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How to Apply the AHP method to a risk evaluation

Abstract AHP, which was established by Thomas L.
Saaty in 1971, is decision-making method based on a
pair comparison. Since its proposal by Saaty, the of
evaluation standard the AHP method has been as an
extremely technique in many evaluation method. In
addition, AHP method in itself developed
incrementally by adopting other theories (e.g. fuzzy
theory). However, a lot of landslides and slope collapses
are actualized the rapid development of countries such
as Vietnam in humid tropical regions. As such, the
progress of development countries slope disasters. In
response, development of the AHP method expected in
application to these slope risk evaluations. This paper
utilizes case studies to illustrate the role of AHP
method as a "teaching tool" in application to slope-risk
evaluations. Further, the limited application of this
method is also explained in this paper.
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The AHP Method
Defining the AHP Method

In the process of decision-making we frequently
encounter unavoidable critical situations. At an
individual level such decisions may concern the
purchase of a house or a car, while they may also
influence the course of a person's life when involving
decisions over marriage or a professional career. In
society, the spheres of politics, business, industry,
medicine or education involve a series of situations
which require decisions on critical strategic objectives.
As organisations become larger in scale, transparent
decision processes are crucial for securing consensus
among the organisation's members. However, a host of
complex factors intervene in critical strategic decisions.
In many cases, these factors exist in situations of
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competition and trade-off (e.g. choice between
mutually exclusive alternatives such as that between
benefits and costs); thus, in accordance with the
location of our objectives the relevant significance of
these factors will vary.

Addressing these complex problems, Thomas I.
Saaty[1980]of the University of Pittsburgh proposed the
Analytic Hierarchy Process (AHP). It is characterized
as' a method which measures the relative influence
among factors determining the evaluation standard.’
The greatest benefit of this method is its ability to
'clearly quantify uncertain evaluation standards.’

Concretely, the system supports decision-making
based on overall scores generated through the division
of a task into three levels, i.e. 'goal’ (level 1), 'criteria’
(level 2), and 'alternative' (level 3).A factor's importance
is determined through hierarchical structures allowing
for comparisons of all factors present at each level, thus
determining the relative weight of each factor at each
level (see Figure 1, below).
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Fig. 1 AHP analysis flow and example “ Buying a new
car "models using AHP
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In simple terms, this is a 'method for situations in
which one has to select the most appropriate item out
of a host of available options. As such, it facilitates
rational decisions through paired comparison of these
items while incorporating experience and intuition.'
Thus, a key element of the AHP method is "paired
comparison'. AHP's paired comparison enables us to
conduct a comparison of items which were previously
incomparable, and thus represents an advantage which
is lacking in other statistical methods.

The AHP Relative Measurement Method

The classical procedure of the AHP method is the AHP
relative measurement method. This method first sets a
'goal' and determines necessary 'evaluation standards'
which are incorporated into a hierarchical structure. A
decision as to the most appropriate alternative is
sought based upon the varying weight of evaluation
standards with regard to multiple alternatives. In
practice, first, a table of paired comparisons including
all items comprising the evaluation standard is
compiled; the weight of the evaluation standard is
determined through the AHP quantification method.
As shown in Table 1, tables with numerical input in
the conduct of paired comparisons represent not only a
shared premise of the AHP method, but are, indeed, a
method peculiar to AHP.

Table 1 Degrees of the paired comparisons.

In ity of
. tensity o Explanation
importance
1 Both of the items are important equally.

The item of the row is slightly more
3 important than the item of the column(or
conversely, 1/3).

The item of the row is more important
5 than the item of the column(or
conversely, 1/5).

The item of the row is considerably more
7 important than the item of the column(or
conversely , 1/7).

Intermediate values when compromise is

24,6 needed.

The next step is for the weight of evaluation items
relating to available alternatives to be determined
through paired comparison. As a result, this

mechanism allows for the generation of aggregated
values for the weight of each alternative, based upon
which the most appropriate alternative can be
determined. This method becomes extremely
complicated, however, if a large number of alternatives
exist. Moreover, if evaluation standards and alternatives
subjected to comparison increase after analysis has
already begun, all the paired comparisons must be
repeated from the beginning. Further, other
shortcomings of this approach include the possibility of
complete alternation of the order in the weighting of
alternatives which has been created at the beginning of
this process (see Figure 2, below).
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Fig. 2 Problems in the standard alternative the AHP
relative measurement method and its shortcomings

The AHP Absolute Measurement Method

Thus the AHP absolute measurement method has been
designed in an attempt to solve the above mentioned
problems (see Figure 3, below). The AHP absolute
measurement method uses the weights of the paired
comparisons of evaluation standards as common
measurement values. Basically, the weight aggregation
through paired comparison of a value axis corresponds
to the AHP relative measurement method. However,
this method conducts no paired comparison for
alternatives, but is employed for establishing a measure
for judging the respective importance of each item
along the evaluation axis.
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Fig. 3 An outline of the AHP absolute measurement
method (3¢standard car criteria as “comfort”)

Important here is the establishment of a series of
'indicators' which can represent paired comparisons
along the evaluation axis (e.g. representative examples
in the order ranging from cases of heavy weight
towards cases of low weight)[Hamasaki,2013].

By applying concrete representative cases as
'indicators' we evade complicated paired comparisons
that involve many alternatives. In this way, it becomes
possible for us to generate almost equal weights
between all items for all alternatives.

Other AHP Methods

In addition, we witness new developments regarding
AHP such as a network approach to the AHP method,
or research on hybrid forms of AHP evaluation systems
which apply approaches such as fuzzy inference. In
particular, as the aggregation methods for calculating
the  weight determined through proportion
measurement research has proposed approaches such
as the arithmetical average method, the least squares
method, the eigenvector method, or the geometric
mean method have been proposed. Moreover,
aggregation procedures that have implemented blank
paired comparisons can be aggregated through
mathematical methods. Yet, in conducting paired
comparisons we cannot assume that human decisions
are steady or consistent. The problem can be addressed
by applying a consistency index (CI). Generally, if
Cl<o.1 we can conclude that there is consistency.

Applicability to AHP Slope Risk Evaluations

Established Slope Evaluation Systems

In the past, we have seen a number of approaches in
the sphere of risk assessment development regarding
slopes of an embankment. For example, based on a
large-scale investigation of the damage of embankment
residential areas at the Hanshin-Awaji earthquake
Kamai et al have applied a neural network to create an
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earthquake risk assessment system for embankment
foundations[Kamai,2004]. Moreover, as the physical
properties of embankments are in comparison to
natural ground relatively easy to simplify, research on
risk predication methods for embankments has
emerged which builds on the so called physical method
employing Hamasaki et al's three dimensional
instability analysis model RBSM (see Figure 4,
below)[Hamasaki,2007].

However, with the exception of destruction, property
values of slopes are difficult to assess in risk evaluations
of natural ground landslides, which is why a versatile
approach applying physical methods has not yet been
achieved. Furthermore, statistical methods such as
neural network and multivariate analysis statistical
approaches, or the maximum likelihood method
[Satou,2005] require supervised data.

Unfortunately, the amount of supervised data
sufficient for model building is difficult to obtain.

As a result, landslide susceptibility maps prior to 2010
were limited to the scoring and the creation of
evaluation models and were based upon experience
points regarding topographical quantity and geology, or
property values.
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Fig. 4 An outline of the RBSM three dimensional
instability analysis model (Fs : Value of slope stability)
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AHP-Based Risk Assessment System Applying Aerial
Photography Mapping

Japan's National Research Institute for Earth Science
and Disaster Prevention (the former National Research
Center for Disaster Prevention) has conducted large-
scale aerial photography projects which have been
published since 1982as topographic landslide maps with
a scale ofi:50000. In addition, the Tohoku research
group of the Japan Landslide Society has developed a
risk assessment system based on aerial photography
maps [Hamasaki,2003 Miyagi,2004, Yagi,2009, ].

A large number of landslide experts participated in the
building of this model. Based on the experience points
of each expert, the AHP has been applied to stratify the
conditions of the evaluated micro topography and its
surrounding areas. Building on these procedures,
evaluations of the weight of the decision standards have

been discussed. In principle, this approach applies the
AHP absolute measurement method: scored decision
standards are integrated into a data sheet while a risk
assessment is conducted through the inclusion of level
checks for each decision element. That is, established
standards for each evaluation item are stratified with
declining scores from left to right. As such, this system
allows for decisions through 'paired comparisons' thus
avoiding deviation in decision on each item of a
respective slope ground. After the completion of this
AHP risk assessment model, our model region
investigated has witnessed several cases of landslide
through earthquakes and thaw, as well as rainfall. Most
of these landslides occurred in areas considered to be
high risk under the AHP assessment system, thus
proving the model's validity [Yagi,2012].
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Fig. 5 Example of a data sheet through AHP aerial photography



Problems
Assessment

in Applying AHP to Slope Risk

In the building of evaluation systems, the AHP
approach allows us to compensate for insufficient
supervised data through experience points. However,
caution is required if engineers with insufficient
experience freely participate in the system
construction; this may result in deviation from the
approach's initial purpose. Therefore, it is necessary
that experts with a high degree of experience will be
summoned for this process to be effective. Furthermore,
in order to determine the evaluation standard of slope
risk assessments in a given region, it is necessary that
research groups conduct on-site surveys and
brainstorming in order to enhance specific knowledge
of a given area. Of course, in addition to these
procedures it is necessary to investigate the relations
between the topology and geology of an area and slope
stability using GIS. Building on these findings,
evaluation standard determinations, hierarchies, and
point allocations should be constantly improved.

In order to confirm the validity of the AHP model, it is
also necessary to build a model for the investigation of
the potential reoccurrence of slope destructions
(landslide, collapse). For example, a more appropriate
model may be achieved through the combined
application of likelihood rate decisions and fuzzy
theory which incorporate a probability density function.

Perspectives and Empirical Cases of the

Method as Teaching Tools

We have elaborated above the benefits and problems of
AHP. The basis of the AHP approach is that it serves as
a tool to transform the vast amount of individual tacit
knowledge into explicit knowledge, thus representing
an outstandingly effective method for the use as an
instrument in education to communicate technology.
We have prepared and contributed PowerPoint slides
describing the AHP method and the possibility for its
application in risk assessment. While these elaborate
on the basic method, the slide entitled 'From tacit to
explicit knowledge' elaborates on the role of AHP in
explaining the principle of transforming 'tacit' into
'explicit knowledge' as a process which allots to a
'persons face and age'. That is, we explain how in
response to the final goal of 'guessing a person's age'
through intuition we employ a number of indicators
such 'the number of wrinkles', 'the extent of a skin
sagging’, 'the amount of hair', or 'the texture and gloss
of the skin' in order to conduct a weight assessment
using the AHP method results in the establishment of a
'model program for guessing a person's age' (see Figure
6, below).
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Fig. 6 Model of guessing a person's age through an
analysis of his/her face applying the AHP method

Yet, while this may apply to same ethnicities, we
explain that if ethnicities vary our accuracy of guessing
a person's age declines. We have shown how this
intuitively relates the AHP method's ‘aerial
photography landslide risk assessment system'.

Conclusions

Here, we have explained on the conventional methods
in the form of the 'AHP relative measurement method'
and the 'AHP absolute measurement method' and
elaborated on the possibility of applying the approach
to a slope assessment system, as well as on the
necessary conditions of using the AHP method.
Furthermore, as a teaching tool we have elaborated on
the process of transforming 'tacit knowledge' into
'explicit knowledge'. Here, we applied the example of
guessing 'a person's face and age' to illustrate the utility
of the AHP method. In conclusion, the AHP method
has achieved tutorial application.
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