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Abstract - This research aims to study decision toward suitable crop growing in order to achieve community economic 
sustainability by using the method of Fuzzy Analytic Hierarchy Process(FAHP) together with participatory meeting among 
stakeholders in the community including agriculturists, government representatives, traders and academicians from 
education institution.  The result reveals that decision makers give weight to income sustainability at 80%, resulting in 
growing energy crop being more important than rice as agriculturists want to reduce income risk caused by excess supply 
problem (agricultural product such as rice) and uncertainty of climate change. 
 

Index terms - Sustainable Cropping, Energy Security, Fuzzy Analytic Hierarchy Process, MCDM . 

I. INTRODUCTION 

 

From producing that mainly focuses on income 

resulting in Global Warming, the world faces climate 

changes that affect crop products.  From FAO’s 
study, rice is the least affected by the problem, 

followed by sugar cane, maize, rubber, and cassava 

respectively.  This leads to approach for promoting 

appropriately alternative crops to help agriculturists 

to increase their income and/or reduce risk from 

climate uncertainty. 

 

To improve or reduce negative effect from the past 

policies, the 11th national economic and social 

development plan, written to become guideline 

during 2012 – 2016, caused economic restructuring to 
create sustainability in producing and consuming, 

together with being environmentally friendly or green 

economy. Moreover, agricultural zoning is also 

another alternative in present time that is popular for 

solving oversupply of certain products in the market, 

causing price fall in agricultural products. 

 

Phayao is a province in the upper north of Thailand 

with mountainous landscape with valleys and lowland 

appropriate for agriculture.  Land areas for agriculture 

in 2010 cover the areas of around  1,157,302 Rais 

(29.23% of total land).  Most of the areas are used for 
rice farming (around 705,811Rais), followed by crop 

growing (around 231,674Rais).  From Payao office of 

statistics in the year 2010 in the aspect of 

specification of potential products by employing the 

method of the Boston Consulting Group (BCG) 

(Manop Phasitwilaitham et al., 2006), it is found that 

strategy directions for Phayao should be 1) develop 

agriculture into safe producing system and complete 

production process to solve price falls and increase 

value of agricultural products; 2) produce alternative 

energy and economic crops, i.e. promoting growing 
of alternative energy crop and supporting enhancing 

of agricultural products. However, as resources (land, 

labor and water reserves) are limited, together with 

data uncertainty, this might result in choosing to 

invest in inappropriate crops.  So, to give weight to 

criteria and alternative correctly, this research aims to 
study decision making for setting weight of 

importance toward crop growing appropriately by 

considering food security, energy, climate and market 

uncertainty to achieve goal of community economic 

sustainability.  

 

II. LITERATURE REVIEW 

 

Multiple criteria decision making: MCDM is widely 

accepted in relevant researches related to agricultural 

and sustainable energy development because 
objectives of these research are relevant to society, 

economy and ecology system which is an important 

factor in green economy. Researches that employ 

MCDM can be classified into 4 types: (1) technical 

criteria, most of them are efficiency; ( 2) economic 

criteria which give weight to lower producing budget 

and higher economic benefit (Jovanović et al., 2009); 

(3) environment criteria which are relevant to 

releasing gas types of NOX and CO2 including land 

use for agriculture that affect directly to environment 

and landscape ( Pilavachi et al., 2009); ( 4) social 

criteria which are relevant to creating employment 
which result in income and quality of life in the 

community ( Doukas et al., 2007).  Weighing is 

significant approach in prioritizing the importance of 

criteria and alternative.  Weighing that is widely used 

for analyzing and evaluating sustainability can be 

divided into 2 types, i.e. 1) subjective weighing 

method, that is, weighing by using marks given by 

decision makers such as AHP (Aras H, 2004) as 

weight value in each level can be calculated by many 

methods e.g. mathematic average;2) objective 

weighing method, that is, calculating weighing by 
using information and difference of importance 
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weights e.g. Entropy method (Wang et al., 2008). 

Moreover, conventional MCDM assumes that 
consideration must be set as definite number. 

However, in real world, most decision makings are in 

uncertain situations.  So, there comes applying Fuzzy 

Set Theory (presented by Zadeh 1965) being 

incorporated into MCDM such as evaluating energy 

system which consideration to economic, technical, 

social and environmental factors. (Wang et al., 2008) 

 

III. METHODOLOGY 

 

3.1 Area and agriculturist samplings 

The area used for this study is Dok Kham Tai 
District, Phayao Province, as this is the area suitable 

for growing rice, cassava, sugar cane, and maize, 

together with agriculturists ready to participate in 

meeting for making decision in growing the above 

crops mentioned. 

 

3.2 Data for studying 

This consists of 2 types: 1) Secondary data are data 

from documents collected by government and private 

offices such as academic texts on agriculture and bio-

energy, agriculturist researches, statistics reports from 
government offices; 2) Primary data from the 

community to participate in decision making in crop 

growing approach. This study therefore held 

participatory meetings for 3 times. Those who 

participated were educated agriculturists who had 

experience and trustworthy(by the community), 

relevant government officers i.e. representatives from 

agricultural district, sub-district administrative 

officers, and academicians from educational institute. 

 

3.3  Tool for analyzing data is Fuzzy Analytic 

Hierarchy Process 
FAHP. Conventional AHP is not enough to deal with 

the problem.  So, concept of logic of Fuzzy Set 

Theory is brought together with AHP in use with 

uncertain situations that are difficult to make a 

definite setting. The approach is to prioritizing 

importance by pairwise comparison and using data 

set of fuzzy type instead of giving weight as an 

estimated number only.  This study employs 

trapezoidal fuzzy numbers to demonstrate pairwise 

comparison from decision-makers’ linguistic terms. 

(Mou, 2004) 
 

Calculating value of fuzzy weights employs 

geometric mean method.  This can be shown byfuzzy 

positive reciprocal matrix as following. ( Tzeng and 

Huang, 2011) 
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equation used for calculating fuzzy weights is 

 

  
 

Examining data (consistency) 

Since problem from inconsistency of data from 

pairwise comparison may arise, meaning the results 

of comparison can be inconsistent.  To solve this 

problem is to revise the pairwise comparison again in 
order to make consistency examining acceptable by 

using Consistency Ratio, CR) (Karayalcin, 1982). 
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 CR =   Consistency Ratio, CR 
 CI =   Consistency Index 

 RI =   Random Index 

  

As index of consistency can be calculated by  
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highest eigen value of matrix 

comparison 

    n  size of matrix  

RI is the value from random sampling from the 

following table. 

 
Table 1: index from random sampling from alternative 

numbers. 

n 2 3 4 5 6 

RI 0 0.58 0.9 1.12 1.24 

  
Consistency ratio ( CR) that can be acceptable is at 
value less than or equal to 0.1  , 0.08 , 0.05 for matrix 

sizes of 5*5 , 4*4 , 3*3 respectively. If value 

calculated becomes higher than acceptable value, 

there must be review on pairwise comparison until 

the result be according to set criteria. 

Applying FAHP with planning of sustainable crop 

growing can gives practical ways for getting 

information and analysis with FAHP as following: 

1) setting alternative for each problem, by including 

all possible alternatives for the problem. 

2) specifying criteria or sub-criteria for choosing 

the best alternative. 
3) creating decision level from alternatives and set 

criteria for at least 3 levels i.e.goal, criteria, and 

alternatives. 

4) making pairwise comparison for each pair and 

then alternative for each pair according to each 

criterion until finishing all criteria. 

5) calculating prioritizing of the importance of 

alternatives by weighing of alternative in each 
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criteria timing value of weights of the criteria 

and the alternative that get the highest scores 
would be the best alternative. 

From the above, we would then know the importance 

or weight of each alternative which reflects decision 

of stakeholders. 

 

IV. RESEARCH RESULT 

 

From holding participatory meeting between 

stakeholders with approach of FAHP, there emerged 

goal, criteria, sub-criteria1, sub-criteria2, and 

alternative as shown in Figure 1. 

 

 
Figure 1 Decision-making hierarchies for Sustainable cropping 

and sustainable energy security 

 

With trapezoidal fuzzy numbers and geometric mean 

method, this gives value of weight (importance) both 

in local and global levels as following. 

Analysis in criteria level: Decision makers give 

weight to crop selling criteria for sustainable income 
the most (over 80%) while crop growing for 

sustainable energy was given weight at 20%. 

Global weight analysis of Sub-Criteria 1: Global 

weight values would be calculated from sum of 

timing of criteria with First Sub-Criteria.  The result 

indicated that economic factor has important weight 

toward community decision at 55%, followed by 

society and environment at 30% and 15% 

respectively. Global weight analysis of Sub-Criteria2: 

The result reveals that Revenue is the criteria that the 

community give important weight the (first) most 
(30%).  This is because daily life spending is rather in 

high ratio compared with income.  So, focusing on 

revenue would be a factor to help increase 

consumers’ power. The second most important 

criteria is the social acceptance toward any change 

that might occur e.g. community acceptance for 

government’s policy that might affect growing or 

selling crops. This criteria has weight value at 26%. 

Factors that come in third and fourth priority have 

similar value. They are Environment Degeneration 

and Cost (12% and 11% respectively.)  This is 

because both 3rd and 4th criteria help support 
efficiency in sustainable agricultural products. 

Agriculturists can manage this with technique or 

wisdom handed down from crop growing experience 

or from technology transfer from academicians from 

both educational institution and government offices.  

As for bio-energy factor, the community gives its 

rank of importance number 5th since people in 

community have low understanding toward usage and 

production of ethanol. Nevertheless, the community 
is still interested because bio-energy fuel is one of 

approaches in reducing over-supply of agricultural 

products which will help income stability for  

agriculturists. However, although alternative energy 

is an important government policy as set in national 

strategy, the community is still worried with policy 

continuation, so they give weight on government 

policy rank as 7th. As for water resource, since the 

studied areas are mostly in irrigation areas, so in the 

past agriculturists were not much affected from 

drought.  But effect from climate uncertainty began to 

affect drought in many areas, agriculturists then 
become interested and worried about water reserve 

for use with crop growing in the future as weight for 

this criteria is ranked as 6th. 

As for criteria that got weight value in the last 3 ranks 

include demand for energy, labor supply, and 

agricultural technology.  This is because such criteria 

affect budget and revenue relatively lower than other 

criteria. Besides, agriculturists can manage or solve 

the problem easily. For example: 1) labor shortage 

can be substituted with exchanged labor within the 

community or nearby areas.2) technology and local 
wisdom center was set up so that agriculturists can 

solve problem and improve crop growing efficiently. 

Analysis of Global weight in level of Alternatives: 

From the result of the study, the community is 

interested in growing and selling cassava to ethanol 

factories the most with value of global weight at25%. 

This is followed by rice which weight value at 21% 

while rank number 3 – 5 weight values are not much 

different. They are sugar cane (for food factories), 

cassava (food factories), and sugar cane (ethanol). 

The last rank is maize (animal feed) (as in table 2.) 

This is because policy that promote “the project of 
agricultural community for food and energy crop” 

which will provide another channel for agriculturists’ 

revenue. Moreover, although most of studied 

agricultural areas are in irrigation area, most 

academicians predict that there exists possibility of 

climate change that will cause much more water 

shortage. This will be major obstacle for rice growing 

and rice uses the most land areas presently.  So, rice 

growing is given weight value as rank no. 2nd.  Mazie 

is given weight as the last since it is the crop that has 

less channel for selling than sugar cane and cassava. 
 

Table 2:Analysis of Global weight in level of Alternatives 

source: from calculation 

Environment 
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CONCLUSION AND DISCUSSION 

 
Decision makers give more importance to energy 

crop than rice because government support policy 

helps increase income and solve the problem of 

excess supply. With climate uncertainty that leads to 

water shortage or product yields lower than in the 

past, these are all major obstacles for rice farming 

which use most of the land presently. Maize got the 

last interest since it has limited selling channels 

compared with sugar cane and cassava.  Moreover, 

agriculturists’ need to have cash for daily spending is 

quite high, according to changing cost of living 

together with increasing debt per household.  So, 
creating stable and sustainable income is the most 

important criteria set by agriculturists. 
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