼1

ajkfðtþDtÞk � tkg
" #

:

ð7Þ

Thus, the values of Pj(t) and Pj(t + Δt|t) can be obtained and applied to a variety
of simulation models, if the coefficients ajk are estimated.

The values of ajk can be estimated as maximum likelihood estimators by
applying the undetermined multipliers method of Lagrange. Due to the limitation of
pages, we omit the detailed description for the estimation method, which shows that
the Lagrange function is a convex function of the coefficients ajk. That means, a
local minimum solution, which is a typical problem in optimization by the
Hill-climbing method, does not exist for the present problem.

3 Methods for Estimating the Number of Buildings
that Will Remain

We describe four methods, shown in Fig. 1, for predicting the number of buildings
that will remain in through a time interval. First, if information about ages of
buildings is acquired, the following two methods are available, which use the
probability function of remainder directly.

Method (1): Substituting the age of each building for the variable t in Pj(t + Δt|t),
the value of the interval probability of remainder is then predicted for each building.
This method thus requires detailed information about building ages to be effective
in predicting the demolished/remaining status of each building, one by one.

Method (2): Substituting the mean value of buildings age�t in a study area for the
variable t in Pj(t + Δt|t), the average value of the interval probability function of
remainder is then derived. This method can be used in situations where not all of the
ages of the buildings are known, but the mean value of the ages of buildings in the
study area is known. It differs from method (1) in that the value of the interval
probability function of remainder is therefore assumed to be the same constant
value for all buildings of the same type in the area. Accuracy is thus expected to

6 T. Osaragi and M. Kishimoto



Fig. 1 Methods for estimating the number of buildings that will remain

Forecasting the Spatial Distribution of Buildings … 7



diminish when the actual age of a building differs significantly from the mean value
of building age in the study area.

If no information about ages of buildings is available, the following two methods
can be applied by using digital maps of building forms at the two points in time.

Method (3): By comparing building forms at time T and time T + ΔT on geo-
graphic information systems (GIS), we can extract data for the number of buildings
in existence at time T, Nj

T, and at time T + ΔT, Nj
T+DT. From these two values, the

value of the mean ratio of remainder �PjðDTÞ of term ΔT can be derived.
Furthermore, the value of the mean ratio of remainder �PjðDtÞ of term Δt can also be
estimated by calculating the Δt/ΔT power of the value �PjðDTÞ. However, since the
value of the mean ratio of remainder is assumed constant across any given interval,
this method is not therefore considered to be suitable for long-term predictions.

Method (4): Substituting the value of �PjðDTÞ for the inverse function of
Pj(t + Δt|t), the average decrepitude of building t̂ at time T can be estimated. The
average decrepitude of buildings t̂ is considered as a quasi-mean-age of buildings in
the area. Note that the value t̂ may be larger or smaller than the actual mean age of
the building. Substituting this value t̂ for the variable t of Pj(t + Δt|t), the value of
the interval probability function of remainder in term Δt will be obtained.

4 Validation of Methods

Using the data for Mitaka city in Tokyo, the number of buildings that remain in
given specific time intervals is estimated using the four methods, and their accuracy
is examined. The interval probability function of remainder according to building
type is constructed using data from 1994 and 1996. Then, the number of buildings
existing in 1994 that are expected to remain 4 years later (in 1998), is estimated by
the four methods. Estimated values according to the building type for each town
(the number of towns is 11) are compared with the actual observed values. Here, the
accuracy of the estimates is evaluated by the following absolute error rates,

ei ¼ 1
M

XM
j¼1

Nij � N̂ij

Nij

����
����� 100 ½%�; ð8Þ

where a suffix j (j = 1, 2, …, M) denotes a building type and a suffix i denotes a
town ID number. The value Nij is the actual observed value, while N̂ij is the
corresponding estimated value.

The absolute error rate of the number of remaining buildings estimated by each
method is shown in Fig. 2. For “commercial buildings”, the estimation accuracy of
method (1) is superior to that of the other methods. Before performing this analysis,
we expected that method (1), using the age of each building, would offer the highest
stability and accuracy for all building types. However, the results show that these

8 T. Osaragi and M. Kishimoto



expectations are not fulfilled. With this method, the same interval probability
function of remainder is assumed across the whole area for buildings of the same
type. In a small area like a town, however, the influence of the regional gap of
demolition characteristics should not be ignored. Therefore, the estimation accuracy
is not as high as was expected, even if detailed information of buildings’ ages is
used in the estimation. That is, we can conclude that the study area should be
divided into sub areas in order to estimate the interval probability function of
remainder more accurately if the demolition characteristics of building type are
strongly dependent on local characteristics.

According to the results of “detached houses”, “flats”, and “others”, the esti-
mation accuracy of method (4) is higher than methods (1) and (2). As described in
the above paragraph, the average decrepitude of buildings in each area used in
method (4) reflects the demolition characteristics in the object area. Therefore, even
if an area includes many comparatively new buildings, in practice, if the rate of
demolition is high in the area, the degree of demolition might also be relatively
high. Consequently, even if the same interval probability function of remainder is
used, the estimate of method (4) may be of higher accuracy than methods (1) or (2),
which do not incorporate the local characteristics of locations.

Next, the correspondence between the estimated values of the number of
demolition buildings and the actual observed values are examined. The results are
shown in Fig. 3. Each point in Fig. 3 corresponds to one town. Although some
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methods (Each point corresponds to a single towns in Mitaka city)
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towns show large estimation errors, overall the estimated values and the actual
observed values correspond well.

Next, we consider here the flexibility of application of the method of the interval
probability function of remainder. The number of remaining buildings in Tokyo’s
Setagaya ward is estimated by method (4) using the interval probability function of
remainder of Mitaka city. A corresponding estimate is also derived from method
(3), and then the estimation accuracies of these two methods are compared. That is,
the estimation accuracy is examined for the case when the ages of the buildings are
unknown. By overlaying the building forms of 1991 and 1996 using the Tokyo GIS
data, information of whether buildings are demolished or remain is obtained.

The number of buildings of remaining for 10 years (i.e. to 2001) is estimated,
considering 1991 as the initial year. Specifically, since the mean ratio of remainder
for 10 years is required to apply method (3), the squared value of the mean ratio of
remainder for 5 years is estimated. In the process of applying method (4), first, the
average decrepitude of buildings t̂ in 1991 for each town is estimated by using
the interval probability function of remainder. By substituting this value t̂ for the
interval probability function of remainder Pj(t+10|t), the probability that each
building will continue to remain after 10 years is estimated. The rate of the mean
absolute error is calculated by Eq. (3), and the results are shown in Fig. 4. It is
shown that the rate of the mean error of method (4) is smaller than that of method
(3). For detached houses, flats, and commercial buildings, the rate of the mean error
is around 5 percent or less. Since the study area is different from the area from
which the parameters are estimated, the results are inferior to those shown in Fig. 2.
However, the results shown in Fig. 4 are sufficiently accurate for practical purposes.
For longer estimations, estimation accuracy will diminish, since method (3) as-
sumes constancy of the mean ratio of remainder. On the other hand, since method
(4) uses the average decrepitude of buildings, it is possible to describe the proba-
bility of remaining precisely, using an expression that varies with time. Therefore,
method (4) shows a higher accuracy than method (3).

Next, in order to examine the estimation accuracy of method (4), the actual and
estimated values of the number of demolition buildings for each town are compared
(the number of towns in Setagaya ward is 62). The results are shown in Fig. 5. For
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the case of detached houses, since the actual values of the demolition rate in
1991–1996 are lower than those of 1997–2001, the estimated values are a little
small in many towns. We can say, however, that overall there is good agreement
between the estimated and actual values.

5 Summary and Conclusions

In this research, a method for extending the application of the interval probability
function of remainder is proposed, in order to facilitate the incorporation of this
function into micro-simulation models, such as land use models and disaster pre-
vention planning for established city areas. In particular, it is shown that the average
decrepitude of buildings can be calculated if the data of building forms at two points
in time can be obtained, even if information about the age of buildings is not
available. Moreover it is shown that the number of remaining buildings can be
estimated to a high degree of accuracy (the rate of error is about 1–4%) in a
comparatively small spatial unit like a town. Furthermore, by using the interval
probability function of remainder and the average decrepitude of buildings, esti-
mations of the number of demolished/remaining buildings in the future can be
achieved to a high accuracy.
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Zonation of Red Flesh Dragon Fruit
in Vinh Phuc Province
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and Manh Van Vu

Abstract Red flesh dragon fruit (Hylocereus polyrhizus) or pitaya is well-known
as an excellent source of antioxidants and high content of nutrients. The Red flesh
dragon fruit is a hybrid of the white flesh dragon fruit Hylocereus undatus and a
native Hylocereus costaricensis from Middle and North America. It brings high
economic efficiency and currently being developed in the province of Vinh Phuc.
The main objective of the study is to create a model, which help to determine the
suitability in developing dragon fruit cultivation in Vinh Phuc province in order to
support local agricultural and land use planning. The model is built based on the
application of Geographic Information System (GIS), Kriging interpolation method,
Multi-Criteria Decision Analysis (MCDA) method, Fuzzy Set Theory and Analytic
Hierarchy Process (AHP) to evaluate and map the area suitable zonation for
farming.
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1 Introduction

Vinh Phuc is located in Red River Delta. It is one of the seven provinces of the
Northern key economic zone. Vinh Phuc province is bordered to the North by Thai
Nguyen and Tuyen Quang, to the west by Phu Tho, to the south by Hanoi, to the
east by 2 districts: Soc Son and Dong Anh of Hanoi city. The province has 9
administrative units: Vinh Yen City, Phuc Yen town and the districts: Binh Xuyen,
Lap Thach, Song Lo, Tam Duong, Tam Đao, Vinh Tuong, Yen Lac (Fig. 1).

Vinh Phuc is one of the provinces that have the highest level of GDP growth rate
of the entire country. In order to ensure the sustainable development, the province
has identified the direction of developing the service industry to re-invest in agri-
culture, mobilizing investment capital for production development and construction
of agricultural infrastructure (Vinh Phuc Provincial People’s Committee 2011). In
planning the agricultural development of the province, the red flesh dragon fruit
was added to the list of crops with high economic value. However, until now, this
crop has not been studied for the zonation developed in accordance with the
environmental conditions of the province.

Red flesh dragon fruit is hybrid between white flesh dragon fruit Hylocereus
undatus and Hylocereus costaricensis, a native breed originated in Central and
North America. Red flesh dragon fruit is one of the fruit plants which bring high
economic efficiency in both developed North and South Vietnam, most concen-
trated in Binh Thuan. Dragon fruit can grow and develop in different soil types such

Fig. 1 Vinh Phuc administrative map
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as sandy soil, gray soil, alkaline soil to alluvial soil, red soil bazan, soil. The
temperature suitable for the red dragon fruit growth and development ranges from
15 to 35 °C (Van Ke 1998), in which the most appropriate temperature ranges from
21 to 26 °C (Liaotrakoon 2013). The weather conditions of light frost, even for a
short time will also affect red dragon fruit growth. The demand of precipitation for
crops ranges from 800 to 2000 mm/year (Van Ke 1998). A good drainage system
can reduce the influence of precipitation on the flowering, fruiting of trees. The red
dragon fruit is photophilic plants, suitable for cultivation in areas where there are
lots of light. In addition, it can be planted in the low slope area in (Truong Thi Dep
2000).

2 Methodology

The research applied a series of criteria in order to find potential development of the
red dragon fruit tree planting. The criteria include temperature, precipitation, dis-
tance to the irrigation source, distance to roads, slope.

2.1 Impact Factors for the Suitability of Growing Dragon
Fruit

Temperature
Temperature is a factor that greatly affects plant growth. Plants can grow in a wide
temperature range, but different types of plants have different minimum and max-
imum temperature points. The minimum temperature and the maximum tempera-
ture for the growth of the plant are the temperature points at which the plant stops
growing. Limits of temperatures growth change with the adaptation of plants in
different ecological zones. To evaluate the regions having potential for the growth
and development of dragon fruit, research based on the field examinations, using
the Linear Regression with 2 variables: elevation and temperature to find the
relationship between temperature and elevation, thereby construct the map of
temperature for the target area. With 10 data points observed in fieldtrip, the
research obtained.
Equation of variability of temperature depending upon elevation in the winter:

y ¼ �0:006xþ 18;769

Equation of variability of temperature depending upon elevation in the summer:

y ¼ �0:0054xþ 32:517

where: y is temperature (°C); x is elevation (m).
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By the result of study about relationship between temperature and elevation,
using DEM for Vinh phuc province, the research created temperature map for this
area in the winter and summer (Fig. 2).

Precipitation
The research used the data of rain capacity monitored from monitor stations on the
locality of Vinh Phuc province, as well as international monitoring data shared by
Globalweather (NCEP). The precipitation map of the study area was interpolated by

Fig. 2 Map of temperature in summer and winter

Fig. 3 Map of precipitation in rain and dry season
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Ordinary Kriging from the average monitoring data of two seasons: rainy season
(from April to September) and dry season (from October to March) (Fig. 3).

Slope
Slope is also an important factor in assessing suitability for selection of
crop. Sloping land is often subjected to erosion, which leads to land degradation,
soil degradation, poor nutrient, structural failure, pH reduction, increase of levels of
soil toxicants and it can make the soil die biologically. Most of sloping lands are
degraded and sour, many areas were deserted due to loss of agricultural and forestry
production ability. For dragon fruit, the lower the slope, the more suitable for
cultivation. In this study, the slope map was created based on the DEM of Vinh
Phuc (Fig. 4).

Distance to Irritation Source, Distance to the Road
The distance to the irritation source is also taken into account in determining the
suitability of cultivation. Based on the map of Red river in Vinh Phuc province,
the study used the IDRISI tool to calculate the raster map showing the distance to

Fig. 4 Map of slope
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Fig. 5 Distance to the road and distance to irritation source

the irrigation source for each location. The distance to the irritation source for
growing the dragon fruit should range from 20 m to 100 m. If the distance is less
than 10 m, the location is not suitable for growing dragon fruit because it can be
influenced by flooding and landslide. A distance of more than 100 m is also con-
sidered inappropriate due to the difficulty of water supply for irrigation.

For the purpose of harvesting, transporting products, the distance to roads is also
included as an indicator to assess the suitability of dragon fruit cultivation. Research
used optimal distance to the road from 20 to 100 m, over 5000 m is considered
inappropriate (Fig. 5).

2.2 Evaluate, Synthesize and Analyze Data

Multiple-criteria decision analysis (MCDA)
Multiple-criteria decision analysis (MCDA) is a sub-discipline of operative research
that explicitly evaluates multiple conflicting criteria in decision making. MCDA
methods can be divided into 2 types: (i) multi-objective decision making (MODM)
and (ii) multi-attribute utility theory (MAUT). This stage includes standardization,
expert work, weighting calculation, and summary analysis of all criteria considered
in the decision-making process

Standardize the evaluation factors
Since the datas collected are measured on different scales, the first step of MCDA is
to standardize all data sets and comparable units. There are a large number of
approaches that can be used to create attribute classes of comparable criteria. Based
on the researches and experiences of the experts, in this study, the fuzzy set theory
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