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Abgract

New and increasing competitive pressures derived from opening market, consumer growing behavior and global trade patterns have a strong
exposure that the agricultural products sector faces many types of uncertainty and price volatility. Consequently, the risk associated with price
uncertainties has been wreaked havoc on the financial performance of the agricultural products stakeholders. An intelligent decision support
system for price risk management across agricultural products supply chain (AgriRiskiDSS) is developed as decision aids tools to help the
stakeholders manage price risk. The intelligent technologies, i.e. vertical search engine and intelligent information processing technologies are
adopted as the key development methods in order to resolve the internal problems relevant to data update and predication algorithm during the
system development. This paper firstly analyzes the decision problems and user needs based on survey, then describes the system architecture
and devel opment, especially application of theintelligent technol ogies. At last some discussion and conclusions are given based on the experience
of the system development and promotion.
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Introduction The System Design and Development

New competitive pressures, which are derived from opening

market, consumer growing behavior in product variety, freshness,
convenience, and year-round availability stimulated by rising

incomes and global trade patterns after China entered the WTO
with new traffic rulesand quality safety traceability requirement ¥4,
have a strong exposure that the agricultural industry faces many
types of uncertainty and pricerisk, whichislikely toincreasein
thefuture, especially agricultural producerswould be expected to
beparticularly vulnerableto the pricerisk given that they operate
at asmall, specialized scale. It is different with other devel oped
countries. These have contributed to agricultural stakeholders
seek efficiency gainsthrough managing pricerisk and strengthen
their competitive positions and steady their income instead of

react to market changes.

Yet such volatility can arise from any of several sources, so
identification of effective intervention strategies depends
fundamentally onlocating the source(s) of variability inagricultural
prices. Although thereisplenty of toolsof pricerisk management,
and this anticipated price volatility emphasizes the necessity for
managing price risk ®, agricultural stakeholders cannot mitigate
pricerisk becausethey lack the knowledge of risk management in
China. So it is evident to provide help or tools for agricultural
stakehol derson agricultural price risk management.

AgriRiskIDSS, aweb-based intelligent decision support system
for price risk management across agricultural supply chain, aims
at identifying and test the feasibility of the use of various price
risk management tools in China. This paper describes the
experiencefor AgriRiskIDSS.
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Taking into account cost-benefit ratio, it isobviousthat devel opment
of the system isnot absol utely following the entire process of risk
management. AgriRiskIDSShastailored the requirement and only
considerstherisk evaluation, early warning, risk management and
e-learning. Fig. lillustratesthe architecture. In more detail each of
the subsystemsiis described below.
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evaluation subsystem is responsible for assessing the level of
pricerisk. It consists of the following modules.

1) Data collection module. The data collection module is
responsible for gathering data from a multitude of stakeholders
and preparing the data sets for the evaluation module. There are
three methods of collecting the data: jnput the data manually;
transfer from other resource in a common EXCEL format;
automatically collect from settled relevant website via vertical
search engine. The searched website can be changed manually.

The evaluation subsystem has adatainput sub-module, which
enables experienced or | ess experienced users mount the coverage
onto the system. All the data are stored in database.

2) Risk evaluation module. The module isthe key component of
the evaluation subsystem and it is responsible for carrying on
qualitative analysisto therisk in order to find out the influence
factor and quantify the pricerisk 2.

« Themethod of coefficient of variation isadopted asthe external
pricerisk evaluation of supply chain, duethat it isasimple and
effective method to evaluate the volatility of price given that it
only needsto calcul ate the mean and standard deviation of time
series of pricesof vegetable.

« The decomposition model is adopted to identify which of the
factorsis amore important source to cause the price risk across
the vegetable supply chain, due that it can be easier to estimate
the probable degree of avariety of pricerisk factors. Based onthe
model, pricerisk isattributableto volatile inter-market margins,
intraday variation, intra-week (day of week) variation, or terminal
market pricevariability ©.

The early warning subsystem: The early warning subsystem is
responsible for monitoring thelevel of macro and micro priceand
issuing awarning signal. It consists of the following modules.

1) Dataforecasting module. The module runs prediction model to
provide a quick estimation to agricultural products market or
related factors. A kind of intelligent information process method
is adopted to improve the forecast precision.

2) Early warning module. Thismoduleisresponsiblefor integrating
information and operational experience with the results coming
form previous subsystem to eval uate the degrees of market risk
and identify the potential increasing trends in their probability
and providean early warning. Eachindividual indicator isexamined
to determine whether it has crossed its threshold value, that has
historically been associated with heightened probability acquired
by expert experience at user need analysis process. When an
observed outcome of an individual leading indicator crossesits
threshold value, it is considered asissuing awarning signal.

Therisk management subsystem: Therisk management subsystem
is responsible for comparing different strategies and providing
the management decision based on consequences from the early
warning sub-system to hedge, stabilize earnings or reduce risk.

The e-learning subsystem: A miniaturized e-learning subsystem
was also constructed to help users, who have a little prior

knowledge or understanding of the techniques, learn and manage
price risk. The e-learning subsystem consists of introduction of
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the process of risk management, description of toolsof pricerisk
management and some technical aspects. The e-learning
subsystem also provides multiple channels for learner to
communi cate with each other and/or the teacher.

Knowledge-based systemin AgriRiskl DSS: Intelligent decision
support systems (IDSSs) areinteractive computer-based systems
that use data, expert knowledge and models to support decision
makers in organizations to solve semi-structured problems by
incorporating artificial intelligence techniques ”. Also, the
knowledge and knowledge-based systems are akey component
inAgriRiskIDSS.

Knowledge-based modulein e-learning subsystem: Thismodule
is responsible for proving the basic knowledge for the learner
including type of knowledge (question, problem, pure data,
solution, and reference), field of information (e.g. demand, supply,
etc.), source of knowledge, date of storage, expiration date, link
for reference and status of knowledge (active, inactive, pending,
complete, incomplete, growing). Thereis also inference engine
that tellsthe user or programmer how to use knowledge.
Knowledge base is composed of a private base and a public
base. The private base is the own base of models, which can be
used only by those models with which they are affiliated. They
can store the knowledge perceived by models responding to the
external environment and judging the next action or problem.

Knowledge-based module in early-warning subsystem: This
moduleisresponsiblefor integrating information and operational
experience experts accumulated from previous management
experiences with the results coming from previous subsystem to
evaluate the degrees of market risk and issue a warning signal.
Each individud indicator isexamined to determine whether it has
crossed its threshold value that has historically been associated
with heightened probability acquired by expert experienceat user
need analyze process. When an observed outcome of anindividual
leading indicator crosses its threshold value, it is considered as
issuingawarning signal.

The following are examples of rules reflecting the part of the
knowledge base:
If IR <14 then theinformation/ingtitutional risk issafety (0).
If IR>14and IR < 24 thentheinformation/ingtitutional risk isat a
low level (2);
If IR>24 and IR < 34 then theinformation/ingtitutional risk isat a
middlelevel (2);
If IR>34and IR < 44 thentheinformation/ingtitutional risk isat a
highlevd (3);
If IR > 44 thentheinformation/institutional risk ishigh (4).

The system development: The structure of AgriRiskIDSS adopted
B/S (Browser/Server), which is able to better apply information
system to network production. The solution, ASP.NET +

ADO.NET + MSSQL Server 2003+ 11S6.0+ COM, isadopted to
develop this system. Among the devel opment plan:

« ASPNET isserving asthemain devel op language to bridge user
interface and web server and database server.

« MS SQL Server 2003, arelational database management system
and data storage development toal, is serving as the back-end of
the workstation to facilitate data storage and retrieval and as a
means to preserve analysis methodol ogies and knowledge.
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« [1S6.0isserving asaweb server to provideinformation service.
« Microsoft COM (Component Object Model) technology enables
software componentsto communicate. COM isused to createre-
usabl e software components, link components together to build
applications, and take advantage of Windows services.

« ADO.NET (Activex Data Object) is adopted to access the
database.

Application of thelntelligent Technologiesin AgriRiskI DSS
During the AgriRiskl DSS devel opment process, two key internal
problemshavearisen.

« One is data collection and update. There is a wedlth of data
about agricultural products supply chain produced by municipal,
county, province, state agencies, academies, universities and
markets. Unfortunately the data are scattered among a multitude
of producers with dissimilar formats, resolutions. So it isakey
factor for decision support system development how to retrieve
thedatafrom multipleresourcesand providethelatest data. Vertical
search engine is adopted as the resol ution.
« Another istheprecision of prediction model giventhat prediction
function is basic to provide further early warning and risk
management strategies. The intelligent information process is
adopted asthe proposal algorithm.

Also this section focuses on the above technol ogies application
inAgriRiskIDSS.

Vertical search engine application: Compared with traditional

web search engines, vertical search engines also mean domain-
specific search enginesbuilt to facilitate more efficient search in
various domainswith domain knowledge can provide more precise
results and more customizable functions. So it is adopted for

automatic collection of the agricultural products price data in

AgriRiskIDSSintegrated classification knowledge. Therearetwo
main problemsin devel oping vertical search engines:

« The synonymous and ambiguous problems of the key words.

There are some keywords that can be used in different domains
and have different meaning or the same meaning has different

keywordsin the same domain. So extraknowledgeisrequired to
disambiguate the query when the vertical search enginesbeginto
search and retrieve the information across the website.

« Web pages classification. After the spider has retrieved the
webpage from the special, how to classify requiring supervised
automatic categorization of text documents into specific and

predefined topic areas, i.e. dividelarge volumes of datainto several
discrete classes, which are a priori determined on the basis of a
training dataset and auser-provided taxonomy &, In order toreduce
the dimensionality of theweb page classifier and thusthe number
of training examples needed, feature-based approach is proposed,
instead of representing each document as a bag of words. Then
each of webpage isrepresented by alimited number of features.
The characteristics of web structure al so can beincorporated into
thesefeatures.

Taking into account neural networks one can learn nonlinear
mappings from a set of training patterns and present various
properties, such asmassively parallel architecture, noisetolerance,
self-organization and generalization ° and ontology can capture
domain knowledge in a generic way and provide a commonly
agreed upon understanding of adomain °, aframework isproposed
tointegrate both of their values adopted in vertical search engine
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moduleof AgriRiskIDSS,

Therearealsofour kindsof artificia neural networkswhich are
often used for competitive learningof feature vector extraction:
SOFM (Self-Organizing Feature Map), LVQ (Learning Vector
Quantization), CPN (Counter-Propagation Network) and ART
(Adaptive Resonance Theory). Comparing with other networks,
LVQ network has better classification precision with lower
computation complexity . Fig. 2illustratesthe proposed integrated
framework, which consists of thefollowing stages. Thefirst stage
iscollecting and pre-processing agricultural productsweb pages
in Chinese. The second stage is inputting the result of the pre-
processing to LV Q network astrain sets. The similarity between
input web pages and output classesis calculated by the cosine of
their feature vector. This means that each web page should be
represented by its feature vector.

A hybrid predication method in AgriRiskIDSS: Previous
literatures show that chaos prediction method can produce better
results than other prediction approaches based on time series
becauseit utilizesall reconstructed phase spaceinformation (local
fractional dimension) and determines the longest delay time by
the self-rel ation coefficient model. For pricefluctuationitiseasier
to predict thetrend if the phase spaceinformation can be analyzed
and extracted. Thewavel et transformation or wavelet analysisis
probably the most recent solution for using afull-scale modul ated
window that solves the signal-cutting problem. The window is
shifted along the signal and for every position the spectrum is
calculated. Then thisprocessisrepeated many timeswith adightly
shorter (or longer) window for every new cycle. In the end the
result will beacollection of time-frequency representati ons of the
signal, al with different resolutions. So firstly thewavel et analysis
is adopted to extract the local fractional dimension of price
fluctuation.

After wavelet analysis, the original signal of agricultural
products price is decomposed in different independently time-
frequency channels, where energy can form avector. Then, neural
network is used to analyse the non-linear relationship between
local fractional dimension (wavel et analysiscoefficient) and price
future data. There are two methods to couple wavelet analysis
and neural network:

« Time as benchmark. Wavelet analysis coefficients of different
scales with the same time as input character vectors of neural
network to predict future data.
« Scale as benchmark. Wavel et analysis coefficients of different
times with the same scale as input character vectors of neural
network to predict future data.

AgriRiskIDSS integrates above two methods. Among neural
network applications, BP neural network Back-propagation neural
network isadopted asthe basic structure because it isonekind of
the most common and mature model and implements any
continuous function.

During design of aneural network, the key problem is how to
design and confirm its structure. Generally the structure is
confirmed in advance or by means of increase/decrease by
degrees. The method of increase by degreesbeginsfirstly froma
simple network structure, and then makes the structure more
complex until the structure meets the problem requirement. The
method of decrease by degreesisreverse one, which startswitha
complex network, and makes the structure simpler until the best
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Figure2. Theintegrated framework in vertical search engine.

structure is achieved. For both methods it is difficult to achieve
the best structure within limited time.Genetic algorithm is
introduced taking into account that it has advantage to search
the best wavelet analysis coefficients and parameters of neural
network.

Based on the above analysis, Fig. 3 shows the whole
architectural framework of predication method integrated wavel et
analysis, neural network with genetic algorithm (GA).
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Discussion and Conclusions

This paper reportsaresearch attempt in developing an intelligent
decision support system for price risk management across
agricultural products supply chain. The systemisableto evaluate
pricerisk and detect the most severerisk sourcein the agricultural
products market. The system is also offering the most effective
price risk management method to the user by union of risk
evaluation and risk management.
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« AgriRiskIDSSis an open distributed web-based platform. The
user can gain access to the system through any commonly used
commercia browser such asInternet Explorer, Netscape, etc. and
not install other softwarein every computer and requires!|ow skill
and training. It also can be easy to use as a stand-alone system.
The interface of AgriRiskIDSS is friendlier and the function is
more abundant due to the use of various computer techniques,
suchasHTML, etc.

« Database, the decision model, intelligent technologies,

knowledge base from experiment can be successfully integrated
into the system. Theintegration enhancesthe system performance.
Especiadly theintelligent technologies, like vertical search engine,
Wavelet analysis and generic algorithm have integrated

successfully into AgriRiskIDSS to improve the system data
collection resource and predication precision.

« Thisapplication of e-learning subsystem providesaquality and
intuitive understanding with user guidance and assistance for
the process and tool s of the pricerisk management. Itisuseful to
promote the awareness of risk management of the stakeholder
and related knowledge.

Acknowledgements
Thisresearchissupported by the Hi-tech Devel opment Plan (863
projectsunder Grand No. 2006AA102239), S& T support project
(2006BAH02A 16). Theauthorsthank GUOXiaomel, HU Tap, HU
Liang, and WANG Chuanyi for their programming contribution.
The authorsare grateful for the anonymous reviewerswho made
constructive comments.

In addition, the partial outcomes of the paper also were
submitted some important International Academic Meeting,
likeOCCTA 2007, SWEMO08, ICNSC2008. We a so thank the peer
reviewers.

References

Liu, X., Gong, W., Fu, Z. et al. 2007. Traceability and I T: Implications
for the future international competitiveness and structure of China's
vegetable sector. New Zealand Journal of Agricultural Research, 50:911-
917.

2Guo, X. 2006. Study on Decision Support System for Vegetable Price
Risk Management (Chinese). Master thesis, China Agricultural
University.

3Cook, R. 2000. The fresh fruit and vegetable value chain faces new

Journal of Food, Agriculture & Environment, Vol .9 (1), January 2011

forcesfor change. AAEA Pre-Conference Workshop on Policy | ssues
and the Changing Structure of the Food System Tampa, Florida, July.

“Kintzle, J. 1998. Production risk management from a producer’s
perspective. Journal of Agricultural Lending 11(3):21-26.

SIshmael, W. 2004. Manage your pricerisk. Beef 40(6):6.

5Barrett, C. and Luseno, W. K. 2004. Decomposing producer pricerisk:
A policy analysistool with an application to northern Kenyan livestock
markets. Food Policy 29:393-405.

"Papamichail, K. N. and French, S. 2005. Design and evaluation of an
intelligent decision support system for nuclear emergencies. Decision
Support Systems 41(1):84-111.

8Chen, R. C. and Hsieh, C. H. 2006. Web page classification based on a
support vector machine using aweighted vote schema. Expert Systems
With Applications 31(2):427-435.

*Martin-Valdivia, M. T. et al. 2007. The learning vector quantization
algorithm applied to automeatic text classification tasks. Neural Networks
20:748-756.

©Yehia Dahab, M. et al. 2008. TextOntoEx: Automatic ontology
construction from natural English text. Expert Systems with
Applications 34(2):1474-1480.

“Chen, R. C. et al. 2008. Using recursive ART network to construction
domain ontology based on term frequency and inverse document
frequency. Expert Systems with Applications 34:488-501.

303



