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Abstract 

Mangrove is a coastal ecosystem that is vulnerable when it is exposed to oil spills. Cleaning up oil spills in 

mangrove ecosystems is very difficult and highly costly. Ecological sensitivity index (ESI) of mangrove 

ecosystem is an alternative tool to control oil spill by protecting highly sensitive areas from oil spill.  One of the 

problems found in the development of ecological sensitivity index (ESI) of mangrove ecosystem is large 

numbers of variables of ecological sensitivity.  Screening methods of variables can reduce the numbers of 

variables and result in the key variables of ecological sensitivity index (ESI) of mangrove ecosystems to oil 

spill.   
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The variables screening includes four steps (selecting variables, screening variables, clustering variables, and 

reducing variables), and six methods to analyze variables (literature study, expert survey, correlation analysis, 

variable grouping, PCA, and BEST analysis). 

Keywords: screening of variables; ecological sensitivity index (ESI); mangrove ecosystems; oil spill. 

1. Introduction  

Mangrove is a coastal ecosystem that is vulnerable when it is exposed to oil spills. Oil spill can cause death to 

mangrove and aquatic biota that live in mangrove habitat. The damage of mangrove ecosystem means the 

destruction of habitat and all the ecological functions and life support systems that exist in the mangrove areas 

[1]. 

Cleaning up oilspill in mangrove ecosystems is very difficult. The difficulty of eliminating oil spill in the 

mangrove ecosystem is caused by the facts that: (a) mangrove ecosystems are difficult to access [2] Hoff, 2002), 

(b) mud substrate makes oil trapped in mangrove ecosystem and this trapped oil is difficult to clean [3,4], (c) 

dispersants increase the toxicity to the biota that live in the mangrove and coastal communities around 

mangrove areas  [5,6], and (d ) cleaning up the oil on the beach is highly costly [3]. 

The difficulty in handling oil spill in mangrove ecosystem indicated the importance of efforts to avoid oil spills 

from entering into mangrove ecosystem. The preventive efforts can be done through detection sensitivity level 

of each mangrove zone to the oil spill so that the sensitivity zones are given priority to protected from oil spills. 

The tool that can be used to evaluate the sensitivity zone of mangrove ecosystem is the ecological sensitivity 

index (ESI) of mangrove ecosystems to oil spills. The application of mangrove ecosystems ESI will not only 

give positif effects on ecological value of coastal area, but it also brings benefits to the economic value of 

coastal area.  Ecologically, mangrove ecosystem has a functional relationship with other coastal ecosystems, 

such as seagrass, coral reefs, estuaries, and marine ecosystems, thus the protecting mangrove ecosystem from oil 

spills will guarantee the sustainability of other coastal ecosystems. Mangrove ecosystem also holds the 

economic and social functions that are important to coastal human communities, such as the economic value of 

timber, the economic value of fauna, protected settlement from waves and tsunamis, and other functions; thus 

avoiding mangrove ecosystem from oil spill will also support the well-being of coastal human communities. 

One of the problems found in building the ecological sensitivity index (ESI) of mangrove ecosystems to oil 

spills is a large number of variables. Review of literatures has resulted in 26 variables determining the 

environmental sensitivity index (ESI) of mangrove ecosystems to oil spills (Table 1).  Large number of variables 

is not practical because it needs long research, it needs very expensive research cost, it potentially creates 

overlaping between variables, and it makes it difficult to make decision. The best index has simple variables [7]. 

Screening of variables is an alternative method to simplify variables of ecological sensitivity index (ESI) of 

mangrove ecosystems to oil spills. This paper intends to provide an overview of variables ecological sensitivity 

of mangrove ecosystem to oil spills and methods to screen these variables, to obtain the small number of key 
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variables but represents the all environmental characteristics of sensitivity variables of the mangrove ecosystem. 

The Constrains of the study are development of framework for Screening of Variables. The framework 

presented is designed to be a guide for practice, and consists of a series of steps for screening variables of 

ecological sensitivity index (ESI) of mangrove ecosystems to oil spills. 

2. The Best Criteria of Variables of Mangrove Ecosystem ESI 

An oil spill would cause a disruption to the mangrove ecosystem. Heavy or light impact of oil spills depends on 

the sensitivity of the mangrove ecosystem to oil spills. Sensitive or insensitive of mangrove ecosystems to oil 

spills can be measured by an index.  Ecological sensitivity index (ESI) of mangrove ecosystems to oil spills is 

an approach that aims to describe the environmental response of mangrove ecosystems to oil spills. The 

responses are very sensitive, sensitive, moderate sensitive, low sensitive, or not sensitive to the oil spill. The 

index must be able to represent and describe correctly the mangrove ecological sensitivity to the oil spill in a 

mangrove area.  The ecosystem has complex and unpredictable characteristics [8], so the suites of index 

variables has to describe all characteristics of ecosyatem. 

The precision of an index to describe the condition of ecosystem is determined by the accuracy in selecting 

variables. The relevant variables would guarantee an accuracy of assessing the mangrove ecological sensitivity. 

The basic criteria to determine the variables of mangrove ecosystem ESI are criteria of best index variables.  

There are four criteria to determine the best variables of mangrove ecosystem ESI as follows. 

1. The variables are objective [9] 

2. The variables are measurable [10] 

3. No overlap between variables  [11]  

4. The index variables are simple but able to present the complexity of ecosystem [7] 

The first criterion of best variable is objectivity variable. The Variables that objective must be choice by 

objective reason, such as scientific reason.  The second criterion of best variable is the variables of mangrove 

ecosystem ESI must be measured. This means, all variables had the methods of measurement for data variables. 

The third criterion of best variable is the variable does not overlap with other variables. The overlaping between 

variables shows the tendency of the variables hav a correlation. The fourth criterion of best variable is the 

simple index. The simple index was formed by a small number of variable but able to present the complexity of 

the characteristics of the mangrove ecosystem sensitivity to oil spills. 

3. The Concept of Screening Variables for Developing Mangrove Ecosystem ESI 

The goal of screening variables is to get the key variables of mangrove ecosystem ESI to oil spills.  The key 

variables must be simple, consist of small number of variables but they are able to present the complexity of the 
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characteristics of the mangrove ecosystem sensitivity to oil spills. The key variables must also suit to the best 

criteria, such as objective, measurable, not overlapping, and simple, of variables of mangrove ecosystem ESI to 

oil spills.  Stages to select and screen variables are needed to develop the key variables.  The framework for 

screening variables includes some steps that are based on the best criteria of the variable of mangrove ecosystem 

ESI to the oil spills.  

To create key variables with best criteria, variables must be selected to result in objective variables, variables 

must be screened to remove overlapping variables, variables must be clustered and reduced to create simple 

variables of the index.  Therefore, there are four steps to screen variables including selecting variables, 

screening variables, clustering variables, and reducing variables.   

The method for screening must result in variables that can be scientifically justified and simple, easy to apply, 

and accurate for sensitivity mangrove ecosystem. The method should also be able to reduce number of variables 

to create simple assessment index. Moreover, to result in good key variables, screening methods, both 

qualitatively and quantitatively, are needed.   The recommended methods are study of literature, expert survey, 

grouping of variables, correlation analysis, and BEST analysis. The steps for screening variables combine the 

qualitative (study of literature and expert judgment) and quantitative methods (correlation analysis and BEST 

analysis).  Researches by combining qualitative and quantitative methods were done by [12] to analyze 

ecological vulnerability in wildlife and [11] to study group processes. 

Figure 1 describes the concept of screening variables for developing mangrove ecosystem ESI to the oil spills.  

This figure declares the steps of screening variables and combining methods to result in key variables of 

mangrove ecosystem ESI to oil spills.  Detail discussion of each step of variables screening is elaborated in the 

following section. 

 

Figure 1: The concept of screening variables for developing mangrove ecosystem ESI to oil spills 
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4. The Steps for Screening Variables of Mangrove Ecosystem ESI 

4.1 Selecting Variables  

Selecting variables is an activity to collect any variables that can be categorized as variables of mangrove ESI to 

oil spills.  Selecting variables is a step to result in true variables of mangrove ecosystem ESI to oil spills. A 

variable is considered as a true variable of mangrove ecosystem ESI to oil spills if it can be shown that the 

variable is scientifically correct to determine the mangrove ecosystem sensitivity to oil spills.  In other words, 

the variables obtained in the step of selecting variables must be objective. 

Variables of mangrove ecosystem ESI are objective if they are selected based good reasons so that they are 

relevant as variables of ecological sensitivity of mangrove ecosystem. The relevance can be seen from the 

relationship of the variables with mangrove sensitivity to oil spills. This means that the determination of 

variables must be supported by a strong scientific adjustment. Study of literature is a depth study method to gain 

a strong scientific adjustment of mangrove ecological sensitivity and oil spill effects. The object of literature 

study include text books, journals, and research papers [13]. The literature studies resulted in 26 variables that 

determine to mangrove ecosystems ESI to oil spills (Table 1). 

The objectivity of variables will be stronger when they are supported by expert judgment. Expert judgment can 

be collected through expert surveys (direct or by email). Direct expert survey is more effective than email expert 

survey.  Most questionnaires are returned when expert surveys are conducted directly, but only small number of  

them are returned in surveys done by emails.  Furthermore, expert survey by email needs high number of 

experts. 

The important factor of expert survey is expert choice.  The expert is a person who has a background knowledge 

in the research subject [30].  Knowledge and experience of experts determine the quality of judgment. The 

suitable experts of this research are the experts of mangrove, environment, oil pollution, oceanography, marine 

biology, and coastal management. The variables of mangrove ecosystem ESI (Table 1) are supported  by 10 

experts from 6 countries including Indonesia (3), USA, Brazil, Australia, New Zealand, Sri Lanka, and India (2).  

The literature study and exepert surveys result in the true variables of mangrove ecosystem ESI to oil spills as 

the methods derive all variables which are valid scientifically. The scientific validity of an index has been set as 

a condition for a good index by [10]. So, the 26 variables of mangrove ecosystem ESI are objective, scientific, 

and accurate. 

4.2  Screening Variables 

The variables resulted from the step of selecting variables are valid scientifically, but there may be any conflicts 

among variables (overlapping variables). The goal of screening variables is to remove overlapping variables. 

The overlapping between variables showed a tendency of variables to be correlated one to another. The 

correlation does imply causation [31].  
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Table 1: Variables of mangrove ecosystem ESI to oilspill 

N

o 
Variable Literature 

1 Tidal Type [6] [14]  [15]   

2 Tidal Range [5]  

3 Wave Height [5] [6] [16]  

4 Rainfall [17]  

5 The number of rainy days [17]  

6 Type of  Substrate [18]  

7 Long time waterlogging [6]  

8 Typology of mangrove  [17]  

9 Kind of mangrove flora [19]  

10 The number of mangrove flora kind [20]  

11 Conditions of mangrove ecosystems [21]  

12 Age of mangrove flora  [2] [22].[23]  

13 The density of mangrove trees [4] [6]  

14 The density of the mangrove saplings [2] [22] [23]  

15 The density of mangrove seedlings [2] [22] [23]  

16 Comparison of density of sapling and 

mangrove trees 

[2] [22] 23]  

17 The presence of  protected mangrove flora [24]  

18 The presence of invasive flora [25]  

19 Kind of mangrove fauna [3] [26] [19]  

20 Position of mangrove fauna  [19] [27] [28]  

21 Motion ability of mangrove fauna [3] [19]  

22 Age of mangrove fauna  [3]  

23 The presence of a protected mangrove fauna [24]  

24 The existence of nursery habitat [5]  

25 The existence of spawning ground [5]  

26 Protection status of mangrove ecosystems [29]  

 

The high degree of correlation of variables would give negative effects on index.   When predictor variables are 

correlated, the estimated index of one variable depends on the other predictor variables.  This would affect the 

index model.  The high degree of correlation among variables is not a good prediction of the response of the 

index model.  This means that the index does not represent actual conditions. 

The existence of overlapping between variables can be analyzed by using correlation methods. The correlation 

analysis is useful for measuring the strength of the relationship between two or more variables with a scale. The 
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strength of the relationship between variables is reflected by the correlation coefficient (r).  The correlation 

coefficient of this research refers to the Spearman's rank correlation coefficient, because the data are non 

parametrics. 

The Correlation coefficient (r) measures the strength and the direction of a linear relationship between two 

variables.  The value of r is -1 < r < +1.  If there is no linear correlation or a weak linear correlation, r is close to 

0.  A value near zero means that there is a random, nonlinear relationship between the two variables.  So, strong 

relationship is  reflected by the value of r close to -1 or 1, and weak correlation is  reflected by the value of r 

close to 0 [32].  A positive correlation coefficient indicates the extent to which those variables increase or 

decrease in parallel; a negative correlation coefficient indicates the extent to which one variable increases as the 

other decreases. 

The analysis of overlapping variables measures a correlation between variables using Spearman's rank 

correlation coefficient.  Variables with high degree correlation will be selected, one variable will be chosen as a 

variable index and the others will be removed. The process to remove independent variables causing the 

correlation must be done carefully, because it can lead to bias specification if the  removed variable is 

theoretically important. Therefore, the basis used for the selection of correlated variables (choosing or removing 

variables) is a scientific rationale based on the study of literature and expert surveys. 

In this study, 5 pairs of variabels have high degree Spearmans rank correlations. The selected correlation 

variables by rank variables (expert survey) resulted in 4 variabels being removed.  The removed variables are  

long waterlogging conditions of mangrove ecosystems,  comparison of density of seedlings, sapling and 

mangrove trees, and motion ability of mangrove fauna.  As the final result of this step, 22 variables of mangrove 

ecosystem ESI are compiled. 

4.3 Clustering Variables 

Clustering variables is a step done to group variables. In this step, variables are clustered into several groups. 

Variables can be clustered by Principal Component Analysis (PCA) or qualitatively clustered based on similar 

characteristics of variables.  Principal Component Analysis (PCA) is a statistical method that is well used to 

reduce the dimension of large variables of data cluster to get a smaller group but able to retain most of the 

information contained in the data source [33]. In the process, Principal Component Analysis, at first, looks for 

an index that shows the maximum variety of observations called the first principal component. Then PCA will 

seek second principal components that are not correlated with the first principal component. This process 

continues until the primary component obtained top, where the information can be explained less. So, the 

principal component analysis (PCA) does not reduce but groups variables. Thus, the principal component 

analysis (PCA) is more precisely used to process grouping variables into the new variables. One of the 

advantages obtained by the use of the principal component analysis (PCA) is a new group of variables which is 

not correlated (no overlapping between groups of variables). 

Variables also can be clustered in a group of variables with similar characteristics. The resulted groups must be 
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scientifically justified. Of course, the basis of clustering is a scientific rationale. Assessment of characteristics of 

variables can be done by the study of literature.  Variables with similar characteristics can be scientifically 

clustered to a group of variables.  

Table 2: Group of Variables of Mangrove Ecosystems ESI 

N

o 
Group of Variables Variables 

1 The environment of mangrove 

ecosystem 

 

 

a. Tidal Type          d. Wave Height      e. The number of rainy 

days 

b. Tidal Range        e. Rainfall               f. Type of  Substrate  

c. Long time waterlogging                     g. Typology of 

mangrove 

 

2 Characteristics of mangrove flora a. Kind of mangrove flora         c.The presence of 

invasive flora 

b. Age of mangrove flora            

3 Characteristics of mangrove 

vegetation 

a. The density of mangrove trees 

b. The density of the mangrove saplings 

c. The density of mangrove seedlings 

d. Comparison of density of seedlings, sapling and 

mangrove trees 

4 Ecological value of mangrove 

ecosystems 

a. The number of mangrove flora species     

b. Conditions of mangrove ecosystems 

c. The existence of nursery habitat 

d. The presence of spawning ground 

5 Characteristics of mangrove fauna  

and  their habitat 

a. Kind of mangrove fauna         c. Motion ability of 

mangrove fauna 

b. Position of mangrove fauna    d. Age of mangrove 

fauna 

6 Aspects of mangrove ecosystem 

protection 

a. The presence of  protected mangrove flora 

b. The presence of a protected mangrove fauna 

c. Protection status of mangrove ecosystems 
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Table 2 explains grouping variables of mangrove ESI based on similar characteristics.  The 26 variables of 

mangrove ESI (see Table 1) are grouped into 8 group of variables.  The groups of variables include external 

environment of mangrove, internal environment of mangrove, characteristics of mangrove flora, characteristics 

of mangrove vegetation, characteristics of mangrove ecosystems, characteristics of mangrove fauna, ecological 

functions of mangrove, and aspects of mangrove ecosystem protection. 

The result of step 3 (clustering variables) is the groups of variables which are in accordance with the criteria 

objective, measurable, and not overlapping. The groups of variables will be use as criteria to select combination 

of variables resulted from BEST analysis (Section 4.4). 

4.4  Reducing Variables 

In the screening variable step, 4 variables are removed and  22 variables of mangrove ecosystem ESI are 

compiled.  However, the number of variables is still high, so that it needs to be reduced to generate more simple 

variables.  Definition of simple index variables is that the index is formed by a variable but is able to present the 

complexity of sensitivity characteristics of the mangrove ecosystem to oil spills. The simplifying number of 

variables needs a process to reduce variables.  

The multivariate methods that can be used to reduce the variables is BEST (Biological - Environmental 

Stepwise) analysis. BEST analysis is chosen to reduce variables of ecosystem mangrove ESI to oil spill because: 

1. Variables of mangrove ecosystem ESI consist of biological and environmental variables and this is in 

accordance with the specification method of BEST analyses. 

2. BEST Method will directly reduce the number of variables that are still the same as the original variable 

(not a new variable combination of variable origin), so it is more practical.           

The BEST method is usually used to examine the relationship between biological variables similarity matrix and 

environmental variables. BEST analysis can also reduce the number of biological and environmental variables. 

The variables are representative if a matching coefficient ρ is minimal 0.95 [34]. 

BEST method presents several alternative combinations of variables. Several alternative combinations of the 

variables can be selected a variable combination with a little number of variables and coefficients ρ minimum of 

0.95.  The selected combination of variables is the combination that has coefficients ρ minimum of 0.95 and 

includes all groups of variabel characteristics, or  the combination that has coefficients ρ minimum of 0.95 and 

does not include all group variabels, but the result of wilcoxon test is not different from that of the combination 

all group variables (P<0.05). 

The reduced number of variables is the final step of screening variables.  The result of this step is a simple 

variable index which is objective, measurable, and not overlapping. Moreover, there are some key variables of 

mangrove ecosystem ESI to the oil spill.  In this study, the secondary data of any Indonesian mangrove surveys 

(24 resort in Indonesia) are analyzed by using BEST methods and the number of variables is reduced from 26 
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(Table 1) to 8 variables (substrate, spesies of mangrove flora, The number of mangrove species, The density of 

mangrove trees, The density of the mangrove saplings, the density of the mangrove sadlings, Position of 

mangrove fauna, and the presence of a protected mangrove fauna), Position of mangrove fauna, and they are the 

key variables of mangrove ecosystem ESI.  It is proven that the framework of screening and reducing can 

produce key variables of ecological sensitivity index (ESI) of mangrove ecosystem. 

5. Conclusion 

Screening of variables of ecological sensitivity index (ESI) of mangrove ecosystem includes four steps based on 

the criteria of the best index variable (objectivity analysis, measurable analysis, overlapping analysis and 

simplifying analysis).  The steps to screening variables to result in key variables of mangrove ecosystem ESI to 

oil spills include selecting variables, screening variables, clustering variables, and reducing variables.  The 

methods that are recommended to analysis variables are literature study, expert survey, correlation analysis, 

grouping variables, , and BEST analysis. 
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