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Abstract 

Decision-making is often a complex task. This paper proposes a decision support system (DSS) 

which aims at greatly improving decision making for postharvest management. The decision 

support system consists of two main components: an integrated Delphi-agent-based model 

(ABM) for simulating postharvest loss behaviour, an evaluation model based on the fuzzy 

analytic hierarchy process (FAHP) together with a fuzzy- Decision Making Trial and Evaluation 

Laboratory (DEMATEL). The latter is responsible for assessing alternative strategies based on 

the simulation outputs generated by the former. The integrated model is able to keep track of not 

only biophysical feedback effects, but also complex socio-economic benefits or non-market 

values that are reflected in market transactions. In the outcome evaluation component of the 

system, the Fuzzy AHP is used to structure and rate all related criteria, the method is used to 

obtain final rankings in terms of simulated socioeconomic and biophysical outcomes.  
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In the stochastic fuzzy DEMATEL, the uncertainty of structure is expressed as a stochastic 

model. When the structure is uncertain, stochastic fuzzy DEMATEL could extract the features of 

structure by the degree of dispatching influences and the degree of central role; stochastic 

composite importance could express the uncertainty of priority and decide the priority taking into 

account the attitude of the decision maker; pessimistic, neutral or optimistic. An integrated 

Delphi-ABM and Fuzzy-AHP- DEMATEL approach for postharvest science and education from 

grade school through trade school or university could help to reduce global food losses, by 

integrating postharvest and outreach training to established practices.  

 

Keywords: Multiple Criteria Decision Making, decision support system, agent-based model, 

Delphi, FAHP, DEMATEL. 

 
Introduction 
 
Agriculture has played a key role in the development of human civilization and in economic 

development of the country. As the world move into the 21st century, that role continues. A 

remarkable paradigm shift in agricultural practices has occurred over the past century in response 

to new technologies, and the development of world markets. With population and income 

growth, intensive scientific research and robust investment in modern agriculture during the past 

50 years has helped farmers double food production. Innovation, stewardship and advancements 

continually made by growers to sustainability produce higher-quality products with a reduced 

environmental impact.  

Future food demand is also projected which is based on factors such as growth in population, 

growth in per capita income, urbanization and consumption behaviour. One attractive means to 

potentially increase the effective supply of food is to ensure that food systems are most 

effectively linking agricultural production to consumers. However, production at the assumed 

growth rate may not increase in future because the past production growth factors may not work 

well in future environments. Hence, in the absence of favourable past growth factors, the food 

supply to match the demand in future may be a matter of great concern for food security. To 

meet the demand, production will have to be increased mainly through increases in productivity 

& optimize the postharvest losses as the possibility of area expansion. The postharvest sector 



3 

 

includes all points in the value chain from production in the field to the food being placed on a 

plate for consumption. Postharvest activities include: Harvesting, handling, storage, processing, 

packaging, transportation and marketing. The amount of resources used and the efficiency of 

production are contingent upon use of appropriate technologies, infrastructure, storage, 

processing, marketing and transportation (Mrema & Rolle 2002). 

 Postharvest operations for grains follow a chain of activities starting in farmers’ fields and 

leading eventually to being supplied to consumers in a form they prefer. When determining the 

losses that may occur in this chain it is conventional to include harvesting, drying in the field 

and/or on platforms, farm storage ,threshing and winnowing, transport to store and then to 

consumers.  Abdallah et al., (2011) defined the Postharvest loss as the debasement in both 

quantity and quality of a food product from farmers’ field to consumers/consumption. Kader 

(2004) “Quality losses include those that affect the nutritive/caloric composition, the 

acceptability and the edibility of a given product”. Kitinoja et al., (2010) “quantity losses refer to 

those that result in the loss of the amount of a product”. World Resources (1998) Postharvest loss 

results not only in the loss of the actual crop, but also losses in the environment, resources, labor 

needed to produce the crop and livelihood of individuals involved in the production process. 

When 30 percent of a harvest is lost, 30 percent of all the factors that contributed to producing 

the crop are also wasted. Goletti & Wolff, (1999) “While in developing countries the share of 

postharvest activities in total value added of food products tends to be lower, there is a tendency 

towards greater importance of postharvest operations”. Small-scale farmers depend heavily on 

the agricultural sector but they experience disturbingly high levels of postharvest loss due to 

over-ripening, decay and physical injuries caused during handling, packaging and transporting 

(Acedo & Weinberger, 2006). There are a wide range of postharvest technologies that can be 

adopted to improve losses throughout the process of pre-harvest, harvest, cooling, temporary 

storage, transport, handling and market disbursement. Recommended technologies may vary 

depending on the type of loss experienced.  Postharvest losses occur at every stage of grain 

handling, storage and processing. These losses may be either quantitative or qualitative. The 

magnitude of losses is highly variable and in certain cases they may even reach 100%. 

Qualitative losses are more difficult to evaluate than quantitative ones. Qualitative losses for 

example, may consist of changes in the physical appearance, nutritional degradation, loss of 
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germination, presence of fragments and insect infestation, contamination by mould or 

development of mycotoxins. The aim of this paper is to emphasise the need to place post-harvest 

activities, particularly loss prevention activities, within a market context, so providing pointers 

for planners and technologists in the post-harvest sector.  

 

Literature Review  
 

The term ‘postharvest loss (PHL)’ refers to measurable quantitative and qualitative food loss in 

the postharvest system (de Lucia & Assennato, 1994). The postharvest sector includes all points 

in the value chain from production in the field to the food being placed on a plate for 

consumption. As a product moves in the Postharvest chain, PHLs may occur from number of 

causes activities include: Harvesting, handling, storage, processing, packaging, transportation 

and marketing (Mrema & Rolle 2002; Hodges et al., 2011).  

More sophisticated management and new technologies continues to improve the efficiency with 

which food is brought into stores, displayed, and sold (Hodges et al., 2011). The postharvest 

system is conceived from a series of individual components to an integrated value chain linking 

producers and consumers through domestic and international trade. Losses of quantity (weight or 

volume) and quality (altered physical condition or characteristics) can occur at any link in the 

postharvest chain (Fig.1).  An international literature review found a dearth of data on food waste 

and estimates varied widely; those for post-harvest losses of grain in developing countries might 

be overestimated. As much of the post-harvest loss data for developing countries was collected 

over 30 years ago, current global losses cannot be quantified. Food losses refer to the decrease in 

edible food mass throughout the part of the supply chain that specifically leads to edible food for 

human consumption. Food losses take place at production, postharvest and processing stages in 

the food supply chain (Parfitt et al., 2010). Food losses occurring at the end of the food chain 

(retail and final consumption) are rather called “food waste”, which relates to retailers’ and 

consumers’ behavior (Parfitt et al., 2010) (fig.2).   

Rembold et al.,(2011)  laid out a method of modelling post-harvest  loss  in  which  the supply  

chain is broken down into  eight  parts: harvesting loss,  field or  platform  drying, threshing 

/shelling,  winnowing, transport  to  store,  storage, transport to market, and trader storage.  

If there are several reliable loss figures, any outliers are excluded and the midpoint of the range 
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is used. Otherwise, the loss figure used is the most reliable one. Factors contributing to post-

harvest loss are internal factors & External factors. The following stages are considered the 

primary elements of the post-harvest supply chain. Loss occurs at each stage of the supply chain 

as described below (table 1, 2, 3 &4) (fig.3). Ekman  (2000)  presented  a model  for  strategic  

planning using a stochastic program model for selecting technology  adoption  for  a  given  

farm  with  the  goal  of  maximizing  revenue  (2000).                                              

Discrete probability distributions are used to represent available working days, and these distribu

tions   determine  the  optimal  amount  of  equipment  needed  to  meet  a  given  tillage  

schedule (Ekman 2000, Ahumada  and  Villalobos, 2009). Ekman’s (2000) model selects 

machinery investment given the stochastic nature of the weather. The results show 

that deterministic models underestimate the capacity requirements in unpredictable 

weather (Ekman 2000).  Ekman’s model  is  important  to   consider  because  many  planning  

models  dealing  with  perishable  products  fail  to  include stochastic  features (Ahumada  and  

Villalobos, 2009).   

 

Figure 1: Estimated losses (weight and quality) from the postharvest chain for rice in South Asia 
(Courtesy of Martin Gummert, International Rice Research Institute cited by Hodges et al., 2011). 

 

 

Figure 2: A typical value chain 
(Adapted from NR International http://www.researchintouse.com/nrk/RIUinfo/). 
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Figure 3 Post-harvest loss estimates in India (Sources:  Basavaraja et al.  2007, Basappa   et al.  2007)  

 

Table 1: Generic food supply chain and examples of food waste (Source: Parfitt et al. 2010) 

Sr. 
No. 

Stages Examples of food waste 

1. Harvesting, handling at harvesting Edible crops left in field, ploughed into soil,
 eaten bypests; timing of harvest not optim
al; crop damaged during harvesting 

2. Threshing Loss through poor technique 
3. Drying, transport and distribution Poor transport infrastructure; loss owing to s

poiling/bruising 
4. Storage Pests; disease; spillage; contamination; natu

ral drying out of food 
5. Primary processing – 

 cleaning, classification, de- 
hulling, pounding, grinding, packaging, soaking,  
winnowing, drying, sieving, milling 

Process losses; contamination in process ca
using loss of quality 
 

6. Secondary processing – mixing, cooking, frying,  
molding, cutting, extrusion 

Process losses; contamination in process ca
using loss of quality 

7. Product evaluation – quality control Product disregarded/out- 
grades in supply chain 

8. Packaging Inappropriate packaging damages produce; 
grain spillage from sacks; attack by pests 

9. Marketing, selling, distribution Damage during transport; spoilage; poor ha
ndling;  losses caused by poor storage 

10 Post-consumer Poor storage/stock management; discarded  
before serving; poor food preparation;  
expiration 

11 End of life – disposal of food waste/loss at  
different stages in supply chain 
 

Food waste discarded may be separately tre
ated, fed to animals, mixed with other waste
s/land filled 
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Table 2:  Characterization of post-harvest infrastructure in relation to stages of economic development 
(Source: Parfitt et al. 2010) 

type of 
postharvest 
infrastructure 

technological 
development 

level of 
development 

supply chain 
characteristics 

type of 
growers  

markets and 
quality 

developing 
traditional 
systems 

Simple  
technologies, 
labour-intensive, 
traditional 
storage systems 
and harvesting 
techniques 

low-income 
countries 

poor integration with 
local markets, many 
intermediaries 
supplying urban 
markets 

smallholders, 
including 
subsistence 
farmers 

local markets: 
mostly meeting 
household/ 
village food 
requirements; 
limited access to 
international 
markets 

intermediate 
systems— 
‘transitional’ 

packing houses, 
refrigeration and 
storage facilities 
systems 
alongside 
elements of 
traditional 
systems 

low- and 
middle income 
countries 

requires closer 
integration of 
growers, suppliers, 
processors and 
distribution 
systems 

small-scale 
farmers who 
often have 
access to 
limited 
postharvest 
specific 
infrastructure 

produce of variable 
quality, target 
both local 
(including 
supermarkets) 
and, 
increasingly, 
export markets 
in a number of 
countries 

developed 
industrialized 
systems 

access to 
relatively 
sophisticated 
technologies, 
e.g. 
packing-house 
equipment and 
cold chains; 
losses still occur; 
harvesting 
highly 
mechanized, e.g. 
wheat 

middle- and 
high income 
countries 

use of highly 
integrated systems 
between growers 
and supply chain; 
more seasonal 
produce imported; 
more secondary 
processing of food 

medium- and 
large-scale 
farmers 

meet the quality 
and safety, as 
well as volume 
and timeliness 
demands of local 
(particularly 
supermarkets/ 
convenience 
store chains) and 
export markets 

 

Table 3 Percentage loss at each stage of supply chain in South and Southeast Asia  
Source: Gustavsson et al.( 2011) 

South and Southeast Asia 
 Agricultural 

Production 
Postharvest handling 

and storage 
Processing and 

packaging 
Distribution Consumption 

Cereals   6% 7% 3.50% 2% 3% 
Roots and Tubers 6% 19% 10% 11% 3% 
Oilseeds and 
Pulses  

7% 12% 8% 2% 1% 

Fruits and  
Vegetables 

15% 9% 25% 10% 7% 



8 

 

Methodology 
 

The Purpose of the methodology is to develop new integrated decision support system (DSS) 

based on Delphi-agent based modeling system with fuzzy-AHP-DEMATEL techniques. This 

model would be based on four stages methodology. The detail outlined of the proposed 

methodology to be followed is shown as: In the first stage the Delphi method will be applied for 

identification, synthesis and prioritization of key performance factors & sub-factors and a novel 

consistent measurement scale will be developed. The Delphi Technique was originally conceived 

as a way to obtain the opinion of experts without necessarily bringing them together face to face.  

In the second stage Agent based model (ABM) for postharvest loss will be applied to generate 

management outcome indicators. These outcomes will be further used as inputs for strategy 

identification model. In the third stage, Fuzzy Analytical Hierarchy Process(FAHP) process will 

be applied to match product Characteristics with farmer/supplier characteristics (using 

farmer/supplier ratings derived from pair wise comparisons) to qualitatively determine supply 

chain strategy. A large number of researchers believe that as there is a kind of uncertainty in 

experts’ opinions, when doing pair comparisons and assigning ratio to them, the decision making 

would be imprecise and unreliable. In the traditional hierarchical structure method, each expert is 

asked, based on his/her understanding, to assign an exact ratio to each pair comparison, this 

methods is of low precision. In fact, they believe that understanding of each person from the 

significance of a phenomenon than another cannot be stated in the form of a crisp number but it 

can be only stated in the form of an interval of numbers. The AHP is an approach for facilitating 

decision-making by organizing perceptions, feelings, judgments and memories into a multi-level 

hierarchic structure that exhibits the forces that influences a decision. AHP is about breaking a 

problem down and then aggregating the solutions of all the sub problems into a conclusion. AHP 

can give a clear view on performance levels, with respect to each individual factor of the 

farmers/suppliers’. The hierarchy is constructed in such a way that the overall decision goal is at 

the top level, decision factors (and sub-factors if any) are in the middle level(s), and competitive 

companies at the bottom. The weights are applied to all the factors inter and intra hierarchy. The 

AHP method provides a structured framework for setting priorities on each level of the hierarchy 

using pairwise comparisons that are quantified using 1–9 scales. Thus, hierarchical analysis in 

the fuzzy state is able to simulate the decision making process in human mind better than the 
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traditional ones. The hierarchical model should be able to break the existing complex decision 

problem into manageable components of different layers/levels. Therefore, in the proposed 

methodology, the AHP with its fuzzy extension, namely fuzzy AHP, will apply to obtain more 

decisive judgments by prioritizing the selection criteria and weighting them in the presence of 

vagueness. In the fourth stage Fuzzy Decision Making Traial and Evaluation Laboratory 

(DEMATEL) will be used to extract a problem structure of a complex problematique. By using 

DEMATEL we could quantitatively extract interrelationship among multiple factors contained in 

the problematique. In this case not only the direct influences but also the indirect influences 

among multiple factors will be taken into account. Furthermore, we could find the dispatching 

factors that will rather affect the other factors, the receiving factors that will be rather affected by 

the other factors, the central factors that the intensity of sum of dispatching and receiving 

influences is big, and so forth. It is important and useful to get the structural model of a 

problematique from which we could find the priority among multiple strategies to improve the 

structure. This is the main aim of DEMATEL. 

 

Scientific Implications 
 
The main objective of this study is the development of a new integrated decision support system 

which can be used by the decision makers. The supply chain design will be related to strategic 

decisions regarding the choice of technologies to be used, the selection of warehouse/pre-

processing locations, the design of distribution system as well as the assignment of farms to 

warehouses, warehouses to crop processing plants, or plants to markets. The entire chain from 

primary production up to and including consumer processing influences the final product; but the 

relative contribution of the links varies according to the goal for which the chain is being 

designed and optimised. Chain has to be designed for a specific end product as the chain 

pathway changes and the relative contribution of the links changes with the product. 

Moreover, the uncertainties in all stages of the whole system that can increase PHL, such as 

randomness of the supply and demand, and fluctuations in production and transportation 

capacities need to be considered in the strategic multi-echelon supply chain design models so the 

resulting supply chain can be robust and resilient. Not that planning and design based on the 

assessment of multiple factors/criteria will mitigate the risks of PHL. A key outcome of this 
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research will be a comprehensive framework to explore optimal engineering solutions and 

infrastructure investment requirement for large scale crop supply systems that minimize PHL 

while considering other relevant objectives such as satisfying market demands. Results from this 

research will provide guidance for realistic adoption of crop processing and development 

technologies. More importantly, the research outcomes will provide decision makers and 

analysts with a scientific and methodological basis to analyze the implications of various 

decisions under various uncertain scenarios. 
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