
 

A Multicriteria Decision Making and Fuzzy-AHP 

Approach for Formulating Strategy to Develop Organic 

Agriculture in Bengkulu Province, Indonesia 

Arief Firdaus1, Teguh Adiprasetyo1,* Hery Suhartoyo1 

1Natural Resources Management Study Program of Agriculture Faculty, Bengkulu University, Bengkulu, Indonesia 
*Corresponding author. Email: teguhadi@yahoo.com 

ABSTRACT 

Strategy formulation was conducted to develop organic agriculture in Bengkulu Province.  This research used 

multi-criteria decision-making tools which were analytical hierarchy process (AHP) and strength-weakness-

opportunity-threat (SWOT) analysis to generate alternative strategies.  Then, fuzzy analytical hierarchy 

process (fuzzy-AHP) was utilized to choose the best strategy for developing organic agriculture in Bengkulu 

Province.  The results identified five strength factors, 16 weakness factors, eight opportunity factors and 

seven threat factors.  The evaluation of internal and external factors led to the internal factor value of 2.26 and 

the external factor value of 2.54.  This result placed the current condition of organic agriculture in the position 

of weakness-opportunity (WO) quadrant.   The fuzzy-AHP analysis ranked the strategies, consecutively 1) 

strategy of developing an export-oriented competitive organic product, 2) supporting the production and 

marketing of organic products, and 3) developing community supported organic agriculture. 
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1. INTRODUCTION 

Agriculture is a major source of livelihood in 

Indonesia.  Agriculture sector contributes the Indonesian 

national economy accounting for 14.4% of the gross 

domestic product involving 34.4% of total employment.  

The productivity of food crops is increasing year after year 

[1].  The use of chemical inputs in agriculture practice has 

generated growth in productivity.   However, this method 

also creates a heavy dependence of farmers on chemical 

fertilizers and pesticides.   This intensive production 

farming system also triggers natural resource degradation.  

The dependence of conventional farming on chemical 

inputs has negative impacts on the environment and 

human health [2], [3].   The effects of conventional 

farming on the environment, such as eutrophication, 

decreasing soil biodiversity and biological fertility, in turn, 

may impede agricultural productivity itself [2].  The strong 

evidence of diminishing returns on harvested agricultural 

products is factual, despite the increases of chemical 

fertilizers and pesticides applied [4].  These pieces of 

evidence are lessening confidence that these high input 

technologies will deliver national food security in the next 

decades sustainably.  Because of these problems, 

alternative technological approaches of farming practices, 

such as organic farming are being promoted.   It is 

understood that organic farming has the capability to take 

care of the problems caused by conventional agriculture.  

Along with the benefits of organic farming has on the 

environment and quality of food, it also greatly helps 

farmers to become self-sufficient in requiring for 

agricultural inputs and reduce costs [5].   

According to [6] and [7], organic agriculture is 

defined as an approach toward sustainable agricultural 

production system by applying integrated, socially 

accepted, environmentally sound and economically 

feasible farming practice.   Organic production 

management system avoids the use of synthetic fertilizers, 

pesticides, and genetically modified organisms.  The 

objective of organic agriculture is basically to protect the 

long-term soil fertility by maintaining soil organic matter 

content, encouraging soil biological activity and careful 

mechanical intervention.  Organic farming enhances 

biodiversity, biological cycles, and microbial activities and 

thus will develop healthy agroecosystem.     

Reference [8] defines organic agriculture as a 

farming method based on the principles of health, ecology, 

fairness, and care.  Organic farming can play a significant 

role towards sustainable utilization of resources in food 

production with less pollution and contributes to food 

availability [9].   According to [10], organic farming also 

supports sustainable food security in term of food 

availability, food access, stability, and utilization.  

Reference [11] also notes that organic agriculture can 

generate significant benefits including economic potential.   

Economic potential generated from organic farming 

derives from using local resources, avoiding the use of 

chemicals to raise yields and increasing income from a 
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premium price of organic products.  This economic benefit 

of organic farming eventually may improve livelihoods of 

farmers [12].   

Although several studies indicate that organic 

farming is more profitable than conventional farming in 

the long term, in reality, the conversion of conventional 

farming to organic farming progress slowly.  In Indonesia, 

total certified organic area in 2014 was 68,605 hectares 

[13] that are only 0.3% of total agricultural areas.  

Therefore, there is a lot of opportunities and challenges in 

developing organic agriculture in Indonesia. However, 

some technical, economic and social constraints may 

hamper for developing organic farming [14]. Reference 

[15] indicates several barriers to organic farming 

development, among other productivity, standardization, 

and certification, production technology, market and other 

aspects.  Efforts have to consider all of the potentials, 

barriers, and opportunities for advancing the endeavours to 

develop organic agriculture efficiently.  Based on the 

leverage factors of potentials, barriers, and opportunities in 

developing organic farming, some alternative strategies 

can be formulated and selected.  Formulation and selection 

of alternative strategies are a problem of decision making 

or optimization since it involves value or economic 

judgments, trade offs, and decisions [16].  Decision 

making in strategy formulation is challenging tasks since 

sometimes decision situation is complex, strategic, 

dynamic, and having long term effects.  Then, in this kind 

of situation, multi-criteria decision making can be applied 

to formulate a strategy [17].  According to [18], 

multicriteria decision making will generate a sound and 

logic decision that can manage trade off effectively.  This 

study is intended to identify factors influencing organic 

agriculture development, formulate alternative strategies 

and select the best strategy by employing multi-criteria 

decision making for developing organic farming in 

Bengkulu Province. 

2. METHODS 

Data collection were performed through a 

questionnaire and in-depth interview for expert knowledge 

acquisition.  Respondents of this study were 27 experts 

consisting of 7 academicians, 13 provincial and regency 

government officers, and seven organic farmers. The 

expert survey was employed as the realization of 

knowledge acquisition process of the expert respondents 

[19].  

Stages of this study were comprised of:  

a) Identifying factors influencing the development of 

organic agriculture through a questionnaire, 

b) Weighing factors using analytical hierarchy process 

(AHP) [20] through a questionnaire, 

c) Rating factors and constructing internal-external 

matrix for determining the position of current 

condition of organic agriculture, 

d) Developing alternative strategies using Strength, 

Weakness, Opportunity, and Threat (SWOT) analysis 

[21], 

e) Ranking and choosing the best strategy utilizing 

fuzzy analytical hierarchy process [22]. 

Identifying factors influencing the development of 

organic agriculture was performed through a questionnaire 

and interviewing the experts.  The candidate factors were 

differentiated into internal and external categories.  Expert 

assessed the candidate factors and assigned the level of 

agreement for each candidate factors through a 

questionnaire. Based on the expert appraisal, factors that 

most experts agreed were selected as internal and external 

factors influencing the organic agriculture development. 

The selected internal and external factors were 

weighted using AHP.  Analytical Hierarchy Process was 

performed by pair comparison of each internal and 

external factor and assigned a value based on Saaty 

comparison scale, as shown in Table 1.  Weight was based 

on response value of the experts and calculated through 

matrix manipulation.  Detail steps of implementing AHP 

can be referred to [20] and [17]. 

 

Table 1   Saaty comparison scale 

Value Explanation 

1 factor A and B are equally important  

3 factor A is a bit more important than factor 

B 

5 factor A is strongly more important than 

factor B 

7 factor A is very strongly more important 

than factor B 

9 factor A is absolutely more important than 

factor B 

2,4, 6, 

8 

If in doubt between two adjacent values  

 

Internal and external matrix was constructed based 

on selected factors, weight and score of factors.  Each of 

selected internal and external factors were rated based on 

the influence level of a factor on organic agriculture 

development.  The final score of a factor was weight times 

rating of a factor.  The total score of internal factors and 

external factors determined the position of the current 

condition of organic agriculture.  The place of the current 

state can be in quadrant I (Strength-Opportunity), quadrant 

II (Strength-Threat), quadrant III (Weakness-Opportunity), 

or quadrant IV (Weakness-Threat).  Alternative strategies 

were developed using SWOT analysis. The detail of 

strategy development based on SWOT analysis can be 

referred to [21].    

Fuzzy analytical hierarchy process (fuzzy AHP) 

was employed to rank and select the best alternative 

strategies.  Fuzzy pair comparison was used to judge 

alternative strategies based on the methods, steps, and 

calculation developed by [22] with equivalence of 

linguistic variable to triangular fuzzy number as shown in 

Table 2.  Pair comparison was performed using assessment 

scale of linguistic expression, as follows: 
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a) Just equal (JE) if both elements compared were just 

equally important, 

b) Equally important (EQ) if both elements compared 

are more or less equally important, 

c) Weakly important (WI) if one element was a bit 

more important than another element, 

d) Strongly more important (SI) if one element was 

more important than another element, 

e) Very strongly more important (VS) if one element 

was more important than another element, 

f) More important (AI) if one element was definitely 

more important than other elements. 

 

Table 2 Equivalence of linguistic variable to triangular 

fuzzy number 

No Linguistic 

Variable 

TFN TFN 

Inversion 

1 Just equal (JE) (1, 1, 1) (1, 1, 1) 

2 Equally important 

(EQ) 

(1/2, 1, 3/2) (2/3, 1, 2) 

3 Weakly important 

(WI) 

(1, 3/2, 2) (1/2,  2/3, 1) 

4 Strongly more 

important (SI) 

(3/2, 2, 5/2) (2/5, 1/2, 2/3) 

5 Very strongly more 

important (VS) 

(2, 5/2, 3) (1/3, 2/5, 1/2) 

6 Absolutely more 

important  (AI) 

(5/2, 3, 7/2) (2/7, 1/3, 2/5) 

 

Expert judgments aggregation was sum up of the 

fuzzy value of all expert assessment.   Summation of 

expert assessment was completed by geometric 

averaging the fuzzy value of the expert opinion [17].  

The aggregation was done for lower bound, middle and 

upper bound of fuzzy value from each expert opinion 

based on the following formula: 

𝐿𝐵̅̅̅̅ =  √𝜋𝑖=1
𝑛   𝜒𝑏𝑏𝑖

𝑛
  

�̅� =  √𝜋𝑖=1
𝑛   𝜒𝑏𝑏𝑡

𝑛
 

𝑈𝐵̅̅ ̅̅ =  √𝜋𝑖=1
𝑛    𝜒𝑏𝑏𝑎

𝑛
 

where: 

𝐿𝐵̅̅̅̅ :  geometric average of lower bound fuzzy value 

�̅�:  geometric average of middle fuzzy value 

𝑈𝐵̅̅ ̅̅ : geometric average of upper limit fuzzy value 

𝜒𝑏𝑏𝑖: lower bound value of the ith expert judgment  

𝜒𝑏𝑡𝑖: the central value of the ith expert judgment  

𝜒𝑏𝑎𝑖: the higher value of the ith expert judgment  

𝑛: number of experts and I: the ith expert (1 to n) 

3. RESULT AND DISCUSSION 

Identification of internal and external factors came 

up with 21 internal factors and 15 external factors that 

influence the development of organic agriculture in 

Bengkulu Province.  Evaluation of the internal factors 

shows that weakness factors are more dominance than 

strength factors (Table 3).  The prominence weakness 

factors that may hinder the development of organic 

agriculture are low level of farmer understanding of 

organic farming, lack of marketing network of organic 

products, deficient of government policy to facilitate 

marketing of organic products, lack of special program to 

develop organic agriculture at the local/provincial/regency 

government level, and low availability of programs related 

or supporting the organic farming practice.  While the 

strength factors include the high awareness that organic 

products safe for human health and organic agriculture 

support the sustainability of the environment, the lower 

cost of the production inputs, and the high availability of 

natural resources in organic farming practice. 

Evaluation of the external factors reveals that 

opportunity factors are more dominance than threat factors 

(Table 4).  The distinction threat factors that may impede 

the development of organic agriculture in Bengkulu 

Province are small opportunity to collaborate with other 

parties for marketing organic products, limited consumer 

knowledge on food safety and organic product, and little 

awareness of people and non-government organization to 

provide safe and healthy food.  While the opportunity 

factors that exist and may advance organic agriculture 

development are the high intention of agricultural land 

conversion to organic farming, the abundance of 

agriculture input supports to facilitate organic farming 

development, development of superior organic 

commodity, and availability of programs in line with 

organic farming development. 

Analysis of Internal-External Matrix shows that the 

current position for developing organic agriculture in 

Bengkulu Province in the Weakness-Opportunity quadrant 

(quadrant III) since the total score of an internal factor and 

external factor are 2.26 and 2.54 respectively (Figure 1).  

This position indicates that generic strategy to develop 

organic agriculture should be ‘turnaround' strategy that is 

harnessing the opportunities while improving the existing 

weaknesses.  Alternative strategies were then developed 

by synthesizing the weaknesses and opportunities include: 

a) Developing export-oriented organic agricultural 

products (Internal Factor 1,2,3,6,14 and External 

Factor 13,15), 

b) Provisioning certification incentive and cost sharing 

for farmers (Internal Factor 1,6,16 and External 

Factor 9,10,14), 

c) Developing cross-sectoral integrated organic 

agriculture (Internal Factor 3,4,5,9,10,11,14,15 and 

External Factor 9,10,12,14), 

d) Building farmer institution and market network 

(Internal Factor 1,2,3,4,5,7,8,14 and External Factor 

10,11,15), 

e) Fostering organic community supported agriculture 

(Internal Factor 1,2,4,6,8,10,11,14 and External 

Factor 11,12,13,14), 

f) Providing organic production and marketing supports 

(Internal Factor 1,2,3,4,5,7,9,10,11,14,15 and 

External Factor 9,12,13,14). 
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Table 3 Internal Factor Matrix 

No Internal Factor Weight Rating Score 

1 Farmer understanding of 

organic agriculture 

0.2002 2 0.40 

2 Marketing network of organic 

products 

0.0934 2 0.19 

3 Government policy to facilitate 

marketing of organic products  

0.0671 2 0.13 

4 Special program to develop 

organic agriculture at the 

local/provincial/regency 

government level  

0.0558 2 0.11 

5 Availability of program related 

or supporting the organic 

farming practice 

0.0490 2 0.10 

6 Information for farmer 

regarding organic product 

certification  

0.0387 2 0.08 

7 Availability of capital for 

farmer to get education or 

training on organic agriculture  

0.0362 2 0.07 

8 The number of organic farmer 

organization  

0.0355 2 0.07 

9 The level of holistic approach 

to developing organic 

agriculture 

0.0319 2 0.06 

10 Access to university as source 

of organic agriculture 

information  

0.0264 2 0.05 

11 The role of  non-government 

organization  

0.0229 2 0.05 

12 Availability of information 

technology to support access to 

information and 

communication  

0.0218 2 0.04 

13 Information access to available 

knowledge and organic 

agriculture technology  

0.0214 2 0.04 

14 The level of farmer 

organization management  

0.0177 2 0.04 

15 Availability of government 

support on organic farming 

practices  

0.0131 2 0.03 

16 Availability of incentive for 

farmer to convert to organic 

agriculture 

0.0100 2 0.02 

17 Organic product safe for human  

health  

0.0774 3 0.23 

18 The degree of organic 

agriculture to support the 

sustainability of the 

environment  

0.0719 3 0.22 

19 The cost of agricultural inputs  0.0422 3 0.13 

20 The degree of availability of  

natural resources in supporting 

organic farming practice  

0.0388 3 0.12 

21 Availability of appropriate 

technology related to organic 

agriculture  

0.0287 3 0.09 

 Total 1  2.26 

 

Table 4 External Factor Matrix 

No External Factor Weight Rating Score 

1 Opportunity to collaborate 

with other parties for 

marketing organic products  

0.1378 2 0.28 

2 The level of consumer 

knowledge on food safety and 

organic product  

0.0885 2 0.18 

3 The awareness of people and 

non-government organization 

to provide safe and healthy 

foods  

0.0762 2 0.15 

4 The decrease in number, 

quality, and continuity of 

product through appropriate 

technology 

0.0515 2 0.10 

5 Government policy on export 

import related to competition 

with imported organic 

products  

0.0497 2 0.10 

6 Adoption of local wisdom 

which inlines with organic 

farming principles  

0.0382 2 0.08 

7 The level of local government 

funding support to develop 

organic agriculture  

0.0208 2 0.04 

8 The level of product 

development based on organic 

agricultural products  

0.1312 3 0.40 

9 The intention level of 

agricultural land conversion to 

organic agriculture 

0.1087 3 0.33 

10 National policy related to 

organic agriculture 

development  

0.0870 3 0.26 

11 The level of organic product 

demand in the big cities  

0.0672 3 0.20 

12 Availability of agriculture 

input supports to facilitate 

organic agriculture 

development  

0.0455 3 0.14 

13 Development of superior 

organic commodity  

0.0414 3 0.13 

14 Availability of programs in 

line with organic farming 

development 

0.0399 3 0.12 

15 Availability of international 

market for organic products  

0.0163 3 0.05 

 Total 1  2.54 

 

The strategy of developing export-oriented organic 

agricultural products is intended to promote organic 

products that have high sale value and market demand.  

Therefore, it is expected to facilitate: 

a) Product marketing, 

b) Export-oriented products are supposed to provide 

higher returns.  The results of this study indicate that 

the primary driving factor for technology transfer to 

farmers is the economic factor. 

c) Further impacts of the expected number of farmers to 

understand and adopt the greater organic agriculture, 
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d) Research development efforts to produce quality and 

competitive products growing with the development 

of the export market, 

e) Assist the government in determining the direction of 

policies, programs, and assistance with focused 

intervention for  the development of superior organic 

products, 

f) Encourage the availability of information about 

certification for farmers. Export-oriented organic 

agriculture is expected to promote the availability of 

information on the certification of international scale 

and improve management of agricultural producers 

and managers in marketing their products. 

Based on data from [13], the area certified by an 

international certification body in Indonesia mostly was 

intended for coffee production. Therefore, the coffee 

organic agricultural products can be developed in 

Bengkulu Province. Organic coffee products are mainly 

intended for export. The alternative strategy of 

development export-oriented organic coffee products has 

the prospect to be implemented. 

 

Figure 1    Current position of organic agriculture 

 

A strategy of incentive certification provision 

and cost sharing is meant to tackle the challenging issue 

of certification.  Certification is one of the challenges of 

organic farming, especially for small farmers. 

Certification is an important topic since according to 

[23],  certification is necessary for among others: 

a) Protecting consumers from fraud and 

manipulation and claims of products that are not 

organic, 

b) Protecting producers and organic food products 

from fraudulent other agricultural products that 

claim to be organic products, 

c) Providing assurance that all stages of production, 

preparation, storage, transportation, and marketing 

can be checked and following the standards of 

organic food products,  

d) Harmonization is needed in the regulation of the 

production system, certification, identification and 

labelling of organic food products. 

Organic products that have internationally 

recognized certification have most likely be accepted in 

the local, national or international market. This study 

revealed weak certification information, the lack of 

understanding of organic agriculture and the small 

number of farmers who practice organic farming. The 

alternative strategy is expected to cover up these 

weaknesses using the opportunities available, especially 

for: 

a) Encouraging more farmers/farmer groups are 

converted to organic agriculture, 

b) Boosting the availability of access to certification 

information, 

c) Fostering the understanding and adoption of 

organic farming among farmers, and 

d) Facilitating organic product marketing at national 

and international levels with the quality assurance 

through certification. 

The strategy of organic agriculture integrated 

cross-sectoral development is expected to handle the 

weakness of organic agriculture development in 

Indonesia.  One of the factors of the shortcomings of 

organic agriculture development in Indonesia, 

particularly in the province of Bengkulu is a partial 

approach in developing things. Policies tended to focus 

only on certain aspects, such as cultivation, and less 

attention given to other aspects.  Various agricultural 

development programs have been widely implemented, 

such as program utilization of backyard areas, use of 

livestock manure into organic fertilizer and biogas, 

animal husbandry and freshwater fish, post-harvest 

processing program, and a program of economic 

development of small and medium enterprises.  

However, these programs implemented sectoral. The 

programs that exist in the relevant agencies is likely to 

be used to develop organic agriculture if it can be 

coordinated and integrated into an integrated model of 

organic farming development. Furthermore, alternative 

development strategy of integrated cross-sectoral 

organic agriculture will improve and help aspects of 

marketing, mastery of technology, access to finance and 

institutional strengthening for local governments to 

cooperate with various parties such as universities and 

private sectors that have an interest in developing 

organic agriculture. 

Farmer institutional development and marketing 

strategy is built to utilize: 

a) national policy related to organic farming, 

b) the availability of programs in line with the 

development of organic farming, 
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c) the international market for organic products is 

likely to increase. 

d) To cover the weaknesses of the number of farmer 

groups that deal with organic farming, the 

management of farmer groups, and policies that 

facilitate the marketing of products. 

The strategy of the fostering community supported 

organic agriculture is intended to utilize the demand for 

organic products in the city that continue to increase 

and to overcome the weaknesses.  The weaknesses that 

can be affected are: 

a) the organic products marketing network, 

b) lack of policy to facilitate the marketing of 

products, 

c) the availability of information technology that 

supports access to market information and 

communication. 

Providing organic production and marketing supports is 

the last alternative strategy.  This alternative strategy is 

the utilization for: 

a) the availability of agricultural inputs assistance 

that supports the development of organic 

agriculture, 

b) availability of programs that are in line with the 

development of organic farming, 

c) the international market for organic products is 

likely to increase. 

And to overcome the weaknesses comprises of: 

a) low understanding of farmers on organic farming, 

b) limited access to the university as a center of 

information about organic farming, 

c) inadequate access to information on the results of 

organic farming research, 

d) limited support to organic farmers by the 

government. 

The alternative strategies then analysed using fuzzy-

AHP to get their ranking.  The first three ranking of the 

alternative strategies are: 

a) Developing export-oriented organic agricultural 

products, 

b) Providing organic production and marketing 

supports, and 

c) Fostering organic community supported 

agriculture. 

4. CONCLUSION 

The study was conducted to identify factors 

influencing organic agriculture development, formulate 

alternative strategies and select the best strategy by 

employing multi-criteria decision making for developing 

organic agriculture in Bengkulu Province. Identification of 

internal and external factors finds 21 internal factors and 

15 external factors that influence the development of 

organic agriculture.  Evaluation of the internal factors 

shows that weakness factors are more dominance than 

strength elements with the internal factor score of 2.26.  

Meanwhile, evaluation of the external factors shows that 

opportunity factors are more dominance than threat factors 

with the total score of external factors of 2.54. Analysis of 

Internal-External Matrix indicates that the current position 

for developing organic agriculture in Bengkulu Province is 

in the Weakness-Opportunity quadrant or quadrant III.  

Alternative strategies developed by synthesizing the 

weaknesses and existing opportunities include a) 

developing export-oriented organic agricultural products, 

b) provisioning certification incentive and cost sharing for 

farmers, c) developing cross-sectoral integrated organic 

agriculture, d) building farmer institution and market 

network, e) fostering organic community supported 

agriculture, f) providing organic production and marketing 

supports. The first three consecutive ranking of the 

alternative strategies are 1) developing export-oriented 

organic agricultural products, 2) providing organic 

production and marketing supports, and 3) fostering 

organic community supported agriculture. 
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