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Abstract

Various controlling factors such as geology, slope angle, slope aspect, landuse, stream proximity etc are
generally considered. Spatial multi-criteria evaluation (SMCE) tool in GIS software were used which takes
into account such a complex relationship among parameters. The study is based on a terrain mapping units
map, genevated at 1:25,000 scale by interpretation of thematic maps, satellite images and field data. Five
area factors, three linear factors and six constraint factors were entered to model. In this research, a criteria
tree model for landslide susceptibility is proposed, priovity weights and fuzzy standardization for each
parameter controlling the landslide were detevmined, and a composite index map that was classified to four
class as a hazard map was prepared of an area in a fragile mountainous tevrain in the centre part of Iran.
Watershed area was 5683 ha that 69.5% from that had no visk, 8.3% of area had moderate visk and 1.9% of
area had high risk. The presented susceptibility maps was intended to help in the design of hazard and fear
mitigation and land development policies at watershed scales.

1. Introduction

1.1 Motivation and Aims

Landslides are among the most widespread
geological hazards on earth and threaten lives and
property globally, specially in mountain roads in
Iran. Despite advances in science and technology,
these events continue to result in human suffering,
property loss and environmental degradation. As
regional populations, urban expansion and storm
intensities increase due to changing development
and climate patterns, the economic and society costs
of landslides will continue to rise, increasing the
demand for improved protection against landslides.
Landslide susceptibility mapping is a valuable tool
for assessing current and potential risks that can be
used for developing early warning systems,
mitigation plans and land use restrictions. Aim was
landslide potential mapping for preparedness against
landslide disasters by using GIS and spatial multi-
criteria  evaluation (SMCE) tools in Manshad
watershed in Tran.

1.2 Overview and References

As in most developing countries, landslide
inventory maps are still scarce in Tran, due to the
limited resources available for rescarch. Most
conventional landslide studies in Tran are
descriptive, and a few focus on hazard assessment.
Moreover, most of the quantitative risk assessment
methods that have been developed elsewhere are
case-specific and require many types of data, on
landslide occurrence and impact, most of which are

not yet available in Iran. In the last decade or so, the
combination of Geographical Information Systems
(GIS) and multicriteria evaluation (MCE) has been
routinely adopted as an approach to assess the
suitability of an area to a spatial aim, and
consequently to select optimal locations for some
ideas (Buenrostro Delgado et al., 2008). MCE in a
GIS environment (or spatial multicriteria evaluation,
SMCE) is a procedure to identify and compare
solutions to a spatial problem, based on the
combination of multiple factors that can be, at least
partially, represented by maps (Malczewski, 2006).
SMCE is commonly applied to land suitability
analysis (see reviews in Malczewski (2004) and
Collins et al., (2001)). There are four different
approaches to the assessment of landslide hazard:
landslide inventory-based probabilistic, heuristic,
statistical (bivariate or multivariate statistics) and
deterministic  (Soeters and Van Westen, 1996,
Aleotti and Chowdhury, 1999, and Guzzetti et al.,
1999). Landslide risk assessment methods are
classified into three groups, as qualitative
(probability and losses in qualitative terms), semi-
quantitative  (indicative probability, qualitative
terms) and quantitative (probability and losses both
numerical) (Lee and Jones, 2004). The heuristic
approach is considered to be useful for obtaining
qualitative landslide hazard maps for large areas in a
relatively short time. It does not require the
collection of geotechnical data. The heuristic
approach may result in more reliable susceptibility




maps than using statistical methods, where a
considerable amount of generalization always needs
to be accepted in the analysis. Qualitative risk
assessment procedures in many countries are
heuristic, e.g. in Switzerland (Lateltin, 1997). The
qualitative approach is based on expert opinion. The
increasing popularity of geographic information
systems (GIS) has lead to many studies, mainly
using indirect susceptibility-mapping approaches
(Aleotti and Chowdhury, 1999). Therefore, fewer
investigations use GIS in combination with a
heuristic approach, or index overlay mapping (e.g.
Barredo et al., 2000 and Van Westen et al., 2000,
2003). Nowadays, new decision-support tools are
available for GIS-based heuristic analysis. They
allow better structuring of various components,
including both objective and subjective aspects and
compare them in a logical and thorough way (Saaty,
1980). Decision support tools such as (spatial)
multicriteria analysis have not been popular for
qualitative  assessment of landslide hazard
(Castellanos Abella and Van Westen, 2007). For a
regional scale landslide susceptibility assessment,
statistical methods may be the most applicable
because they are relatively simple to implement,
provide quantitative results and are easily updated.
However, traditional statistical methods still lack the
ability to quantify the influence of individual factors
and their different categories (He and Beighley,
2008). Tn recent years, geographical information
systems (GISs) have proven to be a versatile tool for
the display, analysis, management and modeling of
spatial data. Through appropriate use of GISs, most
approaches to landslide susceptibility mapping
enable total automation of assessment and the
standardization of data management techniques,
from acquisition through final analysis (Soeters and
Van Westen, 1996, Stevenson, 1977 and Anbalagan
and Singh, 1996). This paper presents a GIS-based
multivariate  statistical approach for regional
landslide susceptibility assessment. The approach is
applied to map landslide susceptibility in central
Iran using a newly digitized factor maps inventory.
Landslide risk mapping is too complicate without
GIS because there are multi criteria that must be
considered. Environmental concepts are becoming
common and ever more important parts of decision
support models, which are a vital part of decision
support systems (Znidari¢ et al., 2006). In this
study all factors and constrains are spatial. The data
driven approach, sometimes called data mining, is
considered as very promising, because theory in
general in many disciplines is poor and spatial data
is becoming increasingly available (rapid move
from a data poor environment to a data rich
environment). Spatial multicriteria decision analysis

requires data on the geographical locations of
alternatives and/or geographical data on criterion
values. To obtain information for the decision
making process the data are processed using
MCDM as wells as GIS techniques. Spatial
multicriteria decision analysis is a process that
combines and transforms geographical data (the
input) into a decision (the output). This process
consists of procedures that involve the utilization of
geographical data, the decision maker’s preferences,
and the manipulation of the data and preferences
according to specified decision rules. In this
process, multidimensional geographical data and
information can be aggregated into one-dimensional
values for the alternatives. The difference with
conventional multicriteria decision analysis is the
large number of factors necessary to identify and
consider, and, the extent of the interrelationships
among these factors. These factors make spatial
multicriteria decision analysis much more complex
and difficult (Malczewski, 1999). GIS and MCDM
are tools that can support the decision makers in
achieving greater effectiveness and efficiency in the
spatial decision-making process. The combination
of multi-criteria evaluation methods and spatial
analysis is referred as Spatial Multiple Criteria
Evaluation “SMCE”. SMCE is an important way to
produce policy relevant information about spatial
decision problems to decision makers (Sharifi and
Retsios, 2003).

2. Methods

2.1 Study area

Manshad watershed is in centre of Iran. The area is
located between latitudes 31° 29' 10" to 31° 35' 57"
North and longitudes 54° 10" 00" to 54° 16' 22"
East. Average eclevation is 2400 m asl and
elevation changes from 1800 to 3400 m a.s.l in this
watershed. Climate is arid and semi arid with 280
annual precipitation. Stones are limestone partly
marmorized, sandstone, conglomerate, gravel fans
and granite. There are 3 villages (Figure 1).

2.2 SMCE Programming

Criteria may be of two types: factors and
constraints. Factors are generally continuous in
nature (such as the slope gradient or roads proximity
factors). Proximity maps were made by buffering
around line, point or polygon features (Figure 2).
They indicate the relative suitability of certain areas.
Constraints, on the other hand, are always Boolean
in character. They serve to exclude certain areas
from consideration. Factors and constraints can be
combined in the SMCE programming in ILWIS as
GIS software. SMCE is characterized by some level
of assumed risk that will strongly influence the final




suitability map. Factor maps: area factors (slope, These spatial data were used to mapping landslide
aspect, landuse, geomorphology, geology), lincar hazard by entering to sub program “SMCE” from
factors (proximity to roads, to streams, to fault) and ILWIS 3.3 (GIS) software. Factor and constraint
constraints: (slope less than 15% and more than maps changed to raster with unique georeference
100%, elevation upper than 3000 m a.s.l., land use and pixel size. Criteria tree designed and in every
i.e. unusable stony areas, geomorphology faces rock bench of tree, a map inserted (Figure 3).

and stone, road surfaces, stream surfaces).

Figure 1: Manshad watershed in Tran Yazd province

Figure 2: Proximity to stream by buffering
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Figure 3: Designed criteria tree model in SMCE

2.3 Standardization

Standardization converts a quantitative image to a
new image expressed as standardization scores.
Standardization of factors (benefits+ and costs-):
output values range Dbetween 0 and 1
Standardization of constraints; output values are
either 0 or 1. For standardization of factors, must be
select one of the following functions: Maximum,
interval, goal, convex, concave, and combination
(U-shape, Gaussian, Piecewise linear). (Figure 2).

For example in maximum method, the following
formula was used:

Benefit factor = value / maximum input value 1
Cost factor = | - {value / maximum input valuc) + | 2
{mininum input value / maximum input value)

2.4 Standardization of Constraints

Unlike  factor  standardization,  standardized
constraints cannot be compensated by good
performance of other criteria.  Standardized
constraints  will either obtain value 0 (not
performing) or value 1 (performing).
Standardization constraints methods are unequal to
zero, minimum, maximum, inside, outside. For
Boolean landuse map, standardization, “TRUE
passes, FALSE will be blocked” was used. This
means that all input pixels with value True will be
included in the output map; all pixels with value
False will be excluded from the output.

2.5 Weights
Weigh multiple factors (benefits and costs) and
optional groups under the main goal, and/or weigh

multiple factors and optional groups under a sub
goal. Assigning weights is needed in order to
indicate the relative importance of these factors with
respect to the main goal or to optional sub goals.
There are some method for weighing: Direct
Method, Pairwise Comparison, Rank Ordering. For
example in Pairwise Comparison, Decision maker
goes through all unique pairs and assigns Saaty
weights (in words). From these weights, normalized
weights are calculated (Saaty, 1984) (Figure 3). In
rank ordering (Expected value, Rank sum): Decision
maker assigns a rank-order to the items. From this
rank-order, normalized weights are calculated.
Weights are always numbers between 0 and 1.
Weights cannot be negative in Figure 3 see
standardize and weight methods that are selected.

2.6 Results

From Saaty matrix with the best consistency ratio
the eigenvector i.e. the relative weights of factors,
was calculated. Constraints do not give weight,
because they were standardized for being or
elimination not a gradient effect. The constraints by
Boolean method eliminated from watershed. Slope
as an area factor gained the biggest weight (0.46)
and proximity to road as a linear factor gained the
biggest weight (0.61). Maximum standardization for
natural factors was used. From combination of
factor and constraint raster maps, composite index
map (CIM) in range O until 1 was generated by
SMCE procedure. Near 0 value in this map had
lesser hazard and near | vice versa (Figure 4).
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Figure 6: Classified CIM

2.7 Discussion and Conclusion

Majority pixels in the composite index map (CIM)
got value between 0.1 and 0.9 in normally shape
(Figure 5), thus classifying by considering this range
was done. In medium slopes and near linear items
and susceptible areas, i.e. value near 1 has most
landslide risk (Figure 6). GIS and computer aided to
decision makers and stakeholders to composite and
analysis multicriteria. Then decision makers by
considering some issues can decide to do project.
This model can help to decision making and
measure ends anticipatory be faster, easier and more
exactly. In this paper, landslide disaster mapping
were developed to quantify and weight the influence
of potential risk factors for predicting the locations
of landslides and subsequently preparedness against
its disasters. Using GIS, a multivariate statistical
approach for landslide susceptibility mapping was
developed. Modeling results for central Iran suggest
that ground slope and slope aspect are the most
important landslide risk factors, followed by

landuse, elevation, proximity to road, to stream and
to fault. Wartershed area was 5685 ha that 69.5%
from that had no risk, 8.3% of area had moderate
risk and 1.9% of area had high risk. The area with
high risk is small but knowing it for human
tranquillity is very important. The presented
susceptibility maps was intended to help in the
design of hazard and fear mitigation and land
development policies at watershed scales (Figure 6).
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