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Abstract:

Agri-industry stakeholders need to respond to the challenge of meeting the demands for
higher quality products at competitive prices under increased competition in volatile
markets. Development and application of an appropriate computer-based agri-industry
value chain model can provide strategic options to deal with these challenges. This
paper presents an overview of the theoretical foundation and the structure of an agri-
industry value chain model and demonstrates its application as a tool for benchmarking
and scenario analysis of the Western Australian Sheep-meat industry.



1 Introduction

Farm producers need to respond to the challenge of meeting the demands for higher
quality products at competitive prices and increased competition in volatile markets. To
become more competitive internationally, agricultural commodities need to develop their
value added potential either by quality improvement in primary farm production or by
processing and manufacturing before they are exported. Value adding can also replace
imports and benefit an economy in many ways.

In Western Australia, statistics reveal that 75 to 95 percent of major agricultural
commodities are exported in the identical physical form as they left the farm-gate (Islam,
1997). From the view point of strategic planning and resource allocation of it is important for
industry stakeholders to identify and assess the value adding potential of commodities and
industries to help achieve increased benefits for WA producers as well as the State
economy.

In 1996, the Department of Agriculture and Food Western Australia (DAFWA) undertook a
project to develop ‘value chain’ models to estimate the value added component of major
agricultural commodities in Western Australia, to identify commodities and industries with
potential for value adding and to determine their relative importance to the State economy.
Using data on production, processing and marketing for 1994/95, the value added
component and value adding potential of major Western Australian agricultural industries
were estimated (Islam, 1997). Since then these models were modified, data updated and
applied for a number scenario analyses to find answers to a variety of ‘what if’ questions.
The results of these analyses are also reported (Islam, 1997; Islam and Campbell, 1999;
Islam, 2003; Thomas and Islam, 2003 and 2003a; and Radhakrishnan and Islam 2009 are
some examples) and used for DAFWA'’s policy development and resource allocation
purposes (Islam, 1998).

In recent years, interests on ‘value chain research’ by academics, business managers and
public policy makers are growing. However, so far the research activities have been limited
to qualitative and diagnostic types aimed to analyse supply-chain management problems
rather than developing and applying quantitative value chain model that can measure
value-added at each stage of the chain as primary products move from ‘paddock to plate’.

In this paper, we provide an overview of the conceptual foundation and the structure of an
industry value chain model to highlight the usefulness of the model for industry
benchmarking and scenario analysis. In Section 2 the model is introduced. The foundation
and the structure and components of the model are presented in Sections 3 and 4
respectively. In Section 5, an overview of the development and application of the model as
a decision support tool is presented. The summary, conclusion and limitations of the model
are presented in the last Section.

We define the term ‘agri-industry’ as to include both farm and non-farm sectors (such as
manufacturing, wholesale, retail and export which are linked to the farm sector in terms of
the flow of goods and services). The term ‘value added’ is defined as the difference
between the gross value of production and the value of materials and services used in
production. There is a difference between what is referred to as the ‘farm value added’
(FVA) component and the gross value of agricultural production (GVAP). The former
indicates the farming sector’'s contribution to the State or national income; the latter is the
gross income of the farming sector.



2 The Value Chain Model

Academics, consultants, and managers have long described the stages in the process of
creating value in the physical world as links in a "value chain." The value chain concept is
developed from the business management discipline and that was first described and
popularized by Porter (1985). Since then the value chain concept is extended to many
levels in terms of small to large business entities and also in terms of local to global links
(Kaplinsky and Morris, 2000; Chang and Makatsoris 2001, Olla and Patel, 2002; and
Gereffi, 2003). The value chain is a model that describes a series of value-adding activities
connecting a company's supply side (raw materials, inbound logistics, and production
processes) with its demand side (outbound logistics, marketing, and sales). By analyzing
the stages of a value chain, managers have been able to redesign their internal and
external processes to improve efficiency and effectiveness.

The value chain model treats information as a supporting element in the value-adding
process, not as a source of value in itself. Managers often use information that they capture
on inventory, production, or logistics to help monitor or control those processes, for
instance, but they rarely use information itself to create new value for the customer.

The value chain model we developed is based on the concept of regional economic
modeling framework. It is developed in computer spreadsheets as an accounting tool and
structured to illustrate the product and financial flows which occur throughout an agri-
industry. It provides an overview of the industry and the linkages between the industry and
other parts of the economy. The value chain model also specifies product-related
information for each sector of the industry including farms, wholesalers, retailers and
exporters. The type of product-related information includes:

. the stage of product conversion or transformation;

. the nature and quantity of products (i.e. raw materials) brought forward from previous
stages of processing;

. materials and services brought into the chain from outside the industry; and

. the nature and quantity of products which progress to the next stage of processing, or
to consumers.

Each physical input or output of an industry is linked directly to price. In this way the model
also specifies financial information for each sector in the industry, including:

. the value of products brought forward from previous processing stages;
. the cost of materials and services purchased from outside the chain;

. income accrued at each stage from sales of products;

transport, storage and handling costs incurred in moving products between
processing stages; and

the difference between total income earned and the total cost of inputs purchased,
which in economic terms is value added.

By describing these linkages the model shows the contribution of production, processing
and marketing activities to the State, regional or industry economies.

In short, the primary purpose of value chain modelling is to estimate value added
components and quantify the relative contribution of an industry to the economy. Models
help to identify constraints to, and potential for value adding, from research and
development.



Each industry model gives a detailed physical and financial description of its production,
processing and marketing sectors (including exports and imports of goods and services).
This provides detailed understanding of:

. how one part of the industry interrelates with all other parts of the industry;
. the levels of costs and incomes throughout the industry; and

. the contribution of each part of the industry to total industry output.

3 The Foundation of the Model

In developing an industry value chain model the concept of regional economic modelling is
used as its foundation®. A regional economic model is commonly developed to address the
regional economic development (RED) issues. It is usually aimed to measure and forecast
a regional income, output and employment and to study the impact of different policy
intervention on a regional economy?®.

Regional economic modelling recognises the concentration and specialisation of economic
activity in different locations and variations in returns to factors of production. These
variations imply that different regions will possess distinctive economic characteristics.
Regional economics attempts to describe and, if possible, understand the distinctive
characteristics of particular regions as these characteristics affect economic performance.

In general the term ‘region’ is perceived as a physical geographic area. However, the
literature on regional economics reveals that a region may be defined as a small rural
community and its service area, a large, densely populated area, or at the far extreme, a
massive region encompassing several states. Criteria for delineating a region are frequently
complex. The region can be defined on the basis of a single criterion resulting either in a
physical or geographic region, an economic region, a social and cultural region, or in a
region delineated on the basis of jurisdictional boundaries. Alternatively, the region can be
defined in terms of any combination of the above criteria.

Most importantly, for a regional delineation to be useful to economists, it must be large
enough to be an economic unit - an area with economic relationships and
interdependencies between industries - but small enough to show specific development
problems.

With the help of Figure 1 simplified characteristics of a regional economic model are
illustrated. The box in the center resembles a region. Regions, however delimited, are
always interdependent parts of the larger spatial economy in which they are embedded.
Regional economic performance usually is critically dependent on a region’s ability to
provide the goods and services required by other regions. Successful manufacturing
regions generally begin by providing specialised goods and commercial services to nearby
resource-extraction agricultural areas that are growing in response to demands for primary
products in the larger world economy. This type of interdependence is shown by the top
and bottom boxes in Figure 1. The top box indicates the flow of resources from outside the
boundary of a region and the bottom one indicates the flow of outputs to outside the region.
Within a region the economic activities can be classified into different sectors like
production, manufacturing, marketing, consumption and public expenditure.

The above discussion suggests that the primary important aspect of regional modelling is to
delineate the boundary of a region. In addition, two other fundamental characteristics,

2 Conceptually the present value chain model is similar to the model developed by the Meat Research
Corporation and to the concept developed by Porter (1985).

® There are hundreds of papers written on different aspects of RED issues (Higgins and Savoie, 1988)
and a number of different methods and approaches are developed and used (Anderson, 1988).



notable from the above illustration, are used as the foundation of the industry value chain
modelling. One is the flow of inputs/ resources and outputs in and out of a region and the
other is the flow of inputs and outputs within a region.

Figure 1. A Regional Economic Structure
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4 The Model Structure and data requirement

Like a regional economic model an agri-industry value chain model is constructed by
delineating the boundary of the industry first and then by identifying the chain of value
adding stages of the industry. For example, in building a WA sheep meat industry model it
is necessary to define the boundary of the industry by asking questions about what are the
sectors to be included, through which the live sheep are slaughtered, processed and
marketed as meat and live animal.

The value chain describes the linkages by which farm produce is used as intermediate
inputs to produce different products for consumption and exports. The structure is broadly
divided into two components, farm and non-farm. The non-farm component is divided into
several sectors depending on the number of product transformation stages, analytical
requirements and availability of data.

Figure 2 is an example of the flow diagram for WA’s sheep meat industry*. Each box in the
diagram is considered as a value adding sector of the sheep meat industry. The arrows

* For details of the input-output flow of the industry sectors see the Appendix where the model of WA
sheep meat industry sectors are shown as an example.



indicate the flows of commodities and products (meat and meat by-products) among the
sectors within the industry.

Figure 2. The Western Australia Sheep Meat Industry

Sheep Meat

Farm Tannery Exports
Abattoir > W holsale

| l

Other meat
processing

Retail

\

By delineating the boundary of the industry, sectors identified in the flow diagram are
classified as ‘sectors within-industry’. Other sectors that are not identified but may supply
intermediate inputs to or buy final products from ‘sectors within-industry’ are classified as
‘sectors outside-industry’.

To estimate the industry’s valued added, it is necessary to estimate the flow values of
commodities and products within the ‘sectors within-industry’, as well as those flow values
between the ‘sectors within-industry’ and the ‘sectors outside-industry’. These transactions
are production costs that include: (i) input from sectors within-industry (IPW1), (ii) input from
sectors outside-industry (IPOI); and revenues that include: (iii) value of outputs sold to
sectors within-industry (OPWI) as intermediate goods, and the value of outputs sold to
sectors outside industry (OPOQI) as final sale.

The estimation is done by creating the transaction tables for each of the identified sectors
in a computer spreadsheet. In Figure 3, an overview of a value added spreadsheet
structure is presented as such an accounting table. Each of these accounting tables is
composed of six sections.

With the exception of the farm sector, Section | of the table includes the types and quantity
of intermediate products bought from previous stages of production sectors from within the
industry. For the farm sector, Section | includes type and quantity of farm production data.

Section Il (inputs from external sources) includes the quantity and price of inputs used from
outside the industry to produce or process the quantity of primary or intermediate products
in Section I. These include purchased inputs, wages, salaries, services, taxes, rents, and
interests.

Section 1 is linked with Section Il by the flow of quantity of primary product produced or the
intermediate products purchased in Section |I.

Section 1l includes the turn-off percentage and the proportion of the primary or the
intermediate products listed in Section I, which is converted/processed into different types
of intermediate and final products.

Section IV includes output conversion factors, which gives technical information about the
intermediate inputs listed in Section | to produce products listed in Sections V and VI (for



example, how much raw milk is needed to produce one kilogram of butter and other milk
products).

Figure 3. The Value Added Accounting Structure of a Sector
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Section V (output to other sectors) includes quantities and prices of intermediate products
produced in this sector. For example, the quantities and prices of cheese, butter and
flavoured milk produced by the processing sector and will move to the packaging sector,
are listed in Section V.

Section VI includes quantities and prices of products, listed in Section I, and go out of the
industry as final products. For example, if some cheese and/or butter produced in the milk
processing sector and directly sold to consumers, then they are listed in this section. Other
products which will not be processed or transformed further are also listed here.

A proportion of the outputs produced in Section V of a sector flow to Section | of
subsequent sectors of the industry as input. Therefore, Section V of the previous sector
establishes links with Section | of subsequent sectors.

The transaction values are captured by the following equations:

Total production cost equation for each sector within-industry (TC)

R X
TCS = Z Persr + zcstsr + Wstr + stsr + Vstr 1)

r= x=1

R
Where, Qg = Zer.

r=1

Qq Is the quantity of raw intermediate goods purchased from sectors within industry;



Ps is the purchase prices of Qg;

Cs is the cost of x™ purchased inputs per unit of (jsr processed,;

Ws , Ks , Vs respectively are wage, rents and interest paid per unit of (jsr processed.

The first argument in the RHS of equation (1) is the cost of raw intermediate goods Qs
purchased from sectors within-industry (estimated in IPWI table); the second argument is
the cost of purchased inputs x from sectors outside-industry; the third, fourth and fifth
arguments are respectively total wage, rent and interests paid in processing total quantity of
raw intermediate goods (estimated in IPOI table).

Product transformation equation

In each sector, the raw intermediate goods Q. , either individually or in combination
processed, are used to produce transformed intermediate Qg and/or final Qg . Therefore,
the product transformation equation can be expressed as follows:

R
Qsi &Qy = ¢zaersr )

r=1

Where, ¢ is the product transformation factor (e.g. amount of milk needed to produce 1kg
R

butter), o, is the proportion of Qg and Zaersr is therefore the total amount of Qg used
r=1

to produce intermediate Qg and/or final Q.

Total revenue equation for each sector within-industry (TRs)

| F
TRy =) PyQqi + Y Py Qg ®)

i=1 f=1
Where, Qg is the sale quantity of intermediate goods;
Qs is the sale quantity of final goods;
Psi is the prices of intermediate goods produced by sectors;

Pt is the prices of final goods produced by sectors.

The first argument in the RHS of equation (3) is the value of the revenue generated from
the sale of intermediate goods to other sectors within industry (estimated in OPWI table);
the second argument is the revenue received from the sale of final goods to sectors
outside-industry (estimated in OPOI table).

Finally, the industry’s value added can be derived using equations (1) and (3) as follows:

The industry’s value added (TVA)

S
TVA=Y TVA ()
=1

Where, TVA, =TR, —TC, +W,Q +ksQqr +VsQyr



4.1 Data requirement and data generation

Data for calculating equations (1) to (3) can be compiled from:

e Agricultural statistics published by the Australian Bureau of Statistics, e.g. ABS cat
no 7121.0 and 7125.0;
o Department of Agriculture and Food Western Australia (DAFWA) economic data on
commodity gross margins;
e |BISWorld Australia website;
e DAFWA officers and economists; and
o Personal contacts with industry experts.
The value chain model creates in the following resulting tables:
Sector and Sub-sector Table: These spreadsheets are the value added spreadsheets
described in Figure 3 above. These tables also include indices that are linked to all types of
costs, prices, and product transformation rates that appear in each individual value added

spreadsheet. Initial values of these indices are set to 1.0. A number of ‘scenario analyses’
can be carried out by changing the initial value of these indices.

Input-output Table: This table defines the proportion and quantity of outputs from each
sector, sub-sector flow to subsequent sectors. The table is directly linked with each
individual value added spreadsheet. Output from each sector’s spreadsheet is exported into
the matrix which determines the proportion of output flowing to subsequent sectors.

Output that flows from any value added spreadsheet to outside the industry and not to
subsequent sectors is shown in the input-output table as the final consumption or demand of
the industry output.

Value Chain Summary Table: The spreadsheet summarises the results that appear in the
individual value added spreadsheets. It also summarises the results of the scenario analysis
and enables interpretation of these results. In this spreadsheet value added charts for the
industry are displayed for easy and visual understanding of the impact of changes in
industry scenarios on the distribution of value added across the industry sectors.

5. An overview of the development and application of the model

Xayavong and Islam (2010) provide step by step details of the construction and application
of the value chain model using MS Excel VBA programming. In this section an overview of
the construction and application of the WA sheep industry value chain model is presented.

There are four steps for constructing an industry value chain model. The Microsoft Excel
application of the model is shown in Figure 4, which appears as the main menu.
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Figure 4. The Main Menu of a Value Chain Model
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Step 1: Identify sectors in the model

The first step is to identify sectors in the model by clicking the “Start Building Model”
button. This will take to the next section of the spreadsheet shown in Figure 5 where the
names of the sectors are to be identified and entered. In this sheet the sector names are
classified into three groups: (i) primary farming sector, (ii) wholesale and processing sectors
producing intermediate goods, and (iii) retail and export sectors where goods are finally sold
out from the industry. The sectors shown in columns A, B and C are respectively the sectors
modeled for the WA sheep meat industry.

Figure 5. Sectors of the WA Sheep Meat Value Chain Model
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Step 2: Identify commodities in the model
Once the entry of the sector names is finished, accounting spreadsheet for each of the

identified sectors will be created by clicking the ‘Enter’ button in Figure 6 and it will lead to
the “identify commodities sheet” as seen below in Figure 6.

11



Figure 6. Commodities of the WA Sheep Model
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In this sheet, the commodity names for three groups of sectors as identified in Figure 6
above are entered. The commodities of each sector are classified into four categories: (i)
commodity input or commodity purchases from sectors within industry, (i) input purchases
from sector outside industries, (iii) output sale to sectors within industry, and (iv) output sale
to sectors outside industries or final sale for domestic consumption and export.

It should be noted that the commodity list for each sectors classified as second and third
sectors are different from one to another. For example, the commodity input of abattoir
sector purchased from farming sectors are Wether & Hogget and Prime Lamb while that of
OMP sector purchased from abattoir sector are Boneless Meat, Offal and Other by
Products. These commodities lists for the entire second sector need to be regrouping
(union) and fill in column E. This is the same when you fill commodity list for the third sector.
The commodity list in columns C, E, G and | must be the same to ensure the consistent
mapping of commodity flow from one sector to other sectors.

step 3: Sector-wise data entry

Once you finish entry commodity names, click Enter button. Then commodity list will be
filed into four tables of the value chain model and the message box shown below will
appear.

=,

Microsoft Excel

The structure of value chain has been constructed successfully. Click OK to Start entering data

Following the instruction from the message box (click OK button) then it will lead you to the
farming sector sheet as seen in Figure 7 below. Note that the range (A1:AC25) are reserved
for the model calculation so avoid filling data in this range.
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Figure 7. Farming Sector Accounting Table of the Model
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The above three figures are the accounting table of farming sector. The top figure shows the
input or cost accounting tables (IPWI under dark A-G columns and IOPI under H-N
columns). The middle figure shows the output or revenue accounting tables (OPWI under O-
U columns and OPOI under V-AB columns). The bottom figure shows the output
transformation or turn-off rate of farming commodities (i) under AC-AL columns are the
proportions (in per cent) of farming commodities sold to other sectors, and (ii) under AM-AW
column are the transformation rate in percent of farming commodities. You need to fill the
guantity, prices, conversion factors, simulation coefficient, the proportion of commodity flows
and the product transformation rates in the column provided.

Step 4 : run the model

Once the data entry for all the sectors is complete, go to the main menu and click the Run
Model button. Once you click Run Model button it will take a while before you get the sheet
that show the summary result of value chain model. As shown in Figure 8.

Figure 8. Summary Results Sheet of the Model
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The model also provides the input-output table. To see this table, click 101 tab and scroll
down to row 210 (check balance). Zero entry in this row indicates the input-output table is
balanced.

15



5.2. Simulation Analysis

For simulation of the model for scenario analysis go to the main menu again as in Figure 9
(which is the same as Figure 5 above).

Figure 9. The Main Menu of a Value Chain Model
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Click Simulation Analysis button to start this task. Once you click it, the simulation analysis
window will appear as shown in Figure 10:

Figure 10. The Simulation window of the Model
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Use drop down box on the left of the window to select sector in the model (it shows ‘Farm’
for example), and select ‘sectors’ input-output options in the center to navigate through four
accounting tables of value chain model. In Figure 10, the IPWI of farm sector was selected.
Here you can change number of sheep stock (in F2) and the farm’s turn-off rate (in H2 to
J2). Click Run Simulation to see the result. That is you will see the summary result of value
chain and input output table as explained above. Figure 11 shows the simulation result of
changing the ‘Conv. Coef.’ (in D2) from the original 1 to .8 and reducing the live animal
export per cent from 15.4 (see J2) to 10.

Figure 11. The Main Menu of a Value Chain Model
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6  Summary and Conclusions

The value chain model is a computerised accounting tool. It is developed in computer
spreadsheets and structured to illustrate the product and financial flows which occur
throughout the industry. It provides an overview of the industry and the linkages between
the industry and other parts of the economy through the flow of relevant inputs and outputs.
The value chain model also specifies product-related information for each sector of the
industry including farms, wholesalers, retailers and exporters.

The regional economic modelling concept is used as its foundation. There are two
fundamental regional economic characteristics - one is the linkage of a region to other
regions in terms of the inflow and outflow of goods and services, and the other is the linkage
of different sectors in terms of the flow of goods and services within the region.

The value chain spreadsheet model is a simple, transparent and powerful analytical tool
which can provide key information to support a number of management and strategic
planning decisions, including budget allocation. The analysis of value added results can
reveal the relative importance and potential of an industry in an economy.
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The contribution of agriculture to an economy is often under-valued because value adding
beyond the farm-gate is not readily available and taken into account. The value chain model
can capture the final value of agricultural commodities by the time they are processed and
reach retail shelves in an economy or the rest of the world.

Each commodity value chain model can be utilised in two ways. Firstly, because the value
chain model provides an overview of all activities and products within the industry, it can be
used as a physical and financial description of the industry. Each model is descriptive and
can serve as a reference source. It highlights the basic structure and characteristics of the
commodities under the industry. Secondly, the model can be used as a research and
analytical tool and can complement other models for input-output and demand and supply
analyses. It can analyse the impacts on industry changes due to events external to the
industry, such as inputs and product prices, technologies, tariffs and exchange rates.

The value chain model however has some limitations. A few of these limitations are listed
below.

The model does not show the effect of changing production levels on prices.
It does not indicate the effects of price and cost changes on production.

e The development and data requirement of this model in some cases may require
involvement of a number of agencies and authorities at different levels.
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Appendix
Details of commodity Input-Output flow of WA Sheep Meat value chain model.

This appendix provides a detail of commodity flows from farm sector to non-farm
sectors such as manufacture (abattoir, meat processing, and tannery), wholesale,
retail and export. Commodities of each sector are classified into four groups and
listed in the bigger boxes: commodity input purchased from sectors within industry
(IPW1), commodity input purchased from sectors outside industry (IPOI), commodity
output sold to sectors within industry (OPWI) and commodity output sold to sectors
outside industry (OPOI). Sector names are in the smaller boxes.

As mentioned earlier, sectors are classified into three groups: (1) farming sectors, (2)
wholesale and processing sectors where intermediate goods are produced, and (3)
retail and export sectors where goods are finally sold out from the industry. The
following charts presents the mapping commodity flow for each sector in three
groups. While the ways of various commodities for each sector are present in the
same manner, there are a few exceptions as noted in the following:

The top left commodity box of farm sector includes farm’s commodities, while that of
second and third sectors includes the intermediate products bought from previous
stages of production sectors from within the industry.

Sheeps IPWI OPWI|Sheeps — -
i Primg lamb | Abattoir
Live animal export
Qsr Qsi |
Export live
animal
Pasture treatment )
Reapirs/Fuel /\Water
Animal Health Manure
Requisites
Shear/crutch/mark
Feed supplements
Purchase R Sectors
Transports Qo =Y Qqr- Qsf outside-
Wages = industy
Interests
Rents
Overheads IPOI OPOI

The bottom left commodity box includes commodity inputs purchased from outside
the industry to produce or process the primary or intermediate products. It also
includes wages, salaries, services, taxes, rents, and interests.
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The top right commodity box includes the sector’s intermediate products, while the
bottom right one include the sector’s products going out of the industry as final
products. Sectors in the second group may only have either OPWI commodity box or
both OPWI and OPOI commodity boxes, while sectors in the third group have only
the OPOI commodity box.
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