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Abstract: Floods can be considered as one of the most 

devastating natural hazard in developing and developed 

countries around the world. Apart from physical damage and 

financial loss, floods results in tremendous loss of human lives. 

Current risk assessment methods are not efficacious due to lack 

of analysis of the flood causing factors. There are enormous 

factors causing flood. The paper aims to apply a structural 

modeling technique for flood conditioning factors identification 

and prioritization by establishing a relation among them. The 

paper presents a framework for various flood conditioning 

factors. The framework uses Interpretive Structural Modeling 

(ISM) for modeling. Further matrice d’impacts 

croises-multiplication appliequé à un classement (MICMAC) 

[17] method is applied to recognize both direct and indirect 

relationship between factors and access the most prioritized 

flood conditioning factor. Their relationship   among the factors 

is established, which would help in effective risk mitigation 

management. 

Index Terms: Flood Conditioning Factors, Interpretive 

Structural Modeling, MICMAC, Reach ability matrix, 

Structural Self Interaction Matrix component 

I. INTRODUCTION 

  Flood disaster is regarded as the most frequent and 

destructive types of disasters around the world [7]. 

Worldwide researches indicate that continuously increasing 

floods is a threat to millions of the citizens residing in various 

countries, and thus will remain the most widely distributed 

natural hazard leading to tremendous economic and social 

loss. 

Floods being natural hazard cannot be eliminated from the 

earth. Despite tremendous progress in technology while 

dealing with disasters, natural phenomena greatly affect the 

social and economic conditions of the entire world. It is 

almost impossible to fully regain the damage caused by 

natural disasters, but it is possible to minimize its effect and 

mitigate the risk by finding effective risk reduction methods 

[3]. 

This research paper gives a structure that helps in 

modeling and establishing certain relationships (direct and 

indirect) among the various flood conditioning factors. By 
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analyzing these floods conditioning factors researchers can 

focus their efforts on most critical factors and thus flood 

mitigation strategies can be designed accordingly. 

This paper uses Interpretive Structural Modeling (ISM) 

for modeling and measuring flood conditioning factors.  

“Interpretive Structural Modeling” (ISM) is an integrated 

framework that helps in identifying the structural model 

delineating relationships between various factors.  In this 

research, flood conditioning factors are analyzed using ISM 

methodology thus showing interrelationships between them 

[14][13]. 

An extensive literature survey was done for identifying the 

various flood conditioning factors.  Based on literature 

survey of the tremendous work done in the field the factors 

were identified and were used in identifying a relationship 

matrix, which is further used to develop an ISM model for 

flood conditioning factors. 

MICMAC stands for Matrice d‟Impacts Croise´s 

Multiplication Applique´e a` un Classement, which means 

“cross impact matrix multiplication applied to 

classification”[26].  

In MICMAC, analysis is done based on the dependence 

and driving power of the identified variables. It categorizes 

variables into four quadrants, named as autonomous, 

dependent, linkage and independent. First quadrant factors 

have weak driver power and also weak dependence power 

and are thus called autonomous factors. Factors having weak 

driver power but with a strong dependence power will fall in 

second quadrant and are called dependent factors. Factors 

having both strong driver and dependence power will fall in 

third quadrant and are called linkage elements. The driver or 

independent variables, having low dependence but high 

driving power will fall in quadrant number four [11]. 

The remaining paper is divided into different sections. The 

second section gives intensive literature review of various 

flood conditioning factors. Based on the literature review and 

with the help of experts (Delphi Method) certain flood 

conditioning factors are identified. In the third section the 

proposed approach is discussed and also impeccable 

evaluation of ISM based factor identification is done. This 

section includes modeling of flood causing factors to obtain a 

directed graph which establish a relationship among the 

flood causing factors.  
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In this paper, total eleven factors are identified using 

which an ISM model is developed. Then the fourth section is 

concluding section that is drawn from the literature review 

and the proposed approach followed by future scope. Finally 

references are placed at last. 

II. LITERATURE REVIEW 

Flood disasters are considered to be the most devastating 

natural hazards. Flood risk management by assessing the 

effects is a great challenge faced by the world today [24]. 

There are many researches going on which are trying to find 

out methods to mitigate the effects of flood. Though Flood is 

a natural disaster but there are many factors which causes 

floods [12]. There  are enormous parameters that can be 

considered such as Slope of an area, Aspect Ratio, Altitude, 

heavy rainfall, prolonged rainfall, snow melt, coastal flood,

 sudden water release, volcanic eruptions, deforestation, 

change in land use, catastrophic failure, population pressure, 

poor water management, river  management, improper dam 

construction, sudden climate change, global warming and 

many more. But by conducting extensive literature survey we 

have considered some of the influential parameters. These 

parameters are shown in Table 1. 

Table 1. List of Identified Factors 

No. Brief risk description Id. 

1 Slope Angle F1 

2 Aspect F2 

3 Altitude F3 

4 Curvature F4 

5 Rainfall F5 

6 SPI F6 

7 TWI F7 

8 River Density F8 

9 Distance to river F9 

10 Lithology F10 

11 Land use F11 

 

Ref. [6] mentions that The Center for Research on the 

Epidemiology of Disasters (CRED) defines a flood as “a 

noticeable rise of water level in a river, lake, reservoir or 

coastal region”.  There are various interrelated and 

multifaceted events and factors that cause floods. Natural 

factors include heavy or prolonged rainfall, snowmelts, or 

storm surges from cyclones etc. whereas some of the human 

factors include catastrophic failures, alteration land use 

change and inadequate drainage systems.  The Geographic 

regions such as coastal areas, drainage basins and lake shores 

are intensely at risk from heavy winds and storms. 

Environmental and physical land features such as soil type, 

the presence of vegetation, and other drainage basin 

properties also influence floods. 

The aim of the review was to illustrate the causes and the 

impact of floods on the human population and to identify 

various associated risk factors. There are various other causes 

such as TWI, SPI, Litho logy, and Distance to river etc. 

Ref  [15] says that the heavy rainfall and synchronization 

of overflow of the important rivers are generally considered 

to be the significant factor causing floods. Some of the factors 

which also should be seriously considered as major 

contributors to the recent floods are change in the base level 

of the rivers which is due to rising and sinking of the local sea 

level and unwanted sludge accumulation on flood plains. 

 Ref  [16] in their paper have focused on Mumbai which is 

the capital city of the Maharashtra. Mumbai being a low 

lying and tureen area gets flooded almost every year during 

rainy seasons and high tides. In this paper they have tried to 

figure out certain causes of floods and there forth introduce 

new methods that can reduce the floods and the impact 

caused by them. Certain reasons for floods in Mumbai are 

stated as follows: Heavy Rains and Rising Sea Levels, 

Extensive Reclamation and Faulty Zoning Regulations, 

Faltering Drainage Systems, Mumbai‟s Natural Drain, 

Incapable Storm Water Drains, Reduction in the drainage 

basin of Mithi river, Bandra -Worli sea link, Path of the 

Mithi River being changed due to CSIA‟s runway. 

 Ref [4] discussed flood risk in Malaysia, which has 

increased substantially in recent years to an extent due to 

change in the physical attributes of the hydrological system. 

These changes are the result of various human activities such 

as continuous development going on in already densely 

populated flood plains, invasion on areas that are subject to 

flood, deforestation and hill slopes development.     

Ref [10] in his paper calculated a composite flood hazard 

index (FHI) by applying AHP to get relative impact weight of 

flood causing factors. The causative factors in the study taken 

are overflow soil type, the kind of surface slope, surface 

roughness, drainage density, distance to main water channel 

and the type of land use. 

Ref [1] analyzed various causes of flood occurrence in 

recent years in Kedah, a northern state in Malaysia. This 

paper states that finding causes, both direct and indirect will 

be essential to find better solution.   Analytical  Hierarchy  

Process  (AHP)  method  is  used  in  which  pair  wise  

questionnaire is developed and distributed to selected 

respondents. Results show that human factors are recognized 

to be more critical than natural causes. There by the 

identified causes can be overcome causing reduction in flood 

disasters. 

Generino  Fernandez  uses  Analytical  Hierarchy  Process  

(AHP)  method  along  with  Geographic  Information System 

(GIS) for flood risk analysis and evaluation. Certain flood 

risk factors with their weight values were identified and 

results were validated. The factors were analyzed using GIS 

and thus can be used to promote appropriate land use policy 

thus can minimize threat to lives during floods. 

 By using hydro-morphological parameters, multi criteria 

analysis technique were tested and evaluated for flood risk 

assessment purpose [9].  
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The multi criteria analysis technique was used to analyze 

the parameters having different effects on the floods 

generated. 

Ref [21] in this paper constructs a vulnerability index by 

using a vulnerability framework. The high vulnerability 

scores, high vulnerability hazards and high flood exposure 

zones were highlighted to determine the population at risk.  

 

 

 

 

 

 

The analysis includes socioeconomic and spatial data to 

illustrate the population which are more vulnerable to floods 

with change in climate. 

Ref. [2] Presented Multi Criteria Analysis (MCA) and 

geographical information system (GIS) tool based 

assessment of flood vulnerability. Certain flood causing 

natural factors were identified such as type of soil, rainfall, 

land usage and basin size and slope. Once the effective flood 

causing factors were identified, several approaches to MCA 

in a GIS environment were applied. There are several studies 

in flood risk assessment that uses Multicriteria analysis 

(MCA) methods. Some of them include GIS- based 

multicriteria evaluation in Turkey [31] and in Kenya Ouma 

[20] [30]  assessed flood vulnerability in a river basin in 

Nigeria, [27]   uses GIS and satellite imagery for flood risk 

assessment in Thailand, [18][19] applied GIS based 

multicriteria for assessing flood in Greece. 
Ref .[29] Uses MCA and GIS techniques to assess flood 

prone areas by taking into account  the adverse effect of the 

process of urbanization posing threat of flooding. The land 

use change that takes place because of urbanization is also 

taken into account to observe the temporal change of regional 

flood hazard.  

III. PROPOSED APPROACH & IMPECCABLE 

EVALUATION 

 The proposed approach uses Interpretive Structural 

Modeling (ISM) to model and measure the flood 

conditioning factors.  It explores the dynamic influence of 

various factors by considering dependent and independent 

variables or elements [22][28]. Further MICMAC analysis is 

applied which helps in classification of variables into 

different classes. 

This research encompasses identification of contextual 

relationship [5] between 11 flood causing risk factors. 

Further structural self-interaction matrix (SSIM) [25] was 

created. Then the SSIM is converted into Initial reach ability 

matrix. We then examine transitivity and then convert it into 

final reach ability matrix, followed by development of a 

graphical model named as digraph for ISM.  Finally based on 

the relative Driving Powers and Dependence powers of 

factors with respect to each other MICMAC analysis is 

performed. These steps have been elaborated in Table 2. 

 
   Table 2.  Steps Used In Proposed Approach 

 

Step 1: Flood Conditioning Factors are Identified  
Step 2: A Conceptual Relationship is Established. 
 
Step 3: A Structural Self Interaction matrix (SSIM) is   
            developed.  
Step 4: Transitivity is Explored and Final Rechability  
            Matrix is Achieved.  
Step 5: Partition Final Rechability Matrix into Different    
            Levels.  
Step 6: Directed Graph is Drawn and Converted into  
            ISM.  
Step 7: MICMAC analysis is performed. 
 

Step 1: Firstly identify the relevant factor. For this 

research, some factors that are influential in causing flood 

are identified (shown is Table 1.) based on literature survey 

and experts opinion from relevant field. 
Step 2: Based on factors identified in step1, a conceptual 

relationship is established between the factors.  Further the 

influence relationship is considered for the research. 
Step 3: In this step a Structural Self Interaction matrix 

(SSIM) is developed shown in Figure 1. All the diagonal 

values are marked as 1. The symbols used to denote the 

direction of relationship are as follows: 
1. If factor i influence factor j it is termed as “V” 
2. If factor j influence factor I it is termed as “A”. 
3. If factor i and j influence each other it is termed as “X”. 
4. If factor i and j are not related it is termed as “O”. 

              
Figure 1. Structural Self Interaction matrix 

 

Step 4: In this step each cell of SSIM is replaced either by 

1 or 0 to develop initial reachability matrix in binary form 

(shown in Figure 3.).  If factor 1 influence factor 2 or vice 

versa mark it as 1 otherwise mark it as 0. After this 

Transitivity is explored and final rechability matrix is 

achieved. That is, factor 1 influence factor 2 and factor 2 

influence factor 3, then factor 1 also influence factor 3. The 

cells in initial reachability matrix having transitivity are 

marked as 1*. Figure 3. shows the final reachability matrix 

for the 11 identified factors. 
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     Figure2.Reachability matrix 
 
Following is the conversion of Structural Self Interaction 
Matrix (SSIM (I,J)th entry) into Rechability Matrix:  
 
1.  V => SSIM (I,J) =1 and SSIM (J,I) = 0  
2.  A => SSIM (I,J) =0 and SSIM (J,I) = 1  
3.  X => SSIM (I,J) =1 and SSIM (J,I) = 1  
4.  O => SSIM (I,J) =0 and SSIM (J,I) = 0 
 
 

 
Figure 3.  Final Reachability Matrix 

 

Step 5: Once the final reach ability matrix is formed, 

conical matrix is derived (Figure 4.). Then the driver power 

and dependence power is calculated. Driver power is 

calculated by counting the number of ones in rows while the 

dependence power is calculated by counting the number on 

ones in the column. Further driver and dependence ranks are 

assigned. The factor with the maximum driver value is 

ranked as I and that with the lower values are given 

corresponding ranks. Similarly the ranks are allocated to the 

dependence factors. 

 

 
Figure 4. Conical Matrix 

 

Then partition final reach ability matrix into different 

levels through repetitive iterations (shown in Figure 5.). 
 

 
Figure 5. Identified Levels 

 

Step 6: With the help of conical matrix formed in step 5 a 

directed graph is drawn (Figure 6.) showing the relationship 

between various factors. A directed graph also known as 

digraph is a graphical representation in which nodes are 

arranged according to their levels and directed links are 

drawn between them to show the relationship among the 

nodes. Each 

node is now replaced with the corresponding factors to form 

ISM. 

 
                                 Figure 6. Diagraph 

 

Step 7: Finally after ISM is build, MICMAC analysis is 

done. MICMAC analysis is mainly used for the analysis  of  

driving  and  dependence  powers  of  the  factors  under  

consideration. Based on the driving power and dependence 

power identified in conical matrix the factors are divided into 

four groups (Figure 7.) mentioned below: 

 

1.  Autonomous  Parameters:  These  are  the  parameters  

having  weak  driver  power  and  weak dependence power.  

That means the factors which are grouped in this category do 

not have much influence on the system. 

2.  Dependent Parameters: The parameters belong to this 

category have weak driver power but strong dependence 

power. That means the factors under this category will be 

strongly dependent on other parameters. 

3.  Linkage Parameters: These are the parameters having 

strong driver power as well as strong dependence power. 

That means the factors are strongly related with other factors. 

4.  Independent Parameters: These parameters have weak 

dependence power but a strong driver power. That is these 

factors are independent factors as they drive other factors and 

are least dependent over other factors. 
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         Figure 7. MICMAC Analysis 

 

 The above grouping is analogous to that done by [26] 

Similar to conical matrix which shows the driving power and 

dependence power of each parameter, we obtained these 

powers for each of the factors. By using the values of driver 

power and dependence power, a diagram is prepared as 

shown in Figure 7.  

This diagram is  divided into  four  quadrants  namely 

"autonomous  parameters", "dependent  parameters",  

"linkage  parameters"  and  "independent  parameters".  

Based on the conical matrix, we place the factor in one of the 

quadrant. All the parameters are placed in quadrants 

according to their driving and dependence power. 

IV. CONCLUSION AND FUTURE SCOPE 

 In  this  present  research  study,  the  interrelationships  

and  dependencies  between  various  factors  responsible for 

flood conditioning were identified. The data was gathered 

with the help of experts (Delphi method) and extensive 

literature survey done. Interpretive Structural Modeling 

(ISM) was applied to model relationship among the factors. 

Thereafter MICMAC analysis is applied to group the factors 

into different levels. Out of 11 considered factors five factors 

were grouped as Autonomous. This shows that most of the 

factors taken do not have a significant effect on other factors. 

One factor was found to be dependence parameter. Four 

factors are independent factors having no dependence. From 

the factors considered only one of the factors was grouped in 

linkage parameters. The present research not only ascertains 

the hidden inter relationships among considered factors but it 

also specifies the dominant factor having greater driving 

power through their hierarchical dependence. This 

relationship would indeed be helpful in finding better flood 

risk reduction solutions. The most important driver powers 

factors can be concentrated more and can be given more 

weight age while designing risk reduction strategies. Thus 

many drastic losses can be averted. 

As a future scope of this work more factors can be added to 

it as there are many other flood conditioning factors. 

Moreover this technique can also be implemented on 

multiple risk factors there by finding relationship among 

them. Also as an improvement to the current work we could 

even use ISM and fuzzy MICMAC technique [8]. Fuzzy logic 

deals with imprecision and the data available regarding 

floods and similar other natural disasters are imprecise in 

nature. Thus by using fuzzy logic the precision level of the 

research can be increased. Thus the performance of the above 

technology can be increased. 
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