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Multi attribute decision model
for orchard renewal - case study
in Bosnia and Herzegovina
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The fruit production in Bosnia and Herzegovina (BIH) is slowly returning to normality after Balkan wars. Due
to favorable climatic and soil conditions it represents a clear business opportunity for family farms. The deci-
sion which fruit species/variety to grow is a complex decision and should be made on the basis of sound empiri-
cal analysis. This paper presents a multi criteria mode] for planning and decision making on fruit farms in BIH.
The model combines financial cost benefit analysis and multi attribute decision making methodology based on
expert system DEX-i. In the first stage the technological and financial cost benefit analysis were conducted for
each fruit production alternative. The results were further evaluated with expert system DEX-i considering all
possible criteria influencing the fruit grower decision. In the case of a sample family farm the plum yielded with
best multi criteria evaluation, followed by apple and pear, while sour cherry gave unsatisfactory outcome.
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INTRODUCTION

The time of Balkan wars was devastating for Bosnia ag-
riculture and its fruit production which is now slowly return-
ing to normal frames. Bosnia and Herzegovina has relative
good conditions for intensive fruit production. Before 1992
the plum was predominant fruit species contributing 50% to
the total fruit production. Apples and pears contributed an-
other 33% of a total fruit production. Long term prospects for
fruit production in Bosnia and Herzegovina are prosperous.
The agro-climatic conditions are relatively suitable for fruit
production, the costs of available labor force are low and the
demand for fresh fruits is also high. The supply of fresh fruit
for Bosnian market is covered mostly by the import from
different countries. The fruit production therefore represents
a clear business opportunity for farmers. However, due to
high investments related to intensive fruit production, the
information on its economic feasibility is a necessity before
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the decision on a particular project (in this case orchard es-
tablishment) is undertaken.

Decision-making techniques at the project level have
long been dominated by the financial cost benefit analysis
(CBA), on the basis of net present value, defined as a differ-
ence between the sum of projects discounted cash flows and
investment costs. Cejvanovié¢ and Rozman (2004) consider
capacity of financial CBA for orchard planning and deci-
sion making in Bosnia and Herzegovina. However, reality
is complex, and the use of CBA alone may not be sufficient
when the decision situation involves consideration of vari-
ables which cannot be easily quantified into monetary units,
and the decision-making process is likely to be influenced by
multiple-competing criteria (Tiwari et al. 1999). CBA is also
sometimes criticized for the limitation that it does not gener-
ally take into account of the interactions between different
impacts. The main difficulty when applying a CBA method
is that the evaluation of a project must relate to an unambigu-
ous monetary uni-dimensional criterion, since a comprehen-
sive cost-benefit approach requires all project option effects
to be transformed into a single monetary dimension (Rogers
and Bruen 1998). This is the point where the Multi-Criteria
Decision Analysis (MCDA) appears in the planning process.
The multi-criteria methods unlike monetary ones attempt to
take into consideration the multiple dimensions of a decision
problem in a balanced matter. Project effects are treated in
their own dimensions. Rogers and Bruen (1998) consider the
capacity of multi-criteria analysis to take account different

13



MULTI ATTRIBUTE DECISION MODEL FOR ORCHARD RENEWAL — CASE STUDY IN BOSNIA AND HERZEGOVINA

yet relevant criteria-even if these cannot be related to mon-
etary outcomes- to be its main advantage. Establishing and
managing an orchard requires making a numerous decisions
over the long productive life of fruit trees. The recent work
on decision support systems in fruit production used a variety
of research approaches. Childs et al. (1983) presents a deci-
sion support system for orchard renewal which is based on a
combined model (simulation and optimization). The model
is used for calculating the optimal time for orchard renewal.
Attkins et al. (1992) develop a decision support system OR-
CHARD 2000 for orchards in New Zealand while Rozman
etal. (2002) combine simulation modeling and mathematical
programming for selection of best apple orchard system. All
these studies used financial criterion as prevailing criterion
in the decision process. The application of multi criteria de-
cision modeling has been applied by Alvisi et al. (1992) who
presents a MULTIFRU model for muitiple criteria decision
making in orchard management. The decision which fruit
species to grow is besides financial implication also related
to technological and ecological factors (which are difficult to
include into the CBA analysis). At this point in the decision
making process, the analyst should consider a multi-crite-
ria decision analysis (hereinafter MCDA) which combines
different mathematical based methods - the most common
known approaches are utility theory and analytical hierarchi-
cal process (hereinafter AHP). Both methods evaluate alter-
natives in an empirical manner. In contrast, the approach,
based on expert system for multi attribute decision making
DEX- i, reported by Bohanec et al. (1995) and Bohanec et al.
(2000) uses qualitative variables for alternative evaluation
(for instance acceptable or unacceptable).

The aim of this paper is the development and presenta-
tion of multi attribute decision model which could be used as
a decision support tool in planning new orchards in Bosnia
and Herzegovina. The model combines financial cost benefit
analysis and multi attribute decision making using an expert
system shell DEX-i methodology approach. The DEX-icom-
bines elements of multi criteria decision making with some
elements of expert systems and machine learning.

METHODOLOGY

As mentioned earlier the decision which fruit species
and variety to grow on selected location represents a typi-
cal farm management decision problem. Furthermore, this
problem could be described as typical multi criteria decision
problem since many conflicting criteria must be taken into
consideration. The main idea of the approach lies within in-
terrelating financial cost benefit analysis with multi attribute
decision methodology. In the first stage of the decision mak-
ing process for each alternative analyzed the financial cost
benefit analysis is conducted. The main concept of a finan-
cial cost benefit analysis (hereinafter CBA) is the computa-
tion of the net present values (hereinafter NPV) and internal
rate of returns (hereinafter IRR) for every analyzed alterna-
tive. Clearly, in order to conduct the cost benefit analysis
one needs sufficient input data (annual cash flows caused by
the investment). In our case the data base of “Brcko District
— Department of Agriculture” was used in order to make the
analysis. In fact, spread sheet Excel CBA models for each
individual alternative have been developed. The local enter-
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prise budgets (the data of “Brcko District — Department of
Agriculture”) were used as main input data for cost benefit
analysis of jinvestment into production 4 different fruit spe-
cies (calculation of orchard establishment costs and annual
cash flows). This database was also used to determine values
of numerical decision attributes (for instance labor).

For the purpose of developing the multi attribute deci-
sion model for orchard establishment in Bosnia and Herze-
govina the DEX-i decision expert system was used. The
DEX-i is a Windows version of DEX (Decision Expert) and
was developed by the University of Maribor; Faculty of Or-
ganizational Sciences (Bohanec et al. 1995 and Bohanec et
al. 2000) and Jozef Stefan Institute (Jereb et al. 2003). This
is an expert system shell for multi-attribute decision mak-
ing that combines the "traditional" multi-attribute decision
making with some elements of Expert Systems and Machine
Learning. The basic approach in the DEX-i methodology is
a multi-criteria decomposition of the problem: the decision
problem is decomposed into smaller and less complex deci-
sion problems (sub-problems). In this way we get a decision
model consisting of attributes that represent individual sub-
problems. The attributes are organized hierarchically (Fig-
ure 1) and are connected with the utility functions. The util-
ity functions evaluate each individual attribute with respect
to their immediate descendants in the hierarchy. The main
characteristic of DEX-i method (and also its main difference
from other utility function methods which in most cases use
weighted sum or similar quantitative approaches) is its capa-
bility to deal with qualitative models. Instead of numerical
variables, which typically constitute traditional quantitative
models, DEX-i uses qualitative variables; their values are
usually represented by words rather than numbers, for exam-
ple “low”, “appropriate”, “unacceptable”, etc. Furthermore,
to represent and evaluate utility functions, DEX-i uses if-
then decision rules. The decision rule can be for instance: “if
the net present value is negative then the alternative is not
acceptable” or “if the labor usage in the investment project is
low then the alternative is excellent”. In contrast, in DEX-i
modeling this can also be carried out in a numerical way,
using weights or similar indicators of attributes’ importance.
DEX-i can be used for solution of various decision prob-
lems (from simple problems such as selection of new car to
more sophisticated decision problems such as selection of
best business alternative) (Bohanec and Rajkovi¢ 1999). The
DEX-i decision modeling is conducted in three stages:
problem identification, determination of decision at-
tributes and their qualitative databases
setting up decision rules (definition of utility functions)
analysis of each alternative

The interrelation of CBA and DEX-i decision modeling
was conducted through the following steps:

|

(

Step 1: Problem structuring

We can structure the problem as follows: an individual
farmer has a potential location that could be used for fruit
growing (orchard establishment). Our decision problem is
the decision which species and variety to grow on the se-
lected location,
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Step 2: Identification of alternatives

The identification of alternatives consisted of the 4 ba-
sic options, i.e. 4 main fruit species produced in Bosnia and
Herzegovina (apple, pear, sour cherry and plum).

Step 3: The financial cost benefit analysis for each
alternative

Using the given district data base (CBA models and en-
terprise budgets), the net present values and internal rates
of return are calculated for each alternative. For the base
CBA analysis it was assumed that standard yields and prices
would be achieved in the productive period of orchard life-
cycle. Cash flow variability over time is difficult to predict
since yield and prices vary trough years. Clearly, the NPV
sensitivity analysis should provide us with some answers but
this would, on the other hand, provide us with many possible
scenarios which occurrence is uncertain. The base NPV cal-
culations are therefore conducted under assumption of full
yields and successful marketing. Possible cash-flow variabil-
ity is thus expressed with the attributes such as suitability of
a selected location (yield variability) and market (revenue
achieved) included into the decision model.

Step 4: Identifying objectives and criteria

Different techniques can be used in order to identify
all possible criteria that must be taken into the considera-
tion during the analysis. Without exception, all multi-criteria
methods call for the identification of the key factors which
will form the basis of an evaluation. Most of MCDA meth-
odological approaches use a hierarchical criteria structure
(for instance analytical hierarchical process) in the tree form
(Belton and Stewart 2002). The DEX-i methodology is no
exception, the attributes are presented in the tree form. The
attribute tree (presented in Figure 1) shows the most relevant
criteria identified by the discussion between different experts
(experts of Brcko District Department of Agriculture and the
analysts — experts from Faculty of Agriculture, University of
Maribor and Faculty of Agriculture, University of Zagreb).

The main decision attributes are divided into finan-
cial, technological, market and ecological attributes. The
financial attributes consist of investment costs (also related
to availability of capital) and net present value (which are
both numerically measurable attributes). Although it could
be argued here that investment costs are already contained
in the computation of NPV and therefore should not be de-
fined as individual sub-attribute, it must be stressed out that
investment costs represent one of the major constraints when
deciding for orchard establishment. Hence, the sub-attribute
“investment costs” must be taken into consideration as inde-
pendent. The technological attribute consists of technology
and storage possibilities (which are described only by quali-
tative measurements) as well as labor intensity (which can
be divided into home and hired labor; both can be measured
numerically). The market attribute reflects attractiveness of
each fruit species and variety to the consumers (qualitative)
as well the number of possible ways to market the product.
Finally the attribute “Suitability of selected location” de-
scribes ecological conditions (soil, inclination and spring
frosts probability) given on the selected location. After the
attribute tree has been identified each attribute is assigned

with a list of values (for instance the NPV can have the fol-
lowing qualitative values: negative, low, average, high). The
values can either be described by words or by numbers (for
instance: for instance engine horse power when selecting
the tractor, etc.). The values are organized either increasing
(from the worst value to the best) or decreasing (from the
best to the worst) and are classified as negative (-), neutral
or positive (+). For instance, very high labor input would be
classified as negative and conversely low labor input would
be classified as positive. Likewise, the values are determined
for the decision problem as a whole (for instance, decision
alternative can obtain values not acceptable, acceptable and
recommendable). The attributes and sub-attributes are or-
ganized in the tree structure (attribute tree).

Since the DEX-i operates with qualitative values the
classification must be performed. The process of classifica-
tion determines qualitative value according to the defined list
of values for each attribute. The following classification was
used in order to determine a list of values for each attribute
(Table 1). It should be mentioned here that table 1 represents
only numerical attributes.

Table 1. Classification table for numerically measured

attributes.
Investment costs (€/ha) ‘ Qualitative Values
0-5000 Low
5000-10000 High
> 10000 Extra high
NPV (€/ha)
<0 Negative
0-20000 Low
20000-40000 High
> 40000 Extra high
Home labor (hours)
0-500 Low
500-1000 Average
> 1000 High
Hired labor (hours)
0-200 Low
200-400 Average
> 400 High

The main problem is assigning values to attributes which
cannot be measured on a numerical scale (such as technolog-
ical requirements, storage possibilities, market criteria, etc.).
In that case some kind of qualitative scale must be defined
which is used for determination of qualitative values of each
attribute. The following qualitative scale was used for non
numerical sub-attributes (Table 2).

Table 2. Qualitative values for non numerical sub-attri-

butes.
Technology very demanding; demanding;
simple;
Storage possibilities short; long

Market criteria poor; good; excellent

unsuitable; suitable; very

Soil suitable

Inclination un;wtable; suitable; very
suitable

Spring frost probability high; low
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Step 5: Determination of decision rules in DEX-i
software

After each attribute is assigned with its qualitative value
database the decision rules are derived. As mentioned in the
description of DEX-i methodology, the DEX-i uses quali-
tative values for decision alternatives evaluation. The util-
ity function for the whole project (investment into orchard
establishment) consists out of many partial utility functions
which are defined for aggregate attributes. These utility func-
tions are defined by “what if decision rules”. For the orchard
planning problem a series of 81 decision rules has been
identified estimating the overall project evaluation for each
possible value combination of aggregate attributes (Table 3).
Similarly, the decision rules have been determined for each
aggregate attribute. The “what if” decision rules represent
the knowledge base that is ultimately used by the DEX-i
software for evaluating decision alternatives. The connec-
tion of the decision model through utility functions can be
gleaned in Figure 1.

The decision rules are presented in aggregate form: in
the table, an asterisk ‘*’ represents any value, and ‘>’ means
‘better or equal. Similar decision rules (utility function) have
been identified for each aggregate attribute.

After decision rules have been established the analysts
puts in qualitative values for each attribute corresponding to

Table 3. Decision rules for orchard planning problem.

each decision alternative. Once the values have been inserted
the DEX-i performs the analysis for each decision alterna-
tive. Ultimately, the “what if” analysis can be performed (ob-
serving change in different mode! input parameters and their
impact on the evaluation results).

THE COMPUTER MODEL

The basic NPV models for each business alternatives
and classification are provided in MS Excel. The calculated
NPV as well as home and hired labor are then transferred
into another Excel file containing a simple algorithm classi-
fication program where all attributes are classified according
to the rules determined by the analyst. Clearly, classification
boundaries for each numerical attributes can be changed by
the analyst. After basic CBA analysis and classification are
completed, the attribute values for each decision alternative
are transferred into the DEX-i input table where the analysis
is ultimately undertaken.

RESULTS AND DISCUSSION

The developed model was applied on a sample farm in
Bosnia and Herzegovina (Table 4). A case study approach
was necessary since the CBA model results cannot be gen-
eralized.

Financial criterion Tephr_wlogmal Su|tgb|l|ty of selected Market Orchard planning
criterion location

poor * * 2 good unsuitable
* * unsuitable = good unsuitable

- poor * > suitable * unsuitable

o * > suitable poor unsuitable
poor z suitable * * unsuitable
% 2 suitable unsuitable * unsuitable
* z suitable * poor unsuitable

-_ = good * unsuitable * unsuitable

| 2good * * poor unsuitable

‘. good * suitable good acceptable
2 good unsuitable suitable = good acceptable B
= good unsuitable > suitable good acceptable
excellent unsuitable > suitable = good acceptable
poor unsuitable unsuitable poor suitable
good unsuitable very suitable excellent suijtable
good z suitable suitable excellent suitable
= good suitable suitable excellent suitable -
good = suitable very suitable good suitable
= good very suitable very suitable good suitable

_ excellent suitable suitable 2 good suitable

_ excellent Z suitable suitable good suitable
excellent very suitable = suitable good suitable o
2 good 2 suitable very suitable excellent | very suitable
excellent Suitable very suitable = good | very suitable )
excellent very suitable z suitable excellent very suitable
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Fig. 1. The orchard planning problem: the structure of a decision model.

4 major fruit species would be financially feasible; assuming
that expected prices and yields would be achieved and suc-

Table 4. Characteristics of selected location for fruit
production on sample farm.

Orchard area 5 ha cessfully marketed.
Soil type Silt Table 5. The results of financial CBA analysis of fruit
| Inclination South east production on sample farm.
. Sour
| . . High (pear, apple), low (sour Apple Pear Plum
| Spring frost probability cherry, plum) cherry
Investment
. . T t 78 9 10134 10134
The general characteristics determine suitability of se- ((:g/zas) 98 808
lected location for each analyzed fruit species. The prevail-
ing soil type is silt which theoretically makes it acceptable NPV (€/ha) 39430 40623 34682 | 45794
for all selected fruit species. HoweYer, this subject sl.lould be Home labor 632 632 1200 880
analyzed further (organic matter, lime, water capacity, etc.) (hours)
and on this basis the attribute value of soil must be deter- Hired labor
mined for each fruit species on analyzed location. The in- (hours) 280 280 480 400

clination (south east) is suitable for all 4 fruit species. The
spring frost probability is usually interrelated with the above
sea level. However, the spring frost probability is in this case

The results of CBA analysis and data on labor used in
the individual production are in the next stage of decision

high for apple and pear. For sour cherry and plum the spring
frost probability is lower due to later flowering period.

The CBA was conducted for 15 years at 6% discount
rate (Table 5). The CBA results show that investment into all

analysis run through the classification algorithm. Other non
numerical attributes were derived on the basis of qualitative
scale or were derived analytically as for attribute technology
(Table 6).
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Table 6. Analytical derivation of qualitative value for
subattribute “technology”.

Number Harve- Attribute
of Thinning | sting value
spraying procedure
Apple
Manual, Very
1213 | Yes sorting demanding
Pear 10 If Manual, Very
necessary |sorting demanding
Sour
cherry 8 |No Shaking, Acceptable
manual
Plum 9 |No Mar?ual, Demanding
sorting

The similar approach is used for marketing and storage
possibility attributes (Table 7).

Despite the plum has similar market channels as sour
cherry the value of its marketing attribute was estimated as
excellent due to traditional characteristics of Bosnian plum
and its products (slivovitz).

The results of classification and analytical derivation
(values of each sub-attribute) are then fed into the DEX-i in-
put table where the analysis is finally performed (Table 8).

The DEX-i software also enables graphical representa-
tion of evaluation of alternatives as well (Figure 2).

The model returns site evaluation for each fruit species.
Clearly, when a fruit species is selected, the problem should
be further decomposed, which means that evaluation of dif-
ferent varieties of selected fruit species should be evaluated
using similar decision model. However, the selection of a

Table 7. Analytical derivation of market attribute and storage subattribute.

Possible market channels

Qualitative
value

Storage

(months) Qualitative value

Apple

fresh apple

fresh apple after storage
processing industry

on farm processing: cider,
vinegar, brandy, dry apple, juice

Variety

Excellent dependent

Long

Pear

fresh pear

fresh pear after storage
processing industry

on farm processing: brandy, dry
pear

Variety

Excellent dependent

Long

Sour cherry

fresh sour cherry
processing industry

on farm processing: cherry
wine, brandy

Good Max one week Short

Plum

fresh plum

processing industry

on farm processing: dried
plums, brandy

Excellent Max one week Short

Table 8. DEX-i evaluation results for orchard planning problem on selected sample farm in Bosnia and Herzegovina.

Orchard planning problem Apple Sour cherry Pear Plum
Evaluation acceptable unsuitable acceptable suitable
. 7 Financial criterions good poor ‘good .good
— Investment costs high extra high high extra high
— NPV high high extra high extra high
- Technological criterion unsuitable unsuitable unsuitable suitable
— Technology very demanding demanding very demanding demanding
—— Labor intensity average high average average
——Home labor average high average average
—Hired labor average high average average
— Storage possibilities long short long short
—Market criteria excellent good excellent excellent
__S':;:?;Irl:y aiselacied §uitable 5 :-sui'tab|e suitaglg ‘ suitable
—Soil suitable suitable suitable suitable
— Inclination suitable suitable suitable suitable
—Spring frost probability high fow high low
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Fig. 2. Graphical presentation of available fruit production alternatives.

fruit species to be grown could be classified as a strategic
decision, since it will determine farm production for next 10
- 15 years. In the case study of a hypothetical Bosnian family
farm, the plum yields with best evaluation, apple and pear
production yields with acceptable evaluation and sour cherry
production amounts to unsatisfactory outcome. Relatively
high labor usage in sour cherry production and poorest val-
ues of some other relatively important attributes contributed
to poor evaluation of sour cherry. As it can be gleaned from
table 8 and chart 1 the plum has the highest values of most
important attributes. The decision model should be further
developed in the direction of integrated computer supported
decision support system for fruit farms in Bosnia and Herze-
govina. Furthermore, the interrelation of simulation models
and multi attribute decision model would enable analysis
of different technological solutions and would in this light
further improve the “power of information” provided by the
system developed. Other MCDA methods should be tested
simultaneously in order to find the optimal multi criteria de-
cision model for fruit farms in Bosnia and Herzegovina.

CONCLUSIONS

The main goal of the research was to find adequate
methodology for fruit production investment projects evalu-
ation on Bosnian fruit farms. The methodological framework
presented in the paper combines financial cost benefit analy-
sis and DEX-i multi criteria decision analysis approach. The
local fruit production enterprise budgets database and finan-
cial cost benefit analysis were used in the first stage of a re-
search in order to conduct financial and technological analy-
ses of each analyzed fruit species. The results of enterprise
budgets and CBA represented some of the input parameters
for DEX-i decision model which was ultimately used for the

analysis of 4 possible fruit species that could be produced in
Bosnia and Herzegovina.

The application of multi attribute decision model on a
sample fruit farm in Bosnia and Herzegovina showed that
under given assumption the plum production would be most
suitable solution for location on the selected sample farm.

A combination of CBA and multi criteria decision mode]
represents a powerful decision support tool which can choose
between different fruit production investment projects. Fur-
thermore, the decision model combines quantitative and
qualitative approach to the decision problem observed. This
study also gives a proposal of procedure for multi criteria
decision making on fruit farms in Bosnia and Herzegovina.
We believe that application of the proposed decision support
system would increase the accuracy of information needed
for developing fruit farm business plans.
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