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Abstract

We considered the modeling of the evaluation of projects
for industrializing the artisanal production of mescal. A
Decision Support system is modeled for determining the
priorities of the tasks. The ability for evaluating projects
is considered. Data provided from a large research
developed in Guerrero provided data for generating
scenarios and evaluating behavior of the system.

Keywords: DSS, AHP, regression, Bayes, similarity
measures, CONSeNsus

1. Introduction

Maguey (Agave cupreataTrelet Berger) appears as a sil-
vestre plant in Mexico. Its cultivation has roots in
Mesoamérica. N&huatls cultivated it for pulque’s pro-
duction. Maguey is used for producing mescal and the
worldwide known tequila , mescal produced in the region
Tequila (so as Cognac respect to brandies).

The evaluation of industrial production of mescal by
small and medium enterprises, and its sustainability re-
quires maintaining information, for deciding whether to
harvest or not an available natural maguey area. Com-
monly the uncultivated areas are of difficult access and
there is a serious lack of information on them.

In this paper we propose a decision support system for
managing natural areas where agave growth. We develop
the study using the proposal of Kangas et al. (1997).
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Fig. 1: Plants of Agave cupreataTrelet Berger in non cultivated areas

The Agave cupreataTrelet Berger appears in non culti-
vated zones in Guerrero State. It is divided into 77 munic-
ipals clustered in 7 regions. An investigation took place
and an inventory identified 7625 plants of maguey
papalote which were inventoried. The referred results ap-
pears in the technical report “Desarrollo de un Sistema de
Inventario y Monitoreo de Maguey Papalote (Agave
cupreataTrel. &Berger)”, (Madariaga, 2004). The area
studied is described in table 1.1.

LOCATION NA RCA | RA | MA | EPP
Axaxacualco 1358 | 0,37 | 0,34 | 0,76 | 0,44
El Aguacate 512 0,49 | 049 | 0,56 | 0,62
Mazatlan 265 | 0,23 | 0,93 | 0,54 | 0,62
Mirabal 110 0,35 | 0,96 | 0,76 | 0,43
Mochitlan 1665 | 0,26 | 0,44 | 0,53 | 0,65
Qjitos de | 1209 | 0,33 | 0,44 | 0,67 | 0,66
Agua

Palo Blanco 1199 | 0,20 | 0,31 | 0,83 | 0,52
Plan Guerrero | 437 0,08 | 093 | 0,84 | 0,56
Salto Valadez 404 | 0,11 | 0,69 | 0,81 | 0,56
Tlanipatla 656 0,16 | 0,36 | 0,56 | 0,41
Xochipala 765 0,12 | 0,64 | 0,53 | 0,52
Xocomanatlan | 146 0,28 | 041 | 0,81 | 0,55

Table 1.1: Population of plants in the State of Gue-rrero and means of
the elicited variables generated by Simulation (NA: number of areas,
RCA: relative covered area, RA: Relative Abundance, MA: Mean Age,
EPP: Expected Production Potentialities )

The existent data have been used for generating infor-
mation to be analyzed by experts, looking for a consensus
on the conditions of the areas. The lack of information
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and the environment effects fix the need of using experts
forecast under uncertainty.

The construction process of a Decision Support System
is discussed. The effectiveness of the process is simulated
using the existent data and the opinion of experts in forest
exploitation with he same level of expertise. The use of
the Analytical Hierarchy Process (AHP) proposed by
Saaty, the Bayesian approach and the application of a re-
gression method are considered. They are presented in
Section 2. The section ends with an evaluation of their
behavior using different simulated scenarios.

Section 3 is concerned with the evaluation of the con-
sensus of the experts in establishing which areas support
the immediate exploitation of the plants and which
should be maintained as stock for the substituting the are-
as exploited at a first stage.

The methodology proposed in this paper includes the
use of three methods for the evaluation of the decision
making criteria and its use for comparing alternative. It is
also analyzed the experts judgment coincidences. The
methodology is extensible to other contexts, where is pre-
sent the necessity of evaluating forest sources of non re-
newable recourses and of making decision on their ex-
ploitation strategies. In fact, there is a lack of studies of
the assessment modeling for ecological research in Latin
America.

2. Constructing a decision support system (DSS).
Analysis of the priorities

For developing a decision support planning process in a
forest Kangas et al. (2000) suggested to implement it as
follows:

Procedure 1. DSS planning stages

1. Indentify and structure the decision problem
(qualitative analysis of the planning problem).

2. Describe the objectives of the analysis (Fix the
goals expected form the study).

3. Describe the forest (Fix the characteristics of the
population to be studied.)

4. Determine treatments and schedules (Establish
what is to be implemented and when).

5. Examine the possibilities of the policies (deter-
mine a set of decision to be considered and their
feasibility).

6. Provide alternatives development plans (Dis-
criminate among the policies using common
sense).

7. Analyze objectives and preferences of the deci-
sion makers (Establish which plans are feasible
using common sense).

8. Evaluate and compare the plans in terms of the
outputs (Use mathematical based methods).

9. Determine the plan to be implanted (Decide
which is the best policy).

These stages overlap and there are interactions among
them.
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An optimal combination of the schedulesi of the treat-
ment, places the need of solving an optimization problem.
We will consider the case of an additive utility function.

U= 2aiui(qi)

where
| = number of objectives,
U; = partial utility of objective |

0; = quantity produced or consumed by the objective i

The i-th sub-priority function describes the relative util-
ity produced by different amounts of a product or re-
source. It is estimated as follows:

e Fix the maximum and minimum value of the ob-
jective analyzing all the treatments schedules.

e Determine the range of variation and divide it in-
to a certain number of intervals of equal width.

e Analyze the pairs of class boundaries with re-
spect to the relative sub-priorities.

A goal of our study is fixing exploitation strategies of
the areas, i.e. to determine which areas will be harvest and
which ones should stay in stock for being exploited in the
future. Three criteria has been considered important for
evaluating the areas: relative abundance of agave plants,
the age of the plants population in them and the expected
production of mescal obtainable from them.

2.1. Analytic Hierarchy Process (AHP)

Expert knowledge and subjective preferences are used
in the determination of an Analytic Hierarchy Process
(AHP). Saaty (1977, 1980) introduced this method. The
AHP allows the derivation of a ratio scale of priorities for
the set of criteria under analysis. The elicitations of pair-
wise comparison judgments, allowing expressing them
verbally sustain the popularity of the method. The judg-
ments can be expressed either directly by a real number in
the interval [1, 10[ or by choosing a verbal expression.
Each verbal pairwise comparison elicited is automatically

converted into a number Wj; (weight).

Many applications of AHP have been reported. A lot of
research has been devoted to the critical analysis of AHP
from various perspectives, some recent ones are Saaty,
(2000); Forman and Gass, (2001), Golden and Wasil,
(2003).

We propose the use of AHP method for fixing the
weight of each criteria in the comparison of the areas. The
scale of relative importance for pair wise comparison of
the three criteria has been fixed as developed by Saaty
1977 (Table 2.1).
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1 — same importance

2— slightly more important

3 — weekly more important

4 — weekly to moderately more important

5- moderately more important

6 — moderately to strongly more important

7— strongly more important

8 — greatly more important

9- absolutely more important

Table 2.1: Scale of relative importance for pairwise comparison

Each expert is asked about the pair wise comparison of
the criteria and the comparison matrix is constructed.
From the largest eigenvalue, the consistence index and the
ratio of consistence is calculated for determining if is con-
sistent. If it is the case, the eigenvector associated to ex-
presses the importance of the criteria In other case, the
process is repeated to improve it.

2.2. Regression model for pairwise comparisons

Pairwise comparisons of data can be also implemented
through the use of regression analysis (RA). It is a
challenging option to Saaty's eigenvalue method because
of the set of statistical tools supporting it. See a discussion
in Crawford-Williams (1985) and Alho et al (1996).

Take

F :value of attribute i when it is compared with attribute j
TV (i) true value of attribute i, i =1,..,1

o, =log(TV(i))

&;; uncorrelated error

V(g)=0" E(g)=0
Crawford-Williams- model establishes that
y; =log(ry) = & —a; +¢;

and the usual methods for fitting the equation
(estimating the regression parameters) can be used
(least squares, least absolute deviation etc). The

ability to identify is fixed by establishing that «; = 0.
In multilevel decision hierarchy the model is used
repeatedly. The response log( I‘ij) reflects the criterion
of the judge. The regression generated allows
establishing posterior of the priorities. It describes the
inconsistency and the variance of the pairwise
comparisons for given judge.

Alho et al (1996) considered the case of multiple judg-
es and their model was

Yiik = Iog(rijk) =0 —a; e E(gijk) =0
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Hence taking the pairwise evaluation of judges we get a
regression model for estimating ¢; . The estimate of the
relative value of the attribute i is computed by estimating

exp ()

| i=1..1
ZeXp(Oli)

The error structure is given by

Eije =M — M + é:ij +5ijk
5ijk = residual lack of consistency
V() = o7 - Intra-individual inconsistency
fij : inconsistency shared by attributes i and j
V(&)= o7 shared inconsistency

1y random effect mdeling how the criteria of judge k on
the attribute i differ from the population.

V (17, ) = o7 Interpersonal inconsistency
Hence the overall uncertainty measure is:
2 2 2

V(g ) =01 +0; +20;

It is worth noting that the analysis of the variance compo-
nents permits to evaluate the uncertainty of the judges.

2.3. Bayes
R(O) = LL(d,@) p(0)do

A consequent behavior is to select d” e D such that
R(&) is minimum. That is a Bayes decision rule. Bayes
rule and the law of total probability is used for solving the
problem. The DM must deal with determining p(6),
which is not so easy in general. Using available infor-
mation (s), he must perform a sensitivity analysis. Com-
monly p(@) is elicited and is of subjective nature. The

use of available information or generating evaluating dif-
ferent scenarios allows eliciting the probabilities in the
case of a finite set of events.In the continuous case the
DM must elicit a prior density within a certain conjugate
family, see Smith (2010).



Note that when we deal with a utility function we use
the opposite of a loss function and we look for the maxi-
mization of its expected value.

Alho-Kangas (1997) considered a non-informative pri-

or proportional to o for(at,0), a = (.., ;)" .
Then a procedure for generating « by simulation allows

computing the posterior of the priorities of the decision
alternatives. The variance of this posterior is positive if

the pairwise comparisons are inconsistent (02 >0).
Saaty's inconsistency fixes that G # Gely (Saaty (1980)).

The consistency implies that the estimate of o is a param-
eter as the estimator has no variance. The uncertainty of a
pair of DM’s or experts (judges) is not reflected in the
posterior when the priorities are proportional.

When the opinion of a judge is describable by a contin-
uous distribution function (s) he can be asked fixing the
best guesses values of the ratio between two attributes and
a value of the probability in an interval where this value
lies.

3. Numerical Experiences

3.1 The Data Base

Using the data obtained from Madariaga (2004) three
experts with a similar experience considered the variables
Relative abundance, Mean age and Expected production
potentialities of the areas. They used their expertise in
forest management.

The data were analyzed and each DM used a “four
rounds Delphi” procedure for arriving to a consensus.

The usual Delphi methods look to produce an adequate
level of consensus. The experts are interviewed and the
results are feed backed to them, who reforms their judg-
ment looking for a consensus. The three experts analyzed
the information at hand and performed for reaching a con-
sensus for estimating the priorities. The regression meth-
od and Saaty's AHP were used for fixing them.

3.2. Comparison of Regression and Saaty method.

The results obtained using the regression and Saaty
methods sustain that there are considerable differences
between the methods and that the DM’s criteria converges
within the methods.

Tables 3.1 and 3..2 present the obtained results in the
four rounds. For the variable Relative abundance Saaty
offers good results since the second round. However,
Regression has a faster convergence respect to the
variable Mean age and has a slightly better behavior in
the variable Expected Production Potentialities.

DM3 0,97 0,84 0,84 0,87
MA
DM1 0,38 0,49 0,40 0,44
DM2 0,42 0,36 0,42 0,49
DM3 0,38 0,51 0,41 0,45
EPP
DM1 0,78 0,37 0,83 0,23
DM2 0,78 0,14 0,86 0,26
DM3 0,90 0,39 0,88 0,34
Table 3.1. Estimates of the mean priorities of 3 DM’s in rounds 1 and.2
R3 R3 R4 R4
Reg. Saat Reg. Saat
RA
DM1 0,66 0,85 0,65 0,84
DM2 0,67 0,84 0,66 0,84
DM3 0,75 0,84 0,69 0,84
MA
DM1 0,41 0,45 0,41 0,45
DM?2 0,41 0,47 0,41 0,46
DM3 0,41 0,45 0,41 0,45
EPP
DM1 0.83 0,25 0,84 0,27
DM2 0,87 0,22 0,87 0,24
DM3 0,88 0,30 0,85 0,28

Table 3.2 Estimates of the mean priorities of 3 DM's in rounds 3 and.4

The variance structure of the estimated variance is
presented in tables 3.3-3.5. The analysis of the relative
abundance suggests that the inconsistency is seriously
diminished at the end of the process. For the mean age the
convergence is very fast and a perfect coincidence is
obtained at the third round. The expected production
potentialities presented a large interpersonal inconsistency
in all the rounds and a non convergence is obtained. The
other components seem to converge with the development
of the process. These results sustain considering that there
are large discrepancies in terms of considering the
production potentialities of the areas among the judges.

R1 R1 R2 R?2
Reg. Saat Reg. Saat
RA
DM1 0,65 0,88 0,67 0,86
DM?2 0,68 0,81 0,67 0,83
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o} &2 o5 G°
RA
Round1 0,22 0,32 0,15 0,84
Round 2 0,10 0,13 0,06 0,35
Round 3 0,07 0,04 0,07 0,25
Round 4 0,07 0,08 0,07 0,29
Table 3.3. Estimated variance components of Relative Abundance for
Delphi’s rounds
o} G2 o5 &°
MA
Round1 0,14 0,08 0,10 0,42
Round 2 0,03 0,05 0,01 0,10
Round 3 0,00 0,00 0,00 0,00
Round 4 0,00 0,00 0,00 0,00
Table 3.4. . Estimated variance components of Mean Age for Delphi’s
rounds




ol o5 o5 5
EPP
Round1 0,20 0,12 0,30 0,92
Round 2 0,11 0,16 0,10 0,47
Round 3 0,06 0,10 0,30 0,76
Round 4 0,17 0,09 0,35 0,86

Table 3.5.. Estimated variance components of Expected Production
Potentialities for Delphis rounds

3.3. Comparison of estimates computed using Regression
and Bayes method.

The use of regression and Bayes procedure is evaluated in
5 plans proposed by the judges. The results in table 3.6
suggest that median and posterior means are very
different in two of the five cases and only in two cases
they are similar. The errors of the posterior means are the
smaller. Regression and Bayes estimation are generally
close and the posterior means belong to the confidence
interval computed using the regression model. See
table3.6.

Plan
RE

0,61 | 035|093 | 041 | 0,60

of Confidence Interval

050 | 0,19 | 0,88
0,72 1 0,54 |1 0,98

Bounds

Lower
Upper

0.52
0,68

0,18
0,58

ME 055 | 0,64 | 0,83 | 0,45 | 0,80

of Confidence Interval

0,46 | 0,59 | 0,74
0,62 | 0,69 | 0,90

Bounds

Lower
upper

0,23
0,67

0,65
0,95

PME 051 (032|091 | 044 | 067

of Confidence Interval

Lower | 0,47 | 0,29 | 0,89 | 0,40 | 0,62
upper | 0,55 | 0,35 | 0,93 | 0,48 | 0,72
Table 3.6. estimates of priorities of 5 plans using a=0,05. (RE: regres-
sion estimation, ME: Median Estimates, PME: Posterior Means Esti-
mates

Bounds

4. Similarity of the evaluation made by the experts of the
development plans

The experts proposed 10 plans and they classified the are-
as, considering the specifications of them in “exploita-
ble”, if they can be used immediately by an industry, “in
stock” if they should be maintained in reserve.

Measuring the similarity of the evaluation of the ex-
perts is needed both for considering the consensus of the
experts and for detecting the partitioning of the invento-
ried areas.

Take judge X and Y. They evaluated independently the
areas inventoried and the counts of their classification
produce the table 4.1
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by Y
EA AS Total
byX[EAT@ T a-+b
AsTc Td c+d
Total a+C b+d N

Table 4.1 Contingency table of the cross classification ( EA: Explotaible
Areas, AS: areas in stock)

a : number of consensual exploitable areas.

b : number of areas considered exploitable by X and not
by Y

C : number of areas considered exploitable by Y and not
by X

d : number of consensual stock-able areas

Albbatineh et al. (2006) proposed a linear family of
similarity indexes. Are popular the following indexes:

_T(¥S)

= Rand: R

2a

» Czekanowski: CZ = ———
2a+b+c
= A popular non linear index is

a  CZ
a+b+c 2-CzZ

= Jaccard: J =

Albatineh et al. (2011) presented them and together
with other 13 indexes that can be described by mutual re-
lationships. Some approximations to the expectations and
variances of R, CZ and J can be obtained using Taylor
Series approximations or regression motivated formulas.

The number of areas considered was 8726. They were
classified independently. The classification function of an

expert 1,1 =1,2,3 is defined as:
fi(z)=1(-1) if z is classified as “ready” (“in

stock”). To classify an area K as ‘ready to exploitation
or ‘in stock’, it is possible to apply the majority criteria;
the classification function is then defined as:

C(z) =sign(f, + f, + £,)(2)

Here sign denotes the function sign and C(z) =1(-1)

means that the area Z is ready (in stock) for being ex-
ploited.

In the above criteria, the classification of each area is
determined by the experts’ opinion on the area in ques-
tion. None information on the similarity of the experts
judgments has been taken in account, however, such in-
formation could be important for the classification.

In our study, we have compared the pairs of judges
A=(1,2), B=(1,3), C=(2,3). See the results in table 4.2.
They established that the judges 1 an 2 are more coinci-



dent in their classification than other considered groups.
As their expertise was similar it is worthy considering if
the third expert is better or worse than the other two. This
fact was beyond the objectives of our study. We include
the group D=(1,2,3). We used a majority rule for compu-
ting the inputs in table 4.1 for computing the indexes for
D. The coincidences of the three experts provided a and d.
The number of cases where two experts considered that
areas were “Exploitable Areas” was b and the number of
“Areas in stock” ¢ was obtained from the cases where two
experts gave this evaluation. Note that J gives the most
pessimistic idea on the similarity of the evaluations in all
the cases.

INDEX A B C D

R 0,83 0,80 0,75 0,73
CZ 0,95 0,83 0,78 0,64
J 0,65 0,59 0,58 0,35

Table 4.2. Similarity of the classification of the areas

The managers considered the decision rule

“Use the classification of an area as ‘ready’ (in stock) if
experts land 2. If it is not the case, the classification giv-
en by expert 1 is accepted.”

They justified this rule arguing that the similarity of the
judgments of experts 1 and 3 was higher than between 2
and 3..

Note that the above considerations assume that all the
experts have the same weight for making the decision.
This problem needs of a further studies. Another problem
to be analyzed is the modeling the decision procedure
considering a group preference function, able to represent
the consensus of the individual preferences of the experts
following the ideas of the seminal paper of Dyer and
Forman (1992).

5. Conclusions

We have presented a methodology for evaluating the
harvest of maguey in un-cultivated areas with different
characteristics. It was developed within a study of the
possible industrialization of the actual artisanal
production of mescal in Guerrero. The investigation
developed in 2004 provided the data, which has been used
to simulate the behavior of the application of the
methodology.

The analysis of the areas took place considering the
variables measured in the investigation of Maradiaga
(2004).

The opinions of three experts in forest management,
Analytic Hierarchy Process, Bayes and Regression meth-
ods have been used for determining the priorities.

The results suggest that a 4-rounds Delphi procedure
allows obtaining consensus in the evaluation of the three
variables. We observed that the criteria converge within
the methods. These results sustain that the higher priority
corresponds to the relative abundance of agave plants, fol-
lowed by mean age of the plant population.
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The similarity indexes of the evaluation of ten plans by
the experts sustain the existence of a larger similarity be-
tween the judgments of experts 1 and 2.

There are large discrepancies among the judges by con-
sidering the production potentialities. The other compo-
nents seem to be more coincident.
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