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ABSTRACT 

In this paper, we examine the sustainability of fisheries system in Yoron Island, Kagoshima Prefecture, 
Japan using participatory flag modeling approach. The main purpose of flag model is to analyze whether 
one or more policy alternatives can be classified as acceptable or not in the light of an a priori set of 
constraints. The model does so by comparing impact values with a set of reference values called critical 
threshold value (CTV). The flag model has been designed to assess the degree to which completing 
alternatives fulfill predefined standards or normative statements in an evaluation process as in 
sustainability field. Results indicate that according the value perceived by the local stakeholders, the most 
sustainable policy scenario for the fisheries development in Yoron Island is that of conservative scenario. 
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Introduction 
 

Sustainability assessment in multi scales such as local, regional, national and global systems, not 
just in fisheries, but in all aspects of natural and human systems, indeed has been emerged in a vast 
literature especially under the emerging inter-discipline science of ecological economics (Constanza, 
1997; Charles, 2001).  Despite this abundance of discussion on how sustainability can be measured, it is 
very little has been applied to fishery systems, or even related to coastal and watershed systems (Charles, 
1997; Charles, 2001).   

According to Charles (2001), the idea of sustainability assessment is to evaluate, both qualitatively 
and quantitatively the nature and extent of sustainability in a given resource system.  This might focus on 
a present day system or a proposed future activity.  In the case evaluating a current situation, it would be a 
form of “status report”, for example involving the assessment of ecological and human carrying capacity.  
In the other hand, predicting a priori the consequences of a proposed activity, such as a new coastal 
fishery or proposed fishery management approach, in terms of enhancing or reducing sustainability; this 
builds on analogous approaches in environmental impact assessment, evaluating the impact of proposed 
human activities (Charles, 2001). 

Moreover, Charles (1998) mentioned that there are four steps in approaching sustainability of 
fishery system namely (1) deciding on a set of relevant sustainability components for the fishery system, 
which together reflect to overall idea of fishery sustainability; (2) developing concrete set of a criteria that 
must be evaluated in assessing each component of sustainability (a sustainability checklist). In this 
regards, Nijkamp and Ouwesloot (1998) mention that a set of criteria could be formed in terms of Critical 
Threshold Values (CTVs) which are interpreted as a normative form of reference (criteria) in a multiple 
criteria modeling context; (3) determining a corresponding set of quantifiable sustainability indicators, 
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reflecting the measurable status of each of the criteria, and allowing comparisons between criteria; (4) 
formulating suitable means to aggregate the indicators into indices of sustainability, perhaps one for each 
component of sustainability or to otherwise facilitate comparison across indicators, recognizing that 
comparisons of fundamentally non-commensurable indicators should be left to policy makers s a 
“political” task.  

Fishery system in Yoron Island has been developing for long time especially since the 
establishment of the Amami Islands Development Acts which has been playing an important role as the 
basic rule for developing small and remote islands in Amami region including Yoron Island.  As the 
results, fishery sector could be said as the important sector for Yoron Island economy (Adrianto and 
Matsuda, 2002; Adrianto and Matsuda, 2003).In this regards, it could be a challenge to assess the 
behavior of the system (i.e. fishery) in respect to its sustainability for the case of a local open region such 
Yoron Island.  The results of this assessment therefore could be used as an input for local policy regards 
to the future of fishery system in the island. 

 
Methodological Issues  
 
 In this study, we use flag model to analyzing sustainability of fishery system in Yoron Island.  
This evaluation method is chosen mainly because that it is flexible for the case of not all data could be 
monetary termed.  One of major merits of the flag model is its potential for representation.  There are 
three approaches to such a representation namely a qualitative, a quantitative, and a hybrid approach 
(Nijkamp, 1999).  The qualitative approach only takes into account the colors of the flags.  This entails 
flag counts and cross-tabulation.  This approach merely displays in various insightful ways the results 
obtained from the evaluation.  The quantitative approach defines the values of the standards that may be 
acceptable or not (Vreeker, et.al., 2002).  

Theoretically, the main purpose of flag model is to analyze whether one or more policy 
alternatives can be classified as acceptable or not in the light of an a priori set of constraints. The model 
does so by comparing impact values with a set of reference values called critical threshold value (CTV).  
The flag model has been designed to assess the degree to which completing alternatives fulfill predefined 
standards or normative statements in an evaluation process (Vreeker, et.al, 2002).   
 The input for the flag model is formed by impact matrix (structured information table) containing 
multi-dimensional information on a set of policy-relevant variables.  This matrix contains the values that 
the indicators assume for each alternative considered.  Therefore, the methodology requires the 
identification and definition of relevant indicators, which are suitable for further empirical treatment in 
the evaluation process (Vreeker, et.al, 2002). 
 
 
 
 
 
 



IIFET 2004 Japan Proceedings 

 3

In this study, the sustainability is approached from the concept that refers to a threshold value 
which can not be exceeded without causing unacceptably high damage and risk to the indicators.  Clearly, 
for each indicator, a CTV has to be specified, so that the entire set of CTV’s may act as a reference 
system for judging actual states or future outcomes of scenarios.  If certain a certain indicator has a cost 
meaning namely the lower the better, then its corresponding value means that a higher level than CTV 
means a dangerous or threatening development which in a strict sense unacceptable. An outcome of the 
sustainability indicators that is lower than the CTV is in principle desirable and more sustainable.  The 
reverse reasoning (for the case of benefit indicators, the higher the better) also could be applied (Nijkamp 
and Ouwersloot, 1998).  This flag model is visually appealing way to confront decision makers with 
environmental state of affairs in a certain area.  The decision would be taken as the number of flags and 
their corresponding colors. The analysis would be made based on each ecological, economic, community 
and policy factors as well as on whole system, i.e. fishery system.   
 
Results and Discussions 
 

Design of policy scenarios 
 

As stated by Nijkamp and Vreeker (2001), key issues in applying concept of sustainability to a 
particular area are the organization of production and consumption (socio-economic system), the quantity 
and quality of environmental functions (environment system), and the interaction between those two 
system both in the short and long term.  In the case of fishery system, the interaction between socio-
economic and environmental or ecology system has been widely acknowledged (for example Charles, 
2001).  Furthermore, it was also said that an application of the sustainability concept will lead to 
difference analytical problem depending on location-specific circumstances (Nijkamp and Vreeker, 
2000). In this regards, policy scenarios set up for a particular area for sustainability assessment would be 
naturally different among regions and sectors. 

In this study, we use three policy scenarios which represent the potential behavior of fishery 
system in Yoron Island and will used them in sustainability assessment of fishery system in this island.  
These scenarios are made based on rational perspective of development scenarios, i.e. business as usual, 
optimistic and conservative (see Table 1). 
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Table 1. Scenarios of Fishery Development Used in Sustainability Assessment 
No Scenario Content  
1 Business as 

Usual 
In this scenario, current ongoing policy is chosen meaning 
that there is no change in policy related to fisheries 
development.  This policy takes for granted a continuation 
of current trend based on current conditions of fishery 
system in Yoron Island as it is including fishing efforts 
cateris paribus.  

   
2 Optimistic In this scenario, due to an intensive subsidies policy given 

by the government, a new policy is employed which by 
increasing the capacity of fisheries (number of fishermen 
and fishing vessels) of about 30 % from current condition. 
In this regards, total number of fishers are being 90 and 
number of fishing vessels would be 307 units. This policy 
is assumed including subsidy for new entrants of fishery. 
The other variables are cateris paribus 

   
3 Conservative  In this scenario, in order to protect the fishery resources 

and marine environments, a new policy on reducing the 
present capacity of fisheries in Yoron Island is employed. 
The reduction is presumed to be 30 % from current effort 
both of number of fishermen and fishing vessel.  Number 
fishermen would be decreasing into 48 and number of 
fishing vessel would be 165 units. This policy also 
includes a subsidy system to the leaving fishers from the 
industry. The others are cateris paribus. 

 
Identification of measurable sustainability indicators 

 
In this study, we used 17 different indicators of fishery sustainability.  With the help of four 

subsystems mentioned above, measurable sustainability indicators can be subdivided into four sub-groups 
namely ecological indicators, economic indicators, community indicators and policy indicators. In this 
study, the expected value of the indicators is assessed on the basis of the likely influence of scenario on 
these indicators.  In purely qualitative sense, two binary possibilities concerning the variables can be used 
in this study as representative of benefit and cost indicators.  A minus sign (−) is used when an increase in 
the value of the indicator has negative effect on the system (cost indicators) and plus sign (+) is used 
when an increase of the value affect the system positively (benefit indicator).   
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Estimation of policy scenario impact matrix 
 

In this part, estimation of the impact of policy scenarios on the sustainability indicators is 
presented by means the impact matrix.  Using empirical survey on the effect of policy scenarios on the 
sustainability indicators with involvement of local fishery stakeholders, the impact matrix on fishery 
sustainability system could be developed (Table 2).  

From Table 2, we can see that in the case of Business As Usual Scenario (Scenario I), the effect 
of this scenario is expected mostly negative in the whole of system. In ecological subsystem, this scenario 
affect positively on exploitation rate (number of effort), but it is only expected to be no changes in the 
present condition.  However, this scenario has negative impacts on fishing pressure indicator (moderate 
strong), fish protected area (no impact), and human activities indicator (strong).  In the economic 
subsystem, the scenario of business as usual is expected to have negative impact on all of economic 
indicators ranged from equal-moderate impact (fisheries contribution to local economy indicator) to 
strong impact on volume of catch and value of catch.  In the community subsystem, a positive equal 
impact is expected for the fisheries management regime indicator but in the other hand this scenario is 
also expected to have negative impact on fishing demography, succession rate, household income and 
security level indicators. Finally, in the policy subsystem, fisheries conservation policy and succession 
policy indicators have been expected to be negatively changed within the scenario.  
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Table 2. Compilation of Impact Matrix of Policy Scenarios*) 

Code Indicator Business as Usual 
Scenario 

Optimistic 
Scenario 

Conservative 
Scenario 

A. Ecological Subsystem 
a.1 Fishing pressure -4 -1 +1 
a.2 Exploitation rate +1 +2 -0 
a.3 Fishing ground -1 +1 +1 
a.4 Human Impact -5 -4 +2 
      
B.  Economic subsystem 
b.5 Volume of catch -5 -2 +0 
b.6 Value of catch -5 -2 +0 
b.7 Income from fishing -4 -1 +1 
b.8 Fisheries contribution -2 +1 -0 
b.9 Fishing employment -3 -0 -2 
     
C.  Community subsystem 
c.10 Fishing demography -2 +2 -2 
c.11 Succession rate -1 +3 -2 
c.12 Fishing management regime +0 +0 +2 
c.13 Household income -3 +1 +0 
c.14 Security level -2 +2 +2 
 
D.  Policy subsystem 
      
d.15 Fishery resources 

conservation 
-3 -2 +1 

d.16 Succession policy -2 +3 -2 
Note : 
*) calculated from interviews results 
 
 Slightly different with the previous scenario, in the Optimistic Scenario (Scenario II), positive 
impacts are expected on exploitation rate and fish protected area indicator, and negatively for fishing 
pressure and human activities impact on the resources.  It seems to be rationale where in this scenario, an 
increasing on the number of vessels and fishers as well as subsidies is assumed so that exploitation rate 
will increase.  In the same time, however, the increasing on fishing efforts will be assumed to have 
negative impact on the resources, so that the indicator of human activities impact will be negatively 
affected by this scenario.  In the economic subsystem, due to the potentially negative impact on the 
resources, implementation of this scenario would have negative impacts on the indicators of volume of 
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catch, value of catch, income from fishing as well as fishing employment.  However, for the case of 
fisheries contribution indicator, this scenario is still expected to have a positive impact.  Surprisingly, 
local experts valued a positive trend of this scenario on all of community subsystem indicator.  It ranges 
between equal impact (no-changes) to the strong impact.  This valuation seems to be rational since that 
increasing efforts both in the number of vessels and fishers may directly increase the fishing demography, 
succession rate, as well as household income. In the policy indicators, the increasing of efforts may affect 
negatively on the conservation policy indicator but in the reverse side it may affect positively on the 
succession policy.  
 The last scenario, the conservative development policy (Scenario III), has different expected 
impact on the sustainability indicators as whole.  As could be seen in Table 2, in the ecological subsystem 
most of indicators are positively affected by this scenario. The same condition is also obtained in the 
economic and community indicators where three of five indicators are positively affected by the 
conservative scenario. In the case of economic subsystem, positive impacts are expected on the indicator 
of volume of catch, value of catch and income from fishing. All of these indicators, however, are 
expected to have equal importance of impact (no-changes). In the case of community indicators, the 
positive impacts are potentially expected on the indicator of fishing management regime, household 
income and security level.  In the policy indicators, as expected, this conservative development policy is 
expected to have positive impact on fisheries conservation policy indicators but not for the succession 
policy indicator (negative impact).  The extent to which these three scenarios meet their pre-defined 
CTVs and hence to which extent they meet the conditions for sustainability will be discussed in the 
following section. 

 
Specification of Critical Threshold Values (CTVs) 

 
 As previously described in the methodology section, the next step of analysis would be to specify 
the CTVs as the input for sustainability assessment of fishery system in Yoron Island.  According 
Nijkamp and Ouwersloot (1998). The major problem faced in practice is that CTV level is not always 
unambiguous in particular given its normative character.  CTVs may be cast with severe uncertainty even 
in the opinion of one decision maker.  Alternatively, in certain areas and under circumstances different 
experts and decision-makers may have different views on the precise level of an acceptable CTV 
(Nijkamp and Ouwersloot, 1998). To solve this uncertainty problem, Nijkamp and Ouwersloot (1999) 
introduce a bandwidth for corresponding value of the CTV, defined by some CTVmin and CTVmax as 
previously described in the methodology section.  In the case of CTVmin is interpreted as the threshold of 
the indicator, all experts agree that the indicator values below this CTV imply a sustainable development 
(Nikamp and Ouwersloot, 1998).  
 In this study, we adopt the approach proposed by Nijkamp and Vreeker (2001) in specifying the 
CTVs for sustainability assessment of the regions of Thailand.  We use three auxiliary values of CTVmin, 
CTV, and CTVmax which are constructed to overcome the empirical problem of sustainability assessment 
of fishery system in Yoron Island. Although the values within these auxiliaries are not clearly specified, 
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they are useful in the evaluation of the effects of the development scenarios on the sustainability 
indicators (Nijkamp and Vreeker, 2001).  
 In this case, we use a bandwidth of CTVs which ranges from the weak sustainability vision 
(CTVmin) to the strong sustainability vision (CTVmax). CTVmin is defined as non-negative impacts on the 
sustainability indicators and sustainability is thus achieved when the effect of the policy scenario has a (+-
) sign or in our case is referred to “equal importance impact” on the sustainability indicators.  The 
bandwidth of CTVs we used in this study is presented in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note : (+) refers to benefit indicators; (-) refers to cost indicators 
 
Figure 1. Bandwith of CTV used in the sustainability assessment (Adopted from Nijkampa and Vreeker, 

2001) 
 

Evaluation of sustainability policy scenarios of fishery system 
 
 By means of the flag model, the outcomes of sustainability indicators are compared to the 
bandwidth of CTVs in order to evaluate the sustainability of policy scenarios of fishery system in Yoron 
Island.  In this evaluation, a qualitative approach is used by means of the flag colors (see Figure 2).   
 
 
 

CTV min CTV maxCTV

green yellow red black
> (+-) > (+) > (++)

< (+-) < (-) < (--)
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Figure 2.  Sustainability comparison between scenarios 
 
 
Policy Reflections 
 
The aim of this study is to offer decision makers a methodology and a set of technique called flag 
modeling in order to analyze the acceptability and priority of choice possibilities in the case of qualitative 
value of data.  In this case, an analysis on sustainability assessment of fishery system in Yoron Island has 
been done using such techniques.  From the results, we have found that from three possible development 
scenarios of fishery system in the island, the scenario of conservative development i.e. reducing the 
number of vessels, fishers as well as subsidies seems to be the most acceptable/sustainable development 
policy for the Yoron Island.  Surprisingly, from the results we also have found that according to the 
analysis on the local experts values on the scenarios, they seems not happy with the current policy as 
reflected in the Business as Usual scenario, i.e. there is no changes in the fishery intensity at the present 
time.  It also has been revealed actually from the indepth interview with one of the local experts that 
current condition of fishery system in the island can be said as only catching the fish with very few 
considerable decisions for the future of fishery itself (Kisaku, 2003; personal communication).   As he 

0
1
2
3
4
5
6
7
8
9

number of flags

Business as
Usual

Optimistic Conservative

scenario

Green

Yellow

Red

Black



IIFET 2004 Japan Proceedings 

 10

said that by this current condition, the future of fishery in Yoron Island would be in question if there are 
no supportable policies related to this sector.  This condition is actually reflected from the recent 
condition of fishery business in Yoron Island that compared with the 2001 fiscal years, the total 
production and values in the 2002 fiscal year have been decreased (Yoron FCA, 2002). 

From the actual condition and also regards to the results of this study, it could be suggested to 
apply the conservative policy scenario with some more detailed evaluation on it.  As previously 
presented, this policy scenario seems to be the most sustainable in terms of its comparison with other 
policy scenarios.  However, as could be seen in Figure 2, the conservative scenario has degree liabilities 
i.e. that it has potential yellow alerts on the community subsystem indicators.  In practical terms, the 
implementation of conservative scenarios only could be done if it also considers the community aspects 
of the fishery.   

REFERENCES 

Adrianto. L. and Y. Matsuda.  2002. Developing Economic Vulnerability Indices of Environmental 
Disasters in Small Island Regions. Environmental Impact Assessment Review (22) : 393-414 

 
Adrianto. L, and Y. Matsuda. 2003. A Comparative Analysis on the Role of Fisheries Producers 

in Small Island Regions : The Case of Amami Islands, Kagoshima Prefecture, Japan. 
Journal of Regional Fisheries  (2) : 29-43.  

 
Alder, J., Lugten, G., Kay, R. and Ferriss, B. 2000. Compliance with International Fisheries Instruments 

in Pitcher, T.J., Sumaila, U.R., and Pauly, D. (eds). Fisheries Impacts on North Atlantic 
Ecosystems. Evaluations and Policy Exploration. Fisheries Centre Research Reports 9 (5), 94 
pp.  

 
Bailey, C. 1994. Employment, Labor Productivity, and Income in Small-Scale Fisheries of South and 

Southeast Asia. In : Socioeconomics Issues in Coastal Fisheries Management. RAPA 
Publication. Indo-Pacific Fishery Commission. Bangkok, Thailand. 

 
Charles, A.T. 2001. Sustainable Fisheries System. Blackwell Sciences, London, UK. 
 
Charles, A.T.  1998. Living With Uncertainty in Fisheries : Analytical Methods, Management Priorities 

and the Canadian Groundfishery Experience.  Fisheries Research (37),  37-50. 
 
Charles, A.T. 1994. Toward Sustainability : The Fishery Experience. Ecological Economics  (11) : 201-

211. 
 
Chesson, J., H. Clayton and B. Whitworth. 1999. Evaluation of Fisheries Management System Respect to 

Sustainable Development. ICES Journal of Marine Sciences (56) : 980-984. 



IIFET 2004 Japan Proceedings 

 11

 
Cochrane, K.L. 2000. Reconciling Sustainability, Economic Efficiency and Equity in Fisheries : The One 

That Got Away ? Fish and Fisheries, (1) : 3-21. 
 
Constanza, R. et.al. 1997. An Introduction to Ecological Economics. St. Lucie Press, Florida, USA 
 
FAO. 1994. Review of the State of World Marine Fishery Resources. FAO Fisheries Technical Paper 

335, 136 pp.  
 
Garcia, S.M, D.J. Staples, and J. Chesson. 2000. The FAO Guidelines for the Development and Use of 

Indicators for Sustainable Development of Marine Capture Fisheries and An Australian 
Example of Their Application.  Ocean and Coastal Management, (43) : 537-556.  

 
Garcia, S.M. and Newton, C. 1997. Current Situation, Trends and Prospects in World Capture Fisheries. 

In : Pikitch, E.K., D.D. Huppert, and M.P. Sissenwine (Eds). Global Trends : Fisheries 
Management. Proceedings of the American Fisheries Society Symposium 14-16 June, 1994.   

 
Mendoza, G.A. and P. Macoun.  2000. Guidelines for Applying Multi-Criteria Analysis to the 

Assessment of Criteria and Indicators.  CIFOR. Bogor, Indonesia, 54 pp. 
 
Mendoza, G.A. and R. 2002.. Prabhu. Qualitative  Multi-Criteria Approaches to Assessing Indicators of 

Sustainable Forest Resources Managemet. Forest Ecology and Management. . 
 
Nijkamp, P and Vreeker, R. 2000. Sustainability Assessment of Development Scenarios : Methodology 

and Application to Thailand. Ecological Economics, 33, 7-27.  
 
Nijkamp, P and H. Ouwersloot. 1998. Multidimensional Sustainability Analysis : the Flag Model. In : 

Van den Bergh, J and Marjan W. Hofkes (eds). Theory and Implementation of Economic 
Models for Sustainable Development. 

 
Pitcher, T.J. and David Preikshot.  2001. RAPFISH : A Rapid Appraisal Technique to Evaluate the 

Sustainability Status of Fisheries. Fisheries Research  (49) : 255-270. 
 
Pitcher, T.J. 1999. Rapfish ; A Rapid Appraisal Technique for Fisheries and Its Application to The Code 

of Conduct for Responsible Fisheries. FAO Fisheries Circular No. 947. 49 pp.  
 
Parkins, J.R., Richard C. Stedman and J. Varghese. 2001. Moving Towards Local-Level Indicators of 

Sustainability of Forest-Based Communities : A Mixed-Method Approach.  Social Indicators 
Research  (56) :  43-72. 

 



IIFET 2004 Japan Proceedings 

 12

Prabhu, R. et.al. 1996. Testing Criteria and Indicators for the Sustainable Management of Forests. CIFOR 
Special Publications.  

 
Vreeker, R, Peter Nijkamp, and Chirs Ter Welle. 2002 A Multicriteria Decision Support Methodology for 

Evaluating Airport Expansion Plans. Transportation Research. Part D  (7) : 27-47. 


