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ABSTRACT. Glasshouse is a kind of greenhouse that is larger than prevalent greenhouses. Glass-
houses may have wide various applications and totally, is more applicable than greenhouse. One im-
portant point about glasshouse that should be considered is selecting a good location. Besides, finding
a suitable location for this purpose is so hard because establishing a glasshouse needs a large area.
Financial justification which is a major issue in glasshouse Investments highlights the importance of
its locating. This research is based on strategic property management perspectives and its results can
be used to properly locate an economically justifiable glasshouse in both governmental and private
levels. There are some other important criteria affects on this issue. This research aimed at presenting
new hybrid framework for glasshouse locating based on two MCDM methods. SWARA and COPRAS
are applied in this research for glasshouse locating. This methodology for the first time is applied in a
research. SWARA is applied for evaluating criteria and COPRAS is applied for evaluating alternatives.
For illustrating the research methodology, a case study in Tehran, Iran is presented in the research.
This research can be useful as a framework for this aim and also has the advantage to apply in other
research areas.
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1. INTRODUCTION

The most important human’s ability which differ-
entiates him from other creatures is decision mak-
ing. Decision making is a very old science maybe
as old as human being. In addition, today it is an
important part of management science. Decision
making can be regarded as a mental process re-
sulting in the selection of a course of action among
several alternative scenarios. Every decision mak-
ing process produces a final choice (Reason 1990).
The output can be an action or an opinion of choice.

There 1s a kind of decision making which
called ‘Location decision’. Location decision deals
with problems whose information is geographical
(Farahani et al. 2010), and it also named ‘Location
science’. Different types of maps are used in this
kind of decision making. Maps introduce various
data such as economic information, seismic maps,

* Corresponding author. E-mail: sa.hashemkhani@gmail.com

wind direction, transportation, etc. These materi-
als define the criteria of the decision. Criteria for
this paper will be introduced in next section.

Location science is started by Alfred Weber’s
book (Weber, Friedrich 1929), however quite a
lot of comprehensive books have been written in
the last 4 decades. There is a considerable body
of literature about location science (for instance
see, Church, Murray 2009; Daskin 1995; Francis
et al. 1992; Handler, Mirchandani 1979; Love et al.
1988; Mirchandani, Francis 1990; Nickel, Puerto
2005).

A greenhouse is a building which constructed
with light scaffold, because it has to be covered
by transparent or translucent skin for maximum
light transmission and heat retention. They are
designed to prepare the artificial suitable situa-
tion for plants growing and save plants from dif-
ferent weather conditions (Freeman 1998; Zhang

Copyright © 2015 Vilnius Gediminas Technical University (VGTU) Press
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Table 1. Greenhouse guideline

Greenhouse design considerations

Greenhouse Function of greenhouse operations

for use by

High school Growing and/or maintaining small number
of plant specimens for observation.

Vocational Providing basic experience in commercial

school crop production.

Liberal arts

Growing and/or maintaining plant speci-

college, mens. Simple research projects involving
university small number of plants.

Agricultural ~ Simulating commercial production of plant
colleges materials. Propagating and finishing zones.

Scientific re-

One or more crops, such as cut flowers, pot
plants, vegetables, ornamentals,etc.

Complex research objects involving numer-

search ous plants, multiple compartments for sepa-
rate climates, precise data recording. May
require separate cluster of working green-
houses for major research projects.

Public Display of plant collections. Usually pro-

conservatory  vides three climates-tropic, temperate, arid.
May require separate cluster of working
greenhouses for plant production. Munici-
pal conservatories often grow plant materi-
als for all civic planted areas.

Commercial ~ Actual production of plant materials. May

growing include all stages from propagating to fin-

operation ishing of single or multiple crops.

Hobby Growing and/or maintaining small plant

gardening collections, forcing bulbs, rooting seeding,

ete.

Space-10 sq.ft. per student enrolled in course. Requires con-
sistent, day-to-day control of environment.

Space-20 sq.ft. per student enrolled in course. Greenhouse
should be small-scale edition of commercial operation with
three separate temperature zones: 50-55° min., 60° min.,
& 65+° min.

Space-10 sq.ft. per student using dept. Often greenhouse is
art of Science Building complex and must conform to other
architecture or site. Many configurations possible.
Space-100+ sq.ft. per student in dept. Layout, facilities,
equipment, and controls should be designed or horticultural
applications and equal to those used by commercial grow-
ers.

Space-Varies from 250 sq.ft. up per growth chamber or com-
partment, depending on type of research.

Space-1.5 acres per million population. Provide 40,000 sq. ft
working greenhouses to 20,000 sqft display area. Display
buildings re enhanced by acrylic glazing, design-oriented
structural systems. Criteria for working greenhouses same
as for commercial.

Space-40,000 sq.ft. min for profit. Glaze with glass, fiber
glass, combination, use sloping or curved roof profile. Pro-
vide 1,000 sq.ft. service area for 6,000 sq.ft. growing area.
Maximum environmental control justified on basis of in-
creased profitability. Single or multiple units, compartmen-
talized or open ridge and furrow.

Space-100 sq.ft. min. Small prefabricated bldg. with envi-
ronment package provides neat-appearing, horticultural
adequate unit.

Source: De Chiara and Callender (1990).

2003; Hixon 2009). A greenhouse is a building in
which plants are grown. These buildings range in
size from small sheds to huge structures. These
structures are designed and constructed in differ-
ent sizes and types for various usages (Marshal
2006). Greenhouses prepare artificial environment
for growing the plants. In addition, greenhouses
gather different plants from different climates in a
single place. Also it is used to produce more plants
with more quality.

Deferent types of greenhouse for various us-
ages have been constructed around the world and
a brief description is presented in the following.
Altered purposes of greenhouses are mentioned in
Table 1.

Greenhouse which is designed in the present
project considers different classes of users. This
building is designed for scientific researches use,
public conservatory and commercial growing oper-
ation. Therefore, its area should be approximately
50,000 m2. Obviously, enormous cost of this build-
ing dictates that designers should pay more atten-

tion to each step of the design process. This paper
investigates a section in preliminary design part
(locating) to find the best location for the project.

Large greenhouses which use to display differ-
ent types of plants is called glasshouse. This re-
search focuses on this kind of greenhouse. There
are not so many glasshouses in the world and also
there is not any greenhouse in this scale in Iran.
Recently, importance of glasshouses in Iran has
increased. Building the glasshouses requires the
large areas and for this purpose, this research
aimed at present new frameworks for selecting the
best place to establish it.

Many different types of buildings and facilities
have to be established in developing countries.
Cultural and economical desires will be changed
during the developing period and new buildings
can satisfy new needs. Therefore, construction of
these building is necessary.

Locating of a great glasshouse is the topic of
this investigation, because it offers some advan-
tages to its host city. Tehran as a metropolis needs
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more tourist attraction and monumental buildings.
In cultural point of view, Tehran is a poor city and
it doesn’t have sufficient museum, exhibition, gal-
leries and greenhouse. This building can satisfy
some of these deficiencies.

One of the key strategic planning tools for in-
stitutions is property management. Many facili-
ties have their critical importance in urban and
national management. In addition, glasshouses
are significant in Iran because of different aspects.
Establishing a glasshouse has financial justifica-
tions for investors in Iran in both governmental
and private models. Due to population growth of
Iran more food is needed. Therefore, it’s important
to manage food industry in country. Another im-
portant issue in this subject is quality of food. The
food industry isn’t still up to date and advanced.
Selecting the best place for establishing a glass-
house can increase its financial justifications and
decrease strategic risk for investors. The results
of this research can justify its importance. There
are three stages in development of the projects in
typical real states: the first is planning stage, the
second 1s final planning stage and the last one is
project management stage (Pellicer, Victory 2006).
This research can be considered as a section in
first stage.

In this research two MCDM methods including
SWARA and COPRAS are applied for glasshouse
locating. SWARA will use for evaluating and cal-

Constructing decision making team

I
v

Identification of selection criteria

L2

Determining qualitative and quantitative criteria
for evaluation process

v
Construction of selection criteria
and problem structure

Phase |

experts’ opinions

Literature survey and

v

Assigning evaluations via SWARA
¥
(riteria weights by SWARA
v

Assigning evaluations for COPRAS computations
2
Ranking via COPRAS

¥

Select the best place

Phase Il

Phase lll

Fig. 1. The evaluation procedure of research

culating weights and relative importance of each
criterion and COPRAS will apply for evaluating
alternatives that are selected in Tehran, Iran. The
process of this research is shown in Figure 1.

2. IDENTIFICATION OF NECESSARY
CRITERIA FOR GLASSHOUSE LOCATING

The main aim of this research is finding the best
location for glasshouse. Desirable location is chosen
by following criteria. These criteria are results of
the literature review and they are weighted proper
to the function and other properties of project.

The main important point in investment 1is
selecting the best and right place (Guneri et al.
2009). The first point should be considered to de-
sign greenhouses is to choose the suitable site (lo-
cation), (Jaafarnia, Homaei 2009; Rezaeiniya et al.
2012, 2014). Designers have to consider a number
of factors in greenhouse locating: heating supply,
greenhouse expansion plans, access to electricity,
access to specialized labor, access to fuel (Jaafar-
nia, Homaei 2009; Rezaeiniya et al. 2012, 2014).
Greenhouse is a place which covered by transpar-
ent or translucent materials and its temperature,
light, humidity and other environmental factors
should be managed (Hasandokht 2005; Rezaeini-
ya et al. 2012, 2014). Land costs, construct costs,
accessibility of raw materials (Hasandokht 2005;
Rezaeiniya et al. 2012, 2014), use of appropri-
ate soil, labor costs, access to proper transporta-
tion (Hasandokht 2005; Jaafarnia, Homaei 2009;
Rezaeiniya et al. 2012, 2014), land topography,
proximity to market, access to adequate water
(Jaafarnia, Homaei 2009; Mollahoseini, Seylsepur
2008; Rezaeiniya et al. 2012, 2014), are a part of
the important criteria for greenhouse locating.

There are some other criteria which are men-
tioned by architectural standard references: ac-
cess to fresh air, admitting the greatest possible
amount of available light, should not be shaded by
buildings or trees, considering the wind direction
in warm and cold weather, accessibility by public
transportation, and paying attention to aesthetic
potential of site (De Chiara, Callender 1990). The
house must be on a site that takes advantage of
wind breaks but is not shaded by trees or neigh-
boring structures, also has good water drainage
and run-off, and permits easy access during winter
for fuel deliveries and general work, and a good
water supply must be available for efficient opera-
tion (Sheldrake 1992).

As mentioned before, study about the ef-
fect of environmental conditions is one of the



114

R. Haghnazar Kouchaksaraei et al.

Table 2. Criteria and sub-criteria classification and description

Description

Criteria Sub-criteria

Physical con-  Expansion possibil-  C, Max

dition and ity

potential
Infrastructure ad- (O Max
equacy
Aesthetic potential Cis Max
of site
Regional commercial C,, Max
situation

Environment  Proper soil Cyq Max
Proper water Cyy Max
Fresh air Cyq Max
Air pollution (O Min
Wind breaks Cys Max
Possibility for Cyg Max
natural ventilation
Shading by sur- Cy.7 Min
rounding objects

Accessibility ~ Public Csq Max
transportation
Private Cqy Max
transportation
Heavy vehicle, Fuel, Cg4 Max

etc.

Larger site and better infrastructure have better possibility
for expansion

Infrastructure should be proper to the large greenhouse

Site should be capable to show the building and should be
located in the beautiful landscape

People who live in the close areas should be rich enough to
buy flower and visit the exhibitions

Greenhouses need to use proper soil to grow the flowers and
trees and these soil have to be changed regularly

Proper source of water is needed for growing the plants
Clean and fresh air increase the glasshouse’s performance
Polluted air damages the plants

High-speed wind during cold season makes the glasshouse
cold and trees and other wind breakers decrease its negative
effect

Middle-speed wind which moves fresh air to the site can be
used for natural ventilation

Glasshouse should get enough daylight during days
Site should be connected to highways and people should

reach it easily

Heavy vehicle cannot move easily through the city and the
site should be connected to highways

most important classes of criteria (Jones 1966;
Kronenberg, Van de Hulst 1984; Nisbet, Chee
1977). Ventilation and natural ventilation are
the most complex part of greenhouse designing
and natural ventilation depends on location and
site analysis. Effect of wind direction and speed
were studied in many articles (Hooff, Blocken
2010; Horan, Finn 2008). Calculation the effect
of natural ventilation was investigated in some
papers (Chu et al. 2011). Due to international
sanction against Iran, economical situation and
rate of inflation in recent years in this country,
making an appropriate decision is so hard in
this country. Rate of inflation (October 2012 —
October 2013) in Iran didn’t decrease less than
32% (Trading Economic 2013). Hence, defining
quantitative criteria don’t seem reasonable. The
priority is to have a glasshouse in Tehran (Iran)
and financial issue isn’t major concern about es-
tablishing that.
Table 2 represent final identified criteria.

3. METHODOLOGY

The SWARA-COPRAS methodology is presented
the first time by Hashemkhani Zolfani and Zavad-
skas (2013). This new hybrid model can be more
helpful in decision and policy making. This model
is useful in top level of decision making and au-
thors believe that this model is completely suitable
for this type of research and in this level.

3.1. Step-wise weight assessment ratio
analysis (SWARA) method

Weight assessment is an important issue in many
MADM problems. Some famous weight assessment
approaches in the literature including analytic hi-
erarchy process (AHP) (Saaty 1980; Gudiené et al.
2014), analytic network process (ANP) (Saaty,
Vargas 2001), Entropy (Shannon 1948; Susinskas
et al. 2011; Kersuliene, Turskis 2011), FARE (Gi-
nevicius 2011), SWARA (Kersuliené et al. 2010),
etc. Among these methods, SWARA method is one
of the brand-new ones.
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Drawing a set of criteria Respondent survey Listing of main criteria
Responded survey Drawing general list of criteria
(respondents arrange criteria according to rank, the most 99
important criterion being listed as the first, etc.) Y

i Arrangement of criteria according to
. . frequency of indication
Determination of criteria ranks i
i Analysis of criteria list
r Determination of criteria weights i
———— Deletion of interrelated attributes
. P resentation of |
Presentation of j criterion ariterion 7

I

Value of Evaluation of how much j+1
importance of j+1 criterion is must important than

criterion criterion. Relative comparison
should be applied

Drawing of unrelated criteria list

]

Ji=j+1

j<=n?
(n'is number of
unrelated criteria)

Determination of criteria
importance vector

I

Determination of criteria
Yes importance

Fig. 2. Determining of the criteria weights based on (Kersuliene, Turskis 2011)

In this method, expert has an important role
on evaluations and calculating weights. Also, each
expert has chosen the importance of each criteri-
on. Next, each expert ranks all the criteria from
the first to the last one. An expert uses his or her
own implicit knowledge, information and experi-
ences. Based on this method, the most significant
criterion is given rank 1, and the least significant
criterion is given rank last. The overall ranks to
the group of experts are determined according to
the mediocre value of ranks (Kersuliene, Turskis
2011).

The ability to estimate experts’ opinion about
importance ratio of the criteria in the process of
their weights determination is the main element
of this method (Kersuliené et al. 2010). Moreover,
this method is helpful for coordinating and gath-
ering data from experts. Furthermore, SWARA
method is uncomplicated and experts can easily
work together. The main advantage of this method
in decision making is that in some problems priori-
ties are defined based on policies of companies or
countries and there aren’t any needs for evaluation
to rank criteria.

In other methods like AHP or ANP, our model
is created based on criteria and experts’ evalua-
tions will affect priorities and ranks. So, SWARA
can be useful for some issues that priorities are
known former according to situations and finally
SWARA proposed for applying in certain environ-

ment of decision making. The all developments of
decision making models based on SWARA method
up to now are listed below: Kersuliené et al. (2010)
in selection of rational dispute resolution method,
Kersuliene and Turskis (2011) for architect selec-
tion, Hashemkhani Zolfani et al. (2013a) in design
of products, Aghdaie et al. (2013a) in machine
tool selection, Hashemkhani Zolfani et al. (2013b)
in selecting the optimal alternative of mechani-
cal longitudinal ventilation of tunnel pollutants,
Hashemkhani Zolfani et al. (2013c¢) in investigat-
ing on the success factors of online games based
on explorer, Hashemkhani et al. (2013d) in deci-
sion making on business issues with foresight per-
spective and Hashemkhani Zolfani and Zavadskas
(2013) in sustainable Development of Rural Areas’
Building Structures Based on Local Climate.

The procedure for the criteria weights determi-
nation is presented in Figure 2.

3.2. COPRAS (Complex Proportional
ASsessment) method (Zavadskas et al. 1994;
Zavadskas, Kaklauskas 1996)

In order to evaluate the overall efficiency of an al-
ternative, it is essential to identify most important
criteria, to evaluate alternatives and assess infor-
mation with respect to these criteria; develop meth-
ods for evaluating the criteria to meet the DMs’
needs. Decision analysis is concerned with the situ-
ation in which a DM has to choose among several
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alternatives by considering a particular set of, usu-
ally conflicting criteria. For this reason Complex
proportional assessment (COPRAS) method which
was developed by Zavadskas and Kaklauskas
(1996) can be applied. In real situations, the most
of the criterion for evaluating alternatives deals
with vague feature, and values of criteria cannot
be expressed with exact numbers.

The recent developments of decision making
models based on COPRAS method are listed below:

Hashemkhani Zolfani et al. (2012) in supplier
selection, Chandra Das et al. (2012) A framework
to measure relative performance of Indian tech-
nical institutions, Saho et al. (2012) establishing
green supplier appraisement platform, Barysiené
(2012) evaluation of container terminal tech-
nologies applying, Aghdaie et al. (2012) prioritiz-
ing projects of municipality, Ranjan Maity et al.
(2012) Cutting tool material selection, Staniunas
et al. (2013) Ecological-economical assessment of
multi-dwelling houses modernization, Mulliner
et al. (2013) assessment of sustainable housing af-
fordability, Tamosaitiene and Gaudutis (2013) as-
sessment of structural systems used for high-rise
buildings, Nguyen et al. (2014) machine tool selec-
tion and Aghdaie et al. (2013b) market segment
evaluation and selection.

The procedure of applying the COPRAS method
consists in the following steps:

1. Selecting the set of the most important crite-
ria, describing the alternatives.

2. Constructing the decision-making matrix X,

Xy Xy e Xy

m
X=|"2 m\i=1nand j=1,m,(1)
Xy Xpg e Xy

where: attribute j is in the alternative i of a solu-
tion; m 1s the number of attributes; n is the num-
ber of the alternatives compared:
3. Determining significances of the criteriag; .
4. Normalizing the decision-making matrix X.
The normalized values of this matrix are calcu-
lated as:

i=1,nand j=1,m. @)

- X
- n
inj
j=1

ij
After this step we have normalized decision
making matrix:

X117 X9 o Xy

= | X9 X9 ... X
12 12 2

X = , m | 3
xnl xnl xnm

5. Calculating the weighted normalized decision
matrix X . The weighted normalized values X;; are
calculated as follows:

&;=%;-q;i=Lnand j=1m, (4)
where: q; is the significance of the i-th criterion.
Then, the normalized decision-making matrix is:

N N A
X11 X111 ... X11

X =% *n X lii=Lnand j=1,m. (5)

X1 X1 - Xqq

6. Calculating the sums P; of criterion values,
whose larger values are more preferable:

k
b= Z’ezj- (6)
j=1

7. Calculating the sums R; of criterion values,
whose smaller values are more preferable:

LN
R = Z Xj. (7)
Jj=k+1
In formula (7), (m — k) is the number of criteria
which must be minimized.
8. Determining the minimal value of R, as fol-
lows:
R, =minR;i=1,n. (8)
1
9. Calculating the relative significance of each
alternatively @), the expression:

Rmin Zn: Ri
Q =P+ i1

Ri;%im

10. Determining the optimally criterion by K
the formula:

(€)

K =max i;izl,_n. (10)
12

11. Determining the priority order of the alter-
natives.

12. Calculating the utility degree of each alter-
native by the formula:

N, =2 100%. 11

where: Qj and @, . are the significances of the al-
ternatives obtained from Eq. (9).
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4. CASE STUDIES

Four alternatives were considered as case stud-
ies for location in preliminary design. These cases
have various advantages and disadvantages which
will be investigated in decision making parts. All
four alternatives are located in or around Tehran
(capital of Iran) and this metropolis has unique
and especial specifications which play critical role
in criteria weights. Therefore, this point makes
weights different from similar situations.

‘Pardisan Park’ (A,) and ‘Bustan-e-Mellat Park’
(A,) are first and second cases which are located
in the city. ‘Botanic Garden of University of Teh-
ran’ (A;) and ‘Chitgar Park’ (A,) are other cases
which located around the city. Both A; and A, al-
ternatives are the huge park with more than 100s
hectometer area. They are planned for iconic cul-
tural-scientific buildings in urban plan of Tehran
and proper infrastructure which were constructed
in these sites. Third and fourth alternatives are
greatest botanic garden in Iran which has the ca-
pability of mentioned glasshouse. All four alterna-
tives are governmental because the investigator of
the project is Tehran municipality. The four cases
are shown in Figure 3.

SWARA like other similar methods (AHP and
ANP) is based on the expert’s ideas, but experts
can be participated easily in this method. Experts
are participated in COPRAS method too.

Information about experts is shown in Table 3.
Ten experts of game designing participated in this
research. They have worked on web designing,
graphics, marketing instructing and software. All
of the experts were interested in this topic and
had some experience in this issue.

Table 3. Background information of experts

Category Classification No.
Working Civil engineering 3
background Architecture 2
Agricultural engineering 1
Mechanical engineering 1
Electrical engineering 1
Economic 2
Education Bachelor 0
Level Master 7
PhD 3
Sex Male 7
Female 3

Presenting a framework and evaluating the
needs from several perspectives, the researcher
proposed these six areas and fields in this re-
search. Then the experts stated their opinions on
identifying relative importance of each criterion
to estimate the values of each criterion and fi-
nally, experts evaluated alternatives. The main
point in this part is experts consider all of criteria
qualitative. The model didn’t consider cost of es-
tablishing the glasshouse because this project is
national and selected places are in ownership of
Tehran municipality. In addition, quality is more
important against cost issue. An issue should
be considered that there isn’t an ideal alterna-
tive (place) and alternatives didn’t comparison
to ideal alternative. Relative advantages of each
alternative are considerable. The concentrate of
experts is on strategic perspective. This research
1s just concentrate on strategic perspective on
glasshouse locating and management. To put it

Fig. 3. The location of cases in urban space



118

R. Haghnazar Kouchaksaraei et al.

Table 4. Final results of SWARA method in weighting criteria

Criterion Comparative importance of Coefficient Recalculated weight Weight
average value _ X w.
S, ki=s;+1 wj:J_l q; = i
k; Z w
X, 1 1 0.41
X, 0.23 1.23 0.813 0.334
X, 0.295 1.295 0.627 0.256

* At the first level of decision hierarchy, three criteria are located. Environment was selected as the most

important criterion.

Table 5. Final results of SWARA method in weighting physical condition and potential criteria

Criterion Comparative importance of  Coefficient Recalculated weight Weight
g;/erage value kj —5;+1 0, = X };_1 g - w;
J z wj
X, o 1 1 0.318
X, 0.185 1.185 0.843 0.268
X4 0.17 1.17 0.720 0.229
X4 0.235 1.235 0.582 0.185

* Infrastructure adequacy was selected as the most important sub-criterion in physical condition and potential criteria.

Table 6. Final results of SWARA method in weighting criteria of environment

Criterion Comparative importance of  Coefficient Recalculated weight Weight
average value _ X w;
S, kj=s;+1 w; =L e —

f T

X, 1 1 0.197

Xy 0.16 1.16 0.862 0.170

Xy, 0.2 1.2 0.718 0.140

X, 4 0 1 0.718 0.140

X6 0 1 0.718 0.140

X5 0.22 1.22 0.588 0.116

Xy, 0.195 1.195 0.492 0.097

* Proper water was selected as the most important sub-criterion in environment criteria.

Table 7. Final results of SWARA method in weighting criteria of accessibility

Criterion Comparative importance of  Coefficient Recalculated weight Weight
average value S; ko—s. 41 X __ Y

70 Ww; =—— q; =
i 2.

X, 1 1 0.409

X9 0.285 1.285 0.778 0.318

X3 0.165 1.165 0.667 0.273

* Public transportation was selected as the most important sub-criterion in accessibility criteria.

* S.1is calculated based on average of expert’s ideas. The information gained privately from each expert and the scale is

based multiples of five percent.
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Table 8. Initial decision-making matrix with values of the attributes describing the compared alternatives
(COPRAS)
Opt C1 C2 C3
Cip Cy Gy Gy Cop Gy Gy Cyy Coy Gy Cop Cgy Cyy Gy
Max Max Max Max Max Max Max Min Max Max Min Max Max  Max

Weights 0.062 0.106 0.090 0.076 0.070 0.081 0.057 0.057 0.048 0.057 0.040 0.105 0.081 0.070
Al 8.1 8.2 7.4 3.5 3.9 5.9 7.1 3.9 7.3 7.9 1.5 7.5 8.8 8.6
A2 8.3 5.3 6.1 6.6 3.4 3.2 2.5 8.3 4.7 2.7 6.4 7.9 2.4 3.1
A3 2.3 6.2 2.3 3 7.4 6.5 7.5 1.2 6 8.4 3.5 1.5 5.3 8.9
A4 4.4 3.5 4.5 4.7 7.1 6.6 7.9 1.4 5.5 7.3 3.3 2.3 4.9 9
> 23.1 23.2 20.3 17.8 21.8 22.2 25 14.8 23.5 26.3 14.7 19.2 21.4 29.6
Table 9. Weighted normalized matrix
Opt Cl-l Cl-2 CI-S C1-4 C2-1 02-2 C2-3 C2-4 C2-5 C2-6 C2-7 C3-1 C3-2 CS-S

Max Max Max Max Max Max Max Min Max Max  Min Max Max  Max
Al 0.0217 0.0375 0.0326 0.0150 0.0125 0.0215 0.0163 0.0151 0.0148 0.0172 0.0041 0.0409 0.0335 0.0203
A2 0.0222 0.0243 0.0269 0.0284 0.0109 0.0116 0.0057 0.0322 0.0095 0.0059 0.0173 0.0431 0.0091 0.0073
A3 0.0062 0.0284 0.0101 0.0129 0.0237 0.0236 0.0172 0.0047 0.0121 0.0183 0.0095 0.0082 0.0202 0.0210
A4 0.0118 0.0160 0.0198 0.0202 0.0227 0.0240 0.0181 0.0054 0.0111 0.0159 0.0089 0.0125 0.0186 0.0212
Table 10. Final results and ranking of experts evaluated each alternative according to
p R Q N Ranking each criterion and Table 8 was developed. There
0.2838 0.0192 0.2942 100 1 are many researches with all qualitative crite-
0.2049 0.0495 0.2089  0.7101 4 ria without calculating the normalize matrix and
0.2019 0.0141  0.2161 07343 3 that’s true.
0.2122 0.0144 029261  0.7684 9 Besides, Table 8 indicates initial decision mak-
R 0.0972 ing matrix, with the criterion values. The values

min

in a nutshell experts decided to consider criteria
qualitative because they believe that quantitative
criteria didn’t important for this research and it
can derivate concentrate of experts from strategic
and foresight perspective.

5. SWARA RESULTS

In this section, SWARA applied for evaluating
the model of research that presented in Table 2.
Weights and relative importance of each criterion
and sum criterion will be calculated in this sec-
tion. Experts participated in this section at a con-
ference meeting, because they had to make decision
together, but each expert presented his/her idea
separately. Conference meeting was a good situa-
tion and opportunity for experts so that they could
consider different perspectives of fields.

6. COPRAS RESULTS

COPRAS method was used to evaluate and select
alternatives after determining all weights of each
criterion and sub-criterion through the SWARA
method. At this stage of the application, the group

are based on the average of experts’ ideas. For the
weight g; of criteria, we used weights in Tables 4
to 7. As mentioned before, the aim of using SWARA
1s to determine importance weight of criteria that
will be employed in COPRAS method.

The initial decision making matrix has been
normalized first, as discussed in previous section.
The weighted normalized decision making matrix
1s presented in Table 9. According to the results of
Table 10 which shows evaluation of utility degree,
AP>A>ASA,.

According to the last column of Table 10, A,
is defined as the best alternative for glasshouse
locating.

7. CONCLUSIONS

In the last decades, importance of locating in-
creased by developing countries, cities, industries
and populations. There are many important is-
sues for importance of location of something that
include transportation, cost and etc. In the last
decade, many MCDM methods applied for locating
and this issue illustrates that MCDM methods has
high potential to solve locating problems.

This research tries to solve locating problem of
glasshouses. Glasshouse, as we mentioned in the
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abstract, is a kind of greenhouse that is larger
than prevalent size. Besides, glasshouse is more
applicable and has various dimensions. The role
of glasshouse in Tehran is considerable and it is
a part of the development plan of this metropolis.
Glasshouse can satisfy a part of cultural, economi-
cal and scientific requirements effectually.

Consequently, two MCDM methods are ap-
plied in this research. This hybrid model makes
a powerful framework for locating issues. SWARA
is applied for evaluating criteria and weighting
them. SWARA has the advantage by which deci-
sion makers can select their priority at first. They
should not accept some limitations of the research.
In this research, SWARA played a key role in pro-
cess of the research. COPRAS is another method
of MCDM methods that is used in this research
for evaluating and prioritizing alternatives of the
research.

Model of this research is established after sur-
vey in literature review of this area. The model
is includes 3 main criteria are included: Physical
condition and potential, Environment and Acces-
sibility.

After searching by experts, four alternatives
(places) selected for this research including: Pardis-
an Park, Bustan-e-Mellat Park, Botanic Garden of
University of Tehran and Chitgar Park. Final re-
sults demonstrated that Pardisan Park is the best
place for establishing a glasshouse in Tehran, Iran.

Authors propose that this methodology can be
applied in all around the world. Authors also be-
lieve that this methodology can be useful in solv-
ing other problems in locating and other issues.

Authors suggest these matters for future re-
searches bellow:

— Applying this methodology in other places
and other countries, and comparing the re-
sults of that research with this research.

— Applying this methodology with other areas
of the research.

— Comparing this methodology with other
methodologies that presented before for lo-
cating in a review article.

— Sensitivity analysis of experts’ ideas in
SWARA method.
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