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Introduction 

Food industry is, economically, one of the most important manufacturing sector of Thailand.  
Possessing the rich of natural resources, the country’s food processing industry is relied on 
agricultural products, within related supply chains.  There are plenty of agricultural products, which 
are used as raw materials in the food industry.  Moreover, Thailand also exploits modern production 
technology for adding value to agricultural products.  This mechanism strengthens the food security of 
the country.  Although most processed food products target the international market, domestic 
consumption continues to grow due to lifestyle changes that have resulted in increased demand for 
greater convenience concerning food.  Processed food products are available in a wide variety of 
local retail outlets, most major Thai supermarkets such as Tesco Lotus, Makro, Gourmet Market, Big 
C, Foodland, and Tops.  The boost by a government policy, namely, "Kitchen of the World", is a 
driving force for Thailand's food industry has expanded in recent years.  The policy bas focused, 
tactically, on the field of food production in the region and expand investment channels to an 
increasingly global market.  Thailand, recently, become an important production-base in the region, 
and a major food exporter in the world market.  In 2014, Thailand exported about US$ 30 billion in the 
amount of food to the major countries, such as Japan, USA, China, UK and ASEAN. Thailand’s food 
exports are evenly distributed across major geographical regions.  National Institute for Food (NIF) 
states that Japan was Thailand’s biggest market for food products, taking 14% of the total the export 
values, followed by the US at 11.1%, China at 7.6%, and Indonesia 3.8%.  NIF, in addition, forecasts 
that Thailand’s food industry will increase by 17% in 2015.  Important Thai food exports in the 
following areas: fishery products, meat products, cereal products, fruit products, and vegetable 
products as shown in table 1 Thailand’s exported food products, 2011 – 2014. 

In the year 2011, Thailand’s worst flooding in half a century, is severely impaired the economies 
of the industry and society.  Floodwaters inundated 90 billion square kilometres of land, more than 
two-thirds of the country, ranking as the costliest natural disaster.  Flood crisis affected a total of 
4,039,459 households and 13,425,869 people; 2,329 houses were completely destroyed, while 
96,833 houses were partially damaged; the death toll has reached 657 people and 3 were missing.  
As of December 2011, World Bank estimates the damage to have reached THB 1,440 billion.  
Because of the effects on the major industrial sector, unemployment repressed due to the closure of 
several factories. The economy continues to be in an awkward position that the impact of flooding has 
reduced the confidence of investors and insurance, which will lead to an increase in unemployment 
and poor economy. The water has cut off areas north of Bangkok, including a significant number of 
key industrial centers located in the Chao Phraya watershed, and the output is stopped.  Food 
processing industry, another substantial income in the economy has suffered a loss of THB 1.2 billion. 

These types of natural disasters do not fundamentally change the current structure of food 
processing supply chains as the companies concerned will pay more attention to planning for 
emergencies, business continuity risk management of suppliers and management of its operations. 
The logic of this argument is based on the fact that the relevant place of production selected for 
economic reasons, and which might not easily be changed due to natural disasters.  We now consider 
the characterization of food industry supply chain network for business continuity which may disrupt 
flood disaster, looking at the case of a manufactures in the Chaopraya watershed area.  Effective food 
supply chain network (FSCN) is explored dynamic behaviours for Thai food manufacturers a 



 

29 

 

competitive advantage and improve the flexibility of the organization very devastative flood disaster 
today. 

This study identifies the behavioural characteristics of dynamic FSCN from the producers of food 
processing and tests their relationship to organizational performance.  The main focus is to explore 
the characters and behaviours of food processing manufacturers within the Chaopraya watershed.  
Data were collected from the enterprises of food processing supply chain in the area.  The 
questionnaire was distributed to organizations in the four food industry supply network i.e. processed 
meat, processed fruit, packed rice, and sugar.  The observed data were analyzed based on 
collaborative strategy framework. using statistical analysis software package with appropriate 
descriptive analysis.  The finding results will be an underpinning data to formulating of damage 
evaluation model: modification of existing model flood and drought damage function model.  The 
fundamental limitation of lacking d of data sources. 
 
Related literature 

Overview of Thai food processing supply chain 

In 2014, GDP agriculture agricultural sector (excluding forestry) accounted for 39.14 billion USD or 
10.5 % of nominal GDP of the country.  Thai food processing industry’s raw materials is relied on 
production of agricultural supply chain, with complement with of imported agricultural raw materials, 
partly.  The underpinning agricultural sub-sectors are crop production 84 %, livestock 9 %, and 
fisheries 7%, respectively.  The cereal crops mainly comprise of sugarcane, rice, cassava, while fruit 
corps include mango, pineapple plants.  Vegetable corps, majorly, consist of potatoes, garlic, onions, 
shallots. Livestock groups include chicken meat, and fisheries include shrimp (please see details in 
table 1).  Thailand’s agricultural sector utilizes 12.7 million workers, representing 33.4 % of the 
country’s employment. 

Food processing production has the highest proportion value of Thai manufacturing sector, 
accounted for 22 % of GDP in the entire manufacturing sector in 2014.  Main players of food 
processing industry are in small and medium enterprises (SMEs).  Production capacity of Thai food 
processing industry increase continuously to 28.5 million metric tons, which 59% for domestic market, 
35% supply to export market, and the rest 6% is reserve as nation food security storage.  The food 
processing products on the domestic market, include condiments, feed package, vegetable oil, animal 
fats, meat and dairy products, respectively.  While the major export food processing product are 
cassava starch, sugar. aquatic processing, and process fruit and vegetable.  The food processing 
industry have used appropriated innovative technologies, which can add value and achieved the 
quality and safety standards at the international level. 

 
Table 1 Thailand’s Exported Food Products, 2011 – 2014     Source: Anomynous (2015) 

Metric Ton Million US$ Metric Ton Million US$ Metric Ton Million US$ Metric Ton Million US$

Fisheries 1,669,774 7,977 1,632,453 7,958 1,406,824 6,789 1,419,377 6,322

Cereal 11,263,919 6,692 7,028,034 4,857 7,357,086 4,702 11,921,834 5,816

Meat 545,219 2,335 648,676 2,646 640,971 2,689 706,184 2,892

Sugar 6,521,046 3,602 6,853,112 3,929 5,994,946 2,812 6,293,590 2,710

Fruit 2,189,739 2,285 2,290,247 2,123 2,292,276 2,224 2,279,198 2,494

Non-Alcoholic Beverage 962,011 1,197 1,130,606 1,340 1,448,978 1,499 1,886,789 1,719

Tapioca starch* 1,894,194 928 2,237,932 993 2,451,236 1,135 3,019,855 1,268

Vegetable 556,353 645 508,943 612 473,368 601 495,019 629

Condiment & Seasoning 234,648 472 243,659 503 263,270 545 283,137 586

Alcoholic Beverage 306,386 338 816,809 547 382,110 450 316,088 436

Baby food 125,188 359 114,216 357 131,944 366 145,172 391

Palm oil 381,847 394 292,830 305 549,213 427 221,929 199

Confectionery 41,642 161 44,518 191 43,133 179 39,605 138

Other 1,172,670 2,269 1,256,311 2,365 1,417,235 2,615 1,450,116 2,805

Total Food 27,864,636 29,654 25,098,346 28,726 24,852,590 27,033 30,477,893 28,405

2011 2012 2013 2014
Export Group
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Food Supply Chain Network (FSCN) 

The food industry is becoming an interconnected system with a large variety of  relationships.  This is 
reflected in the market place by the formation of (virtual) FSC alliances, horizontal and vertical 
cooperation, and forward and backward integration (Van der Vorst, et al., 2009).  An FSCN comprises 
organizations that are responsible for the production and distribution of vegetable or animal-based 
products.  From a general perspective, there are two main types:  

1. FSCN for fresh agricultural products (such as fresh fruit and vegetables).  In general, these 
schemes may be manufacturers, auctions, wholesalers, importers and exporters, retailers and 
their suppliers, as well as specialized logistics services. Processes are the primary method of 
treatment (with air conditioning), storage, packaging, transport and distribution of food.  Over 
time the quality of the product may either increase (e.g. fruit ripening) or decrease - if they are 
harvested at the mature stage. 

2. FSCN for food (such as meat, portioned meals, snacks, desserts, canned).  Generally, these 
chains consist of manufacturers, importers, food industry, and retailers and out-of- home 
segment and logistics service providers.  In these chains, agricultural products used as raw 
material for the production of consumer goods with higher value added.  Sometimes consumer 
goods hardly tenable on savings processes. 

Supply Chain Risk Management in food industry 

Several articles review of the literature on supply-chain disruption (Ellis et al., 2011; Ivanov et al., 
2014; Heckmann et al., 2015).  Tan and Musa (2011) show that research in this area has increased 
dramatically since 2004, Tang (2006) defines supply chain risk management as " the management 
of supply chain risks through coordination or collaboration among the supply chain partners so 
as to ensure profitability and continuity."  Diabat et al. (2012) organize the risk sources relevant for 
supply chains into three categories: (1) external to the supply chain; (2) internal to the supply chain; 
and (3) network-related.  Moreover, they classify risks into two categories: (1) supply risks (e.g. 
capacity limitations, currency fluctuations and supply disruptions); and (2) demand risks (e.g. 
seasonal imbalances, volatility of fads, new products).  Since supply chain disruptions can have long-
term negative effects on a firm’s supply chain performance, competitiveness, and financial 
performance, firms need to implement a proactive supply chain risk management toward their 
vulnerabilities. 

The manufacturing process may be designed in different ways.  For example, changes in 
manufacturing activity may be indicated by a comparison output during certain subsequent periods.  
This method of analysis generally provides acceptable measurement variable success of the 
manufacturing process, but says little about the production process itself (Kittipanya-ngam et al., 
2011).  Nothing indicated the relative importance of different types of productive activity or the 
respective amounts of productive resources are used in the production of different types of property.  
The results illustrate the significant positive relationships between the eight characteristics of FSCN 
and organizational performance.  This indicates the importance of these behavioural characteristics 
FSCN dynamics that companies need to develop and implement effectively to maximize 
organizational performance.  The results reveal that the flexibility of the organization has the strongest 
relationship with performance.  Therefore, it should be a top priority of management in the 
implementation FSCN. 

Effect of Natural Disasters to Supply-chain disruption 

Contemporaneous with rising climate change, the frequency of natural disasters in the world has been 
steadily increasing over the years, reaching its highest rate (with an average of 450 natural disasters 
per year) in the past decade.  Flood, one of devastated natural disasters, inflict tremendous social, 
economic and human costs.  It has the potential to affect the economic development not only of a 
domestic economy, but also the rest of the world, given the extent of interconnected production 
networks in this globalized era.  Several recent flood disasters have been of an extremely large 
magnitude and have resulted in proportionately large economic and social costs for the affected 
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domestic economies, and their effects have increasingly extended to many other parts of the world.  
Flood disasters not only create large economic costs, but also have a direct impact on people in terms 
of loss of lives and dislocation of families.  Thus, it is imperative for us to study these tragic events 
carefully, to ascertain policy gaps and lessons, and to highlight key economic and social policies to 
manage such a disaster.  Pettit et al. (2011) suggests that the new economic dimension of natural 
disasters is a fragile supply chains.  As policymakers must address the dangers to citizens caused by 
natural disasters, it is now necessary for economists and business people to find ways to soften.  The 
very real threat of these events on the international economy.  Many Japanese companies, have 
operations in Thailand, play important role in the supply chains.  The companies that suffer significant 
efforts to recover activities quickly.  In the latter two cases, serious problems need to be addressed.  
In addition, assessing how disasters may influence firms’ strategic decisions regarding their 
subsidiary activity and structure, managers may employ an initial risk calculus where the firm’s 
response would be in proportion to the loss of life and the duration and severity of the disaster (Abe 
and Thangavelu 2012).  Chomsri and Sherer (2013) shows the most recent example of a major 
natural disaster disrupt both domestic production and regional supply chains in Thailand in the fall of 
2011, when production was affected by widespread flooding in huge parts of the country.  This was 
the second incident within one year have been severely affected by a major natural disaster, the 
activities of "Factory Asia", and served to the threat to the global manufacturing and the need for 
appropriate measures to be taken to further underline.  Abe and Thangavelu (2012) study, on 
Indonesia, the economic and social consequences of the earthquake in Yogyakarta in 2006.  The 
earthquake led to the deaths of more than 5,700 people, and hundreds of thousands lost their homes.  
The paper examines the determinants of livelihood recovery after this natural disaster and in 
particular the role of the support that the recovery process.  They found that: (a) small businesses are 
resilient and thus be able to recover faster; (b) an industrial cluster system within a district judge 
provides the necessary support for the companies to recover; (c) the quality of the village 
infrastructure can be important; and (d) it is important to support early as possible to minimize the 
damage caused by natural disasters. 

In recovery phase after natural disaster hit, supply chain resiliency is enhanced when the capacity 
is increased by the alternative sources of supply.  A number of documents, to evaluate the benefits of 
using multiple power sources.  Anupindi and Akella (1993) consider the procedure for the assignment 
between the two providers, one of which is more expensive, and the production process makes it 
uncertain supply.  Development of an optimal ordering policy for three types of contracts.  Li et al. 
(2010), to analyze the situation of a dealer who buys from two suppliers (subject to random failures) 
and the spot market.  The stated results include the characteristic equivalent Librium prices, the 
impact of pricing strategies violations, as well as the coordination mechanism in order to maximize 
profits, if the suppliers cooperate. 
 
Collaborative supply chain (CSC) 

Collaboration between supply chain partners was widely covered in the strategic management 
literature (Gilmour 1999, Bowersox et al. 2000).  Studies have shown more research, for example, 
those in the main direction of the supply chain is to improve the inter-enterprises level (Stank et al. 
1999).  Chen (2001) has examined the theoretical implications of supply chain collaboration and by 
unilateral policies.  Others have used theoretical models to examine the bilateral exchange of 
information instead of unilateral political incentives (He et al. 2002, Li 2002).  Some studies, recently, 
(Simatupang and Sridharan 2005, Lambert et al. 2004), are interested in a better characterization of 
the CSC. SC is working often defined as two or more companies working together to create a 
competitive advantage and more profile that can only be achieved by acting alone.  In the paper the 
term collaboration, is chosen to describe the close cooperation between independent partners in the 
mutual efforts to effectively meet the needs of the end customer at a lower cost.  The advent of supply 
chain collaboration creates a need, to inter- enterprises level, to pay particular attention to the 
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understanding of cooperation to prepare the partner for the creation of collaborative e ff orts success 
(Lambert et al. 2004) 
 

The advent of collaborative supply chain creates the need, multi-level to pay particular attention to 
the understanding of cooperation to prepare members of the chain to create a successful partnership 
initiative (Lambert et al., 2004).  However, previous research supports the hypothesis that 
collaboration is a one-way phenomenon that emphasizes collaboration feature such as information 
sharing or co-managed inventory.  Little attention was paid to capture the different features that 
represent different areas of cooperation.  This lack of consideration helps explain why operators find it 
difficult to address the issue of partnership understanding (Mentzer et al., 2000).  Alternatively, a 
mutual approach is more appropriate to define the collaborative supply chain because explicitly 
revealed a phenomenon of interaction between key collaboration features (Lee, 2000).  Since the 
objective of improving the overall performance, the mutual approach is to ensure that the main 
characteristics match or complementary. 

Building a framework for characterization of food industry supply chain network 
In order to identifies the behavioural characteristics of dynamic FSCN from the food processing 
producers and tests their relationship to organizational performance, the methodology must be as 
follow:  

1) To explore the typical characteristics exhibited by manufacturers who are in the Chaopraya 
watershed area.  The study data are collected from 151 manufacturing organizations in the 
Chaopraya watershed region, located on the banks of Chaopraya River, listed from north to 
south. 

2) To identify dynamic behaviours in food processing businesses that have specifically 
increased the complexity beyond the capability of existing supply risk management 
approaches. 

This article selected the term collaboration to address the close cooperation between strategic 
partners who are involved in joint efforts to effectively meet describe the needs of customers from the 
end of less.  The emergence of supply chain collaboration creates a need, at the international level 
companies, to pay particular attention to the concept of collaboration to prepare partners for joint 
efforts with success (Derrouiche, et al. 2008).  

 
 

Figure. 1. A simple structure of a collaborative supply chain (Simatupang, and Sridharan, 
2004) 

Figure 1 shows a simple structure of the collaborative SC with two players who are on the same 
consumer.  Consumers may be included in the collective, if it takes a major role participating in the 
development and delivery of the product.  The following properties are inherent to SC: the retailer has 
the right to make decisions to make (for example, placing orders and targeted sales), personal 
information, (e.g. consumer demand) and internal costs and revenues.  The supplier also has the right 
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to their own solutions (e.g. supply and installation of the production), personal information (e.g., 
product specifications) and the internal costs and revenues (Simatupang, and Sridharan, 2004). 
 

 
 

Figure. 2. the collaborative supply chain framework (Simatupang and Sridharan, 2005). 

Simatupang and Sridharan (2005) presents a framework for understanding the phenomenon of 
interaction among the different characteristics of cooperation in the supply chain of the Inter-
Organization perspective.  It consists of five cooperation elements, that constitute the core of the 
collaborative supply chain framework (CSCF): (1) a collaborative performance system (CPS), (2) 
information sharing; (3) decision synchronization, (4) incentive alignment; and (5) integrated supply 
chain processes, as show in figure 2.  By theoretical, in addition with empirical background evidence 
is produced to justify and support the proposed framework (Simatupang and Sridharan, 2005).  Each 
function can be considered as the favourable factor that facilitates collaboration acts.  The arrows in 
Figure 2 represent an attempt to capture the dynamic nature of the reciprocal relationship between 
multiple frame of connection characteristics. 

Methodology 

Data collections and sample 
In this paper, we construct the questionnaire survey, based on collaborative supply chain framework 
(CSCF) which proposed by Simatupang and Sridharan (2005).  A regional self-reported manufacturer 
questionnaire survey was carried out in food processing industry sector in Thailand.  A sampling 
based on the Chaopraya watershed area (according to Department of Water Resource (DWR), 
comprises, geographically, of 19 provinces, this thesis will scope the area in 9 provinces: Nakhon 
Sawan, Chainat, Singburi, Ang Thong, Ayutthaya, Pathum Thani, Nonthaburi, Bangkok and Samut 
Prakan, following the Chaopraya water board, as stated by DWR.) was conducted to ensure the 
representativeness of the regional-wide surveyed sample.  Data were collected from the enterprises 
of food processing supply chain in the area. 
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Table 2 Summarizes the company characteristics of the respondents to this survey 

Source: Authors' own research 

The questionnaire was distributed to organizations in the four food industry supply network i.e. 
sugar, packed rice, and processed fruit.  The sampling unit is the business firms and the 
questionnaire was rated by respondents with the main responsibilities for supply chain risk 
management.  General company-profiles (e.g. number of employee, registered capital, annual income 
level, entrepreneurship status, and industry type) were also collected.  Of a total of 300 
questionnaires sent out, 151 were returned, with a successful response rate of 40.33 per cent, as 
shown in Table 2. 

Data analysis and results 

The results from one-way ANOVA tests shown in Table 3 indicate that food processing 
manufacturers’ practices toward awareness of collaboration strategy, namely well development of 
front end agreement, create joint business plan, and create sales forecast, indeed differ among these 
three clusters, respectively (F–valuesugar=565.32, p<0:0001; F–value packed rice=35:98, p< 0:0001; F-
valueprocessed Fruit= 1313:05, p< 0:0001).  The mean scores of the respondents’ well development of 
front end agreement for sugar, packed rice, and processed meat are 2.44, 3.90, and 5.5.57, 
respectively; and the mean scores of the respondents’ create joint business plan for sugar, packed 
rice, and processed fruit are 5.00, 4.87, and 5.64, respectively.  The mean scores of the respondents’ 
create sales forecast: sales forecast exception criteria for sugar, packed rice, and processed fruit are 
2.61, 4.07, and 5.60, respectively. 

The results from repeated measures ANOVA tests for each segment are also reported in table 3.  
The respondents of each segment indeed have different levels of collaboration strategy practicing in 
the nine criterion of CSCF, based-on to the food supply chain network (FSCN) investigated in this 
study (F-valuesugar = 3:86; p < 0:0001; F–valuepacked rice= 27:33; p < 0:0027; F–valueprocessed fruit= 8:76; p 
< 0:0001). 

Factor Catigories Amount Percentage

Up to 10 18 11.92%

11-50 72 47.68%

51-250 42 27.81%

over 250 18 11.92%

Up to 2 11 7.28%

3-10 40 26.49%

11-55 24 15.89%

56-100 12 7.95%

Over 100 13 8.61%

Up to 10 10 6.62%

11-50 39 25.83%

51-100 25 16.56%

101-500 12 7.95%

over 500 14 9.27%

Domestic private 72 47.68%

Domestic public 13 8.61%

Foreign 0 0.00%

Combined domestic/foreign 15 9.93%

Prcessed Fruit 58 38.41%

Packed Rice 61 40.40%

sugar 32 21.19%

151

Number of employees

Registed Capital (THB Million)

Annual income (THB Million)

Ownership structure

Indusrty
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Table 3 Mean scores characterization of food processing manufacturers by Collaboration Strategy 
Source: Authors' own research 

Conclusion 

In conclusion, FSCN with the Chaopraya Watershed no matter whether industrial types are lack of 
strategically supply chain risk management, they do significantly not exploit collaborative strategy 
practices.  However, the respondents among the three food processing networks all utilize joint 
business plan.  Furthermore, the respondents loosely possess cooperation in delivery and order fulfil 
processes. 

Indeed, the manufacturing process may be designed in different ways.  For example, changes in 
manufacturing activity may be indicated by a comparison output during certain subsequent periods.  
This method of analysis generally provides acceptable measurement variable success of the 
manufacturing process, but says little about the production process itself.  Nothing indicated the 
relative importance of different types of productive activity or the respective amounts of productive 
resources are used in the production of different types of property.  The study helps manufacturers in 
the development and implementation of effective FSCN.  The next step is developing a damage 
recovery from flood disasters numerical model, based on the complexity beyond the capability of 
existing supply risk management approaches. 
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