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Abstract

This paper proposes a conceptual framework to forecast supply chain demand in a collaborative manner
and ultimately to coordinate and integrate various supply chain partner management activities including pur-
chasing, production planning and inventory replenishment. This paper explains the collaborative forecasting
concept and framework, identifies benefits that can be achieved using collaborative supply chain forecasting,
and identifies potential obstacles to implementation.

Introduction

Marshall Fisher (1997) noted that a study of the U.S.
food industry estimated that poor coordination among
supply chain partners was wasting $30 billion annu-
ally. He further stated that supply chains in many other
industries suffer from an excess of some products and
a shortage of others owing to an inability to predict de-
mand accurately and in a timely fashion. Many forces
drive the need for the early exchange of reliable infor-
mation and improved supply chain forecasting in order
to eliminate waste. One of the most compelling rea-
sons today is the more intense nature of global com-
petition. A second force is the increasingly innova-
tive nature of products, or the length of the life cycle
and the duration of retail trends. In the apparel indus-
try, for example, the life cycle of some garments is six
months or less. Yet, manufacturers of these garments
typically require up-front commitments from retailers
that may exceed six months making long-term fash-
ion forecasts risky. It is imperative to get products to
market quickly; otherwise, lost revenues or markdown
prices will be experienced. A third force is the longer,
more complex supply chain given moves to offshore
production. International sourcing for many items has
lengthened the supply chain and cycle time. Long
lead times necessitate supply chain planning visibility.
A fourth force is the nature of the supply chain cost
structure. Global markets and more competitors are
likely to move the supply chain system towards uni-
versal participation by all supply chain members in an
effort to cut costs (Raghunathan, 1999). These driving

forces support the need to respond quickly and accu-
rately to volatile demand and other market signals.

Collaborative Supply Chain Forecasting Benefits

The early exchange of information between trad-
ing partners provides for longer term future views
of demand in the supply chain and an enhanced
ability to synchronize planning and execution. De-
mand visibility provides the potential for numerous,
substantial benefits. Benefits attributable to supply
chain initiatives utilizing a strategy to synchronize in-
bound/outbound materials management activities with
supply chain partners are well known and documented
with several being listed in Table 1.

Actual results of several collaborative supply chain pi-
lot initiatives highlight potential benefits of the pro-
posed collaborative supply chain forecasting frame-
work. The benefits for retailers include higher sales,
higher service levels (in-stock levels), and lower in-
ventories. Manufacturers have experienced similar
benefits plus faster cycle times and reduced capac-
ity requirements (Hill, 1999; Ireland and Bruce, 2000;
Schachtman, 2000; Wolfe, 1998). A Nabisco/Wegman
Foods collaborative planning, forecasting and replen-
ishment (CPFR) pilot study produced a supply chain
sales increase of 36-50% through a more efficient de-
ployment of inventory (Lewis, 2000; Loudin, 1999;
Schachtman, 2000). KPMG Consulting conducted a
poll of both retailers and manufacturers in 1998 con-
cerning the frequency and the benefits derived from
information exchange. Manufacturers cited significant
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improvements in cycle time and inventory turns. Re-
tailers indicated that order response times as short as
6 days for domestic durables and 14 days for non-
durables were being achieved. Four out of 10cited at
least at 10% improvement in both response times and
inventory turns. Forty-five percent cited reductions of
at least 10% in associated costs (Anonymous, 1998c).
In supply chain collaboration pilot tests conducted
with several vendors, Proctor and Gamble has experi-
enced cycle time reductions of 12–20% (Schachtman,
2000). Proctor and Gamble estimates greater supply
chain collaboration and integration will result in an
annual savings by the year 2005 of $1.5 to $2 billion,
largely reflecting the reduction in pipeline inventory
(Anonymous, 1998c).

In 1996, approximately $700 billion of the $2.3 trillion
retail supply chain was in safety stock (Lewis, 1999).
Supply chain inventory may be as great as $800 bil-
lion of safety stock being held by second and third tier
suppliers required to provide just-in-time delivery to
their larger customers (Hill and Mathur, 1999). Ac-
cording to the U.S. Department of Commerce, there is

$1 trillion worth of goods in the supply chain at any
given time (Ulfelder, 1999). Even a small reduction in
supply chain safety stocks is a sizeable dollar figure.
In the KPMG survey, 42% of respondents indicated at
least a 10% reduction in total inventory in the past 12
months (Anonymous, 1998c). According to published
reports, some companies have achieved 20–30% re-
ductions in inventory.

Almost immediately after its initial efforts to collab-
orate on supply chain forecasts, Heineken’s North
American distribution operations experienced a 15%
reduction in its forecast errors and cut order lead times
in half (Hill and Mathur, 1999). As order lead times
are lowered, order response time improves. Anecdo-
tal evidence has noted 15–20% increases in fill rates
and half the number of out-of-stock occurrences (Hill,
1999). Enhanced knowledge of future events (e.g.,
promotions and pricing actions), past events (e.g.,
weather related phenomena), internal events (e.g.,
point-of-sales data and warehouse withdrawals), and a
larger skill set gained from collaboration may all con-
tribute to enhance forecast accuracy (Lapide, 1999).

Table 1
Anecdotal Supply Chain Synchronization Benefits

Retailer (Customer) Benefits:

1. Increased sales

2. Higher service levels (in-stock levels)

3. Faster order response times

4. Lower product inventories, obsolescence, deterioration

Manufacturer (Vendor) Benefits:

1. Increased sales

2. Higher order fill rates

3. Lower product inventories

4. Faster cycle times

5. Reduced capacity requirements

Shared Supply Chain Benefits:

1. Direct material flows (reduced number of stocking points)

2. Improved forecast accuracy

3. Lower system expenses
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Supply chain forecast collaboration efforts should also
result in lower product obsolescence and deterioration.
Riverwood International Corporation, a major pro-
ducer of paperboard and packaging products, is work-
ing to establish collaborative forecasting relationships
with customers in order to make production schedul-
ing and inventory control less risky.

This company seeks to balance the need to stock up
on inventory for sudden demand surges against the
fact that paperboard starts to break down after 90 days
(Stedman, 1998a). With a higher degree of collabo-
ration and a timelier sharing of information between
retailer and manufacturer, greater stability and accu-
racy in production schedules result in making inven-
tory planning more accurate. Furthermore, as pro-
duction schedules more accurately reflect the needs of
the retailer to satisfy near term demand, reductions in
manufacturer capacity requirements are possible. The
benefits cited from these pilot programs as well the
supply chain synchronization strategy benefits noted
in Table 1 underscore the importance of the offered
framework to forecast supply chain demand. The fo-
cus of the proposed supply chain forecast framework
is to allow supply chain trading partners to operate in
a leaner, more responsive and competitive manner.

Collaborative Supply Chain Forecasting Frame-
work

During the past decade, there have been advancements

in technology allowing for real time capture of retail
level demand and the exchange of that demand infor-
mation across a supply chain. If shared, this informa-
tion offers the dual prospect of greatly reducing excess
inventories and enabling supply chain partners to stock
inventories of items which are needed to meet current
demands. Web-based communication is faster and is
available at a price more trading partners can afford.
It is well known that older communication techniques
such as mail, fax, or electronic data interchange are
slower, typically require a more error-prone manual
entering of identical data by both trading partners, may
be unaffordable by some supply chain trading partners,
and may be done in batch file transfer mode, which
also delays the exchange of information.

Current technologies offer supply chain partners the
ability to develop forecasts in a “pull” manner, namely
beginning with the point where demand occurs, at the
retail level and working back sharing information up-
stream through the supply chain. At the retail level,
point-of-sale (POS) technology can capture demand as
it occurs, data mining can detect the early onset of de-
mand trends, and CPFR can be used to communicate
demand information. These technologies can better
enable supply chain partners to share and agree upon
joint forecasts and to ultimately synchronize produc-
tion planning, purchasing, and inventory allocation de-
cisions across a supply chain. These technologies offer
an enhanced ability for supply chain trading partners
to operate in a lean manner.

Figure 1
Supply Chain with Retail Activities

Final AssemblyVendorVendorVendor Center

Tier 1Tier 2Tier 3 Fabrication and Distribution Retailer

Production Planning
and Purchase Information

Replenishment
Information

Forecast
Information

Note: Solid arrows represent material flows; dashed arrows represent information flows
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To date, the points of collaboration of many supply
chains have focused upon the synchronization of pro-
duction plans that commence with the original equip-
ment manufacturer (OEM) and integrate production,
purchase and shipping plans upstream. The exchange
of planning information on the outbound side of dis-
tribution as shown in Figure 1, from the OEM to the
retailer, has been largely overlooked. Evidence of
this abounds in today’s markets when financial ana-
lysts cite lack of future earnings visibility and exces-
sive inventory accumulations.

This information exchange should emanate from the
point at which demand actually originates. This is the
furthest downstream point in the supply chain, where
consumer demand actually occurs. It can be argued
that all other points where demand occurs simply rep-
resent purchase orders for inventory replenishment.
This suggests, in most instances, supply chain fore-
casts should originate at the retail level, as depicted in
Figure 1.

Ideally, since forecasts form the basis for all plan-
ning activities, then in a highly coordinated, tightly
integrated lean supply chain, collaborative forecasts
should drive all partner planning activities. The impor-
tance of timely, accurate forecasts cannot be overem-
phasized for products with long supplier capacity
reservation standards such as clothing, trendy items
with short life cycles such as toys, low margin items
such as foodstuffs, or long lead time items produced
overseas. For all of these items, time to market is crit-
ical.

Therefore, timely and accurate forecasts are key to
competitive success. Collaborative forecasts are capa-
ble of providing the benefits found in Table 1. Ideally,
the collaborative supply chain forecast would accom-
plish several objectives. It is imperative the approach
have characteristics of affordability, accuracy, timeli-
ness, flexibility, and simplicity. First, it should inte-
grate all members of the supply chain, including dis-
tribution and retail activities. The sharing of selected
internal information on a secure shared web server be-
tween trading partners can lower implementation costs
and increase accessibility. Second, as depicted in the
simplified supply chain of Figure 1, the origination

point of collaboration should be the retail level de-
mand forecast.

This can then be used to synchronize order replenish-
ment, production scheduling, purchase plans, and in-
ventory positioning in a sequential fashion upstream
for the entire supply chain. This will promote greater
accuracy. Third, a web-based exchange of information
can increase speed relative to older existing means of
communication. Fourth, flexibility can be enhanced if
it is able to incorporate a variety of supply chain struc-
tures and forecast procedures. In order to accomplish
the noted objectives, a five-step framework is proposed
and detailed below.

Step One: Creation of a front-end partnership
agreement.

This agreement specifies: (1) objectives (e.g., inven-
tory reductions, lost sale elimination, lower product
obsolescence) to be gained through collaboration, (2)
resource requirements (e.g., hardware, software, per-
formance metrics) necessary for the collaboration, and
(3) expectations of confidentiality concerning the pre-
requisite trust necessary to share sensitive company in-
formation, which represents a major implementation
obstacle.

Step Two: Joint business planning.

Typically partners identify and coalesce individual
corporate strategies to create partnership strategies,
design a joint calendar identifying the sequence of
planning activities to follow which affect product
flows, and specify exception criteria for handling plan-
ning variances between the trading partners’ demand
forecasts. Among other things, this calendar must
specify the frequency and interval of forecast collab-
oration. A 1998 pilot study conducted between Weg-
man Foods and Nabisco to develop weekly collabo-
rative forecasts for 22 Planters Peanut products took
approximately five months to complete steps one and
two (Stedman, 1998b).

Step Three: Development of demand forecasts.

Forecast development should allow for unique com-
pany procedures to be followed affording flexibility.
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All supply chain participants should generate indepen-
dent forecasts allowing for explicit recognition and in-
clusion of expert knowledge concerning internal op-
erations and external factors. Given the frequency of
forecast generation and the potential for vast numbers
of items requiring forecast preparation, simple fore-
cast techniques easily used in conjunction with expert
knowledge of promotional or pricing events or other
factors to modify forecast values accordingly could be
used. Retailers must play a critical role as shared POS
data permits the development of accurate and timely
expectations (compared with forecasts based upon ex-
trapolated warehouse withdrawals or aggregate OEM
orders) for both retailers and vendors (Lewis, 1999).

Hierarchical forecasting (HF) provides the structure of
the proposed framework for including all supply chain
partners in the collaborative pull forecast process. HF
has been shown to have the ability to improve fore-
cast accuracy and support improved decision-making
within one firm (Fliedner, 1989). To date, several stud-
ies have offered practical guidelines concerning sys-
tem parameters and strategic choices, which allow for
custom configurations of HF systems within a single

firm (Fliedner, 2001, 1999; Fliedner and Lawrence,
1995; Fliedner and Mabert, 1992). HF is able to
provide decision support information to many users
within a single firm, each representing different man-
agement levels and organizational functions (Fliedner
and Mabert, 1992). Consequently, HF is increasingly
being commercially offered as an integral framework
of the enterprise resource planning (ERP) systems.

Initial applications of the HF approach have been used
to provide forecast information based upon a strat-
egy of grouping items into product families, similar
to the example depicted in Figure 2. The typical firm’s
product line possesses a similar arborescent structure
shown in this figure. As depicted in Figure 3, the typ-
ical supply chain also possesses a similar arborescent
structure with upstream nodes typically supplying in-
ventory to multiple downstream nodes. Therefore, ex-
tending HF to an arborescent supply chain structure in
order to provide the pull forecast framework is readily
done. Consequently, improved forecast accuracy and
greater support for improved decision-making across
many firms should be attainable.

Figure 2
L.L. Bean’s Product Line Hierarchical Structure∗

Merchandise groups Demand Centers Item Sequences Items (Colors)

Men’s Accessories

Women’s Accessories knit shirts

Men’s Apparel Pants Midnight Mesa
Handknit cardigans

azure

Women’s Apparel sweaters Lambswool turtleneck Heather

Men’s Footwear skirts Indian Point pullovers eggshell

Women’s Footwear jackets etc. etc.

Camping Equipment pullovers

etc. etc.
∗Source: Schliefer, Jr., A. (1992). ”L. L. Bean, Inc.: Item Forecasting and Inventory Management,” Harvard

Business School Case (9-893-003).
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Figure 3
Example Supply Chain Arborescent Structure

Upstream
Suppliers

Downstream
Customers

Upstream
Suppliers

Downstream
Customers

Note: Solid arrows represent material flows; dashed arrows represent demand and forecast information flows;
all nodes and links not depicted

Figure 4
Example Multiechelon Supply Chain Structure

Echelon: 2Echelon: 1 Echelon: 3
Aggregated

OEM Demand
Distributor j’s

Semi-Aggregate Demand
Retailer k’s

Demand
Note: dashed arrows represent demand and forecast informationflows.

As demand information is shared upstream in the sup-
ply chain, HF provides a convenient structure for ag-
gregating downstream demands and subsequently as-
sisting the development of collaborative supply chain
forecasts. The process may be best explained by a
simplified illustrative example using a multiechelon

supply chain structure comprised of a single original
equipment manufacturer (OEM), m distributors, and n
retailers, as depicted in Figure 4. A simplified numeri-
cal example of process steps three and four is provided
in the Appendix.
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As with HF, the proposed process begins with
“bottom-up” demand aggregation. Beginning at the
furthest downstream (retail) point, captured demand
for customers across echelon three is aggregated up to
the distributor. This process is successively repeated
for each echelon comprising the multiechelon struc-
ture. Web-based technology enables real-time posting
of supply chain exchange partners’ demand values on
a secure, shared web server to accomplish the demand
aggregation process. For each of n retailers compris-
ing echelon 3, identify item i demand supplied by dis-
tributor j and inventoried by retailer k in period t is
simply identified as:

Di, j,k,t, k = 1 to n. (2)

Then, in succession, for each distributor j comprising
echelon 2, define item i’s semi-aggregated period t de-
mand, Di, j,t, as the contemporaneous sum of n retailer
time series as:

Di, j,t = ΣkDi, j,k,t, k = 1 to n. (3)

In likewise fashion, for the OEM of echelon 1, define
item i’s aggregated period t demand, Di,t, as the con-
temporaneous sum of m distributors’ time series as:

Di,t = Σ jDi, j,t, j = 1 to m. (4)

After demand aggregation is performed, a second step,
forecast generation, takes place. A forecast for each
item i for any participant in echelon e is determined
for any future period p, Fi, e, t+p. This is done by each
firm for all items comprising its product line. These
forecasts are referred to as “direct” forecasts as the
respective demand time series for each item may be
used to directly determine it. Within commercial HF
systems, simple averaging techniques are often used to
determine these direct forecasts due to the large num-
ber of items and the frequency of forecast generation.
Through manual intervention, these direct forecasts
may reflect expert knowledge concerning internal op-
erations and external factors.

The typical supply chain consists of many echelons.
Therefore, this two-step process of aggregation and
forecast generation is repeated for each echelon in se-
quential fashion upstream through the supply chain
until a direct forecast of company-wide demand is de-
termined for all participants in any multiechelon sup-
ply chain structure.

Step Four: Sharing forecasts.

The downstream customer (order forecasts) and up-
stream vendor (sales forecasts) then electronically post
their respective independently-generated forecasts for
a list of products on a dedicated server. At this
point, consensus forecasts between trading partners
are not likely to exist given the independent forecast
development of the bottom-up process. Therefore,
through collaboration the direct forecasts are subse-
quently used within a “top-down” process in order to
derive consensus forecasts between supply chain part-
ners and throughout the supply chain. In the “top-
down” process, with the exception of the top-most
level, an operational forecast for any item is deter-
mined by prorating the forecast determined at the im-
mediate upstream (parent) echelon. These forecasts
are referred to as “derived” forecasts as immediate
downstream (child) echelon forecasts are ultimately
derived from parent forecasts. The process begins with
the direct forecast of the aggregate OEM demand (ech-
elon 1, Figure 4) determined as the last step in the
bottom-up process. It is used to determine derived
child forecasts (echelon 2, Figure 4) with a proration
procedure.

Muir (1979) identifies the rationale supporting the use
of the top-down step of HF to derive operational fore-
casts for each supply chain member within the pro-
posed framework. Muir argues that there is a stabiliz-
ing effect from combining demand data of two or more
homogenous items. This rationale may best be ex-
plained by a simple numerical example. Assume four
items each have an identical sales pattern of 100 units
of average monthly demand with a standard deviation
of 10. Let these four items comprise a family. Assum-
ing normal and independent demand distributions, the
statistical values for the family may be calculated, as
shown in Table 2. As shown, the standard deviation of
monthly or annual demand is proportionately smaller
for a family of four items than for the individual item.
Fliedner (1989) concluded that HF does provide for
improved forecast accuracy within a single firm due
to this stabilizing effect. However, attainment of im-
proved supply chain forecasts will be situation depen-
dent.
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Table 2
Item versus Family Demand Patterns

Demand statistic Item Family

Monthly Demand 100 units 4(100) = 400.00 units

Monthly Demand Standard Deviation 10 units
√

4(102) = 20.00 units

Annual Demand 12(100) = 1.200 units 12(100)4 = 4.800 units

Annual Demand Standard Deviation
√

12(102) = 34.64 units
√

12(102)4 = 69.28 units

Gross and Sohl (1990) demonstrate several proration
procedures. These authors examined 21 different dis-
aggregation (proration) techniques within a two-level
HF system structure. One common approach cited
multiplies the parent echelon forecast by the ratio of
respective subaggregate child demand over aggregated
parent item demand. For example, within echelon 2,
distributor j’s operational demand forecast for item i
may be derived from its vendor’s (OEM) demand fore-
cast as:

Fi, 2, t+p = Fi, 1, t+p(Di, j, t/Di, t). (5)

This procedure yields a “derived” consensus of expec-
tations between the OEM and its distributors in the
sense that the sum of all distributors’ forecasts for ech-
elon 2 would equal the echelon 1 forecast. However,
it neglects explicit recognition and inclusion of expert
knowledge concerning internal operations and exter-
nal factors of the distributor. At this point, the dis-
tributor would compare its corresponding direct fore-
cast with its derived forecast for variance. An excep-
tion notice would be issued for any forecast pair where
the difference exceeds a pre-established safety margin
(e.g., 5%). If the safety margin is exceeded, plan-
ners from both firms may collaborate electronically to
derive a consensus forecast used ultimately for cus-
tomer planning and for further downstream collabo-
ration thereby affording the ability to recognize each
trading partner’s individual expert knowledge.

This process is then repeated downstream through
the hierarchical multiechelon structure for the num-
ber of echelons that define the supply chain structure.

Namely, an echelon 3 member’s forecast for item i
may be derived from its vendor’s demand forecast as:

Fi, 3, t+p = Fi, 2, t+p(Di, j, k, t/Di, j, t). (6)

One consequence of the top-down proration process is
that the resultant sum of r subaggregate forecasts equal
the aggregate forecast between any two adjacent sup-
ply chain echelons. For any echelon e, this may be
defined as:

Fi, e, t+p = Σ jFi, e+1, t+p for j = 1, . . . , r, (7)

where r is the total number of immediate downstream
children.

Resultant forecasts of this HF process are consistent
with forecasts at either a higher or lower echelon lev-
els, as shown in equation (6). It is these derived fore-
casts determined in the top-down process that are used
for planning and execution. Given the number of in-
dividual product forecasts, a rules-based system re-
sponse system will ultimately be needed in order to
accommodate the large number of potential exception
messages (Verity, 1997).

Step Five: Inventory replenishment.

Once the corresponding forecasts are in agreement, the
order forecast becomes an actual order, which com-
mences the replenishment process. Each of these steps
is then repeated iteratively in a continuous cycle, at
varying times, by individual products and the calen-
dar of events established between trading partners.
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It has been suggested that partners review the front-
end partnership agreement annually, evaluate the joint
business plans quarterly, develop forecasts weekly to
monthly, and replenish daily (Schenck, 1998a).

Obstacles to Collaborative Supply Chain Forecast-
ing Implementation

No discussion of a proposed new framework would be
complete without recognition of anticipated barriers

Table 3
Expected Barriers to Supply Chain Forecasting Implementation

1. Lack of trust and loss of control in sharing sensitive information

2. Lack of internal and external forecast collaboration interest

3. Availability and cost of technology/expertise

4. Fragmented information sharing standards

5. Aggregation concerns (number of forecasts adn frequency of generation)

6. Fear of collusion

7. Inexperience/Lack of skills at retail level

to implementation. As with most new corporate ini-
tiatives, there is skepticism and resistance to change.
Several of the anticipated obstacles to implementation
are noted in Table 3 and discussed below.

One of the largest hurdles hindering collaboration is
the lack of trust over complete information sharing
between supply chain partners (Hamilton, 1994; Sted-
man, 1998a; Stein, 1998). The conflicting objective
between the profit maximizing vendor and cost min-
imizing customer gives rise to the adversarial sup-
ply chain relationship. Sharing sensitive operating
data may enable one trading partner to take advan-
tage of the other. Similarly, there is the potential
loss of control as a barrier to implementation. Some
companies are rightfully concerned about the idea of
placing strategic data such as demand forecasts, fi-
nancial reports, manufacturing schedules or inven-
tory values online. Companies open themselves to
security breaches (Stein, 1998). However, in a sur-
vey of 257 U.S. manufacturing and service compa-
nies, AMR Research found only 16 percent of respon-
dents that are established participants in a business-
to-business trading exchange cite security and trust
problems (D’Amico, 2000). Furthermore, a 1998
study conducted by KPMG Consulting found 96% of

retailers already sharing information regularly with
their suppliers with almost half sharing information
with manufacturing partners on a daily basis (Anony-
mous, 1998c). The front-end partnership agreements,
nondisclosure agreements, and limited information ac-
cess may help overcome these fears. The cost savings
with a lean supply chain will clearly help too.

A second hurdle hindering collaboration is a cultural
stumbling block. An unprecedented level of inter-
nal and external cooperation is required in order to
attain the benefits offered by collaboration. Given
that demand may be forecast many ways (e.g., by
stock-keeping unit, product class, vendor, customer lo-
cation, etc.), the various functional disciplines such
as marketing, operations and finance of many firms
have traditionally maintained separate demand fore-
casts and financial figures (Schachtman, 2000). As
a result, internal forecasts are frequently conflicting
(Tosh, 1998). The plans derived from these forecasts
are typically not synchronized internally and this in-
consistency leads to planning decisions reflecting dif-
ferent expectations of the same business activity. The
magnitude of the problem of inconsistent forecasts is
exacerbated when analyzing trading partner forecast
consistency. There is the potential for a large num-
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ber of pairs of inconsistent trading partner forecasts,
which leads users to carry large buffer stocks given
the demand uncertainties. Internal cooperation among
the various functional disciplines needing forecast in-
formation for planning purposes is required. This
represents a common cultural obstacle. A Business-
Week/Boston Consulting Group survey of senior man-
agers identified the second biggest barrier to innova-
tion is a lack of coordination (McGregor, 2006). How-
ever, if departments are not collaborating for a single-
number demand forecast, there is no sense in trying to
collaborate with trading partners (Hill, 1999). Specifi-
cally, internal operations need to be synchronized first.
Then, collaboration among trading partners may be
pursued. Without internal collaboration, the entire
forecast process is undermined.

Similarly, there must be external cooperation and a
certain degree of compatibility in the abilities between
supply chain trading partners (Abend, 1998). The
availability and cost of technology, the lack of tech-
nical expertise, and the lack of integration capabilities
of current technology across the supply chain present
barriers to implementation (Schenck, 1998b). The de-
mand forecasting process design must integrate quan-
titative skills and methods with qualitative assessment
by using a collaborative process that cuts across busi-
ness functions, distribution channels, key customers,
and geographic locations (Chase, 1998). Collabora-
tion ensures all supply chain planners are utilizing the
same internally and externally consistent forecast.

The necessary “bandwidth” and the associated relia-
bility of technology is also a potential barrier, as some
companies may not have the network infrastructure
to support the large number of potential new users.
However, if the necessary trust in the relationship can
be developed, synchronizing trading partner business
processes with consumer demand need not be overly
time consuming nor costly (Sherman, H. D. and Gold,
F, 1985). In order for this to be possible, emerging
standards need widespread adoption as opposed to nu-
merous, fragmented standards Verity (1997).

Widespread sharing and leveraging of existing infor-
mation across functions within an organization and be-
tween enterprises comprising the supply chain may be

possible. Common emerging standards will be neces-
sary to promote collaborative supply chain forecast-
ing. Attaining a “critical mass” of companies will-
ing to adopt these standards will be important in de-
termining the ultimate success of collaborative prac-
tices. The cost of establishing and maintaining col-
laborative processes without common interfaces limits
the number of trading partner relationships each par-
ticipant is willing to invest in (Sherman, H. D. and
Gold, F, 1985). However, as the ability to collabo-
rate is made easier, the number of supply chain trading
partners wanting to collaborate will increase.

An additional obstacle to adoption and implementa-
tion concerns two aspects of data aggregation: the
number of forecasts and the frequency of forecast gen-
eration (Abend, 1998; Stedman, 1998b). Bar code
scanning provides retailers the technology to forecast
POS data by store whereas suppliers typically fore-
cast orders at point of shipment such as the ware-
house. The POS store data is more detailed as it rep-
resents daily shelf-level demands for individual stores.
Point of shipment data represents the aggregate of all
stores served by one warehouse, typically measured
over a longer interval of time, such as a week. In the
Wegman Foods/Nabisco pilot study, 22 weekly fore-
casts for individual products were developed collabo-
ratively. In a full-blown collaboration for store-level
planning, the number of daily collaborative forecasts
would increase to 1,250 for Planters Peanuts alone
(Stedman, 1998b). It is not uncommon for large re-
tail stores to stock 75,000 or more items, supplied by
2,000 to 3,000 trading partners (Hickey, 1999). This
obstacle must be coupled with the vast potential ex-
ception reporting given the large number of items to
exchange information, which exacerbates this imple-
mentation obstacle. A variety of scenarios may be
offered leading to exception reports (Katz and Han-
nah, 2000). Given the frequency of forecast variance
review and the large number of potential exceptions
that may occur, a rules-based approach to automat-
ically resolve trading partner forecast variances will
be required. In the development of collaborative fore-
casts, these aggregation concerns will need to be re-
solved. One means to synchronize business processes
and overcome these obstacles is reliance upon the HF
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approach Fliedner (2001).

An additional obstacle to implementation focuses on
the fear of collusion leading to higher prices (Verity,
1996). It is possible that two or more suppliers or
two or more retailers may conspire and share infor-
mation harmful to the trading partner. Frequently this
fear arises when the item being purchased is custom
made or possessing a proprietary nature, making it less
readily available. Long-term supplier partnerships be-
tween mutually trustworthy partners reduce the poten-
tial for collusive activities.

A final potential obstacle to implementation recog-
nizes the important role retailers must play in the
process. However, in many industries, the employee
turnover rate at the retail level coupled with its con-
sequential impact on the experience and skill sets of
retail employees may result in an important barrier to
implementation efforts. However, with all of the bar-
riers to implementation, success encourages adoption.
Anecdotal evidence of the tremendous potential bene-
fits cited in Table 1 attributable to collaborative supply
chain forecasting will overcome these adoption barri-
ers.

The Future of Collaborative Supply Chain Fore-
casting

Many companies are beginning to use their intranet
to enhance collaboration of internal processes (Dalton,
1998) with Enterprise Resource Planning (ERP) sys-
tems. ERP systems are increasingly being used to pro-
vide the interconnected transaction foundation among
the various planning systems comprising a company’s
intranet (Joachim, 1998). ERP permits an automatic
transference of customer demand forecasts into a va-
riety of corporate intranet planning modules. These
advanced decision-support and enterprise execution
systems largely focus on integrating and optimizing
cross-functional, intra-organizational planning activi-
ties and transactions.

While ERP is being used successfully to standard-
ize the internal financial and transactional processing
needs of an organization, the next step is engaging
distributors in partnerships using Internet technolo-
gies to standardize external financial and transactional

processing needs. Although, ERP does not presently
address interenterprise collaborative efforts, the pro-
posed collaborative supply chain forecasting frame-
work does.

Several approaches are being investigated to enhance
collaborative relationships by way of extranets among
supply chain partners (Joachim, 1998). Many of these
efforts are based upon “middleware” software, which
is used to bridge the gap and facilitate interenterprise
collaboration and synchronize trading partner busi-
ness processes (Schachtman, 2000). Presently, there
are numerous ERP vendors, several of which offer
software capable, to varying degrees, of integrating a
customer demand forecast into a production planning
module (Harrington, 2000). Some of these vendors are
also emerging with an applications hosting business,
whereby collaborative forecasting and planning setups
for groups of users are offered. These new services are
aimed at retailers and manufacturers that want to be-
gin to use the Internet to exchange business data for
collaborative purposes (Stedman, 1999).

Collaborative supply chain forecasting in conjunction
with ERP may be used to provide the interconnected
transaction foundation among the various planning
systems via the Internet. In a research survey con-
ducted by InformationWeek of 200 Information Tech-
nology executives currently using or deploying ERP,
52 percent of the respondents indicated current in-
volvement or future plans to create a business sup-
ply chain using ERP software (Stein, 1998). This
system would enable suppliers, partners, distributors,
and even consumer’s real-time access to the ERP sys-
tem via an extranet. Specifically, supply chain par-
ticipants utilizing the proposed forecasting framework
would be able to connect ERP planning systems via
the worldwide web.

The future evolution of the proposed idealistic frame-
work will permit an automatic transference of supply-
chain partner demand forecasts into vendor produc-
tion schedules, accounting (accounts receivable and
payable), human resource requirements, and supply-
chain planning applications such as the warehousing
and inventory control applications of ERP systems.
The next logical step in the development of the pro-
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posed framework is the interenterprise integration of
various ERP system planning activities. Benefits to
be realized for all participants will include the mit-
igation of the supply chain bull-whip effect through
better collaboration, increased sales, lower operational
costs, higher customer service levels and reduced cy-
cle times, among a host of others.
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Appendix
The simplified numerical example below portrays
steps three and four of the collaborative supply chain
forecasting process. Assume a simplified supply chain
consisting of three echelons similar to the supply chain
structure previously portrayed in Figure 4. For sim-
plicity, assume five retailers, two distributors and one
OEM, as shown in Figure 5. Unit forecasts and de-
mands are assumed throughout this example.

Development of direct demand forecasts: Demand
aggregation

Demand aggregation is performed for each node in the
multiechelon supply chain following equations (1) –
(3). This part of the process begins with a posting of
retailer’s demands on a shared web server between the
retailer and its distributor. In kind, distributors post
semi-aggregated demands on a shared web server with
the OEM. Assume demand values portrayed in Fig-
ure 5.

Figure 5
Example Multiechelon Supply Chain Structure with Demands
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Figure 6
Direct Multiechelon Supply Chain Forecasts
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Figure 7
Derived Multiechelon Supply Chain Forecasts
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Development of direct demand forecasts: Forecast
generation

A forecast for each item i for any participant in the
multiechelon structure is then determined for any fu-

ture period p (Fi, e, t+p). This is done for all items com-
prising a firm’s product line. These forecasts are re-
ferred to as ”direct” forecasts as the respective demand
time series for each item may be used to directly de-
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termine it. Within commercial HF systems, simple av-
eraging techniques are often used to determine these
direct forecasts due to the large number of items and
the frequency of forecast generation. Assume the di-
rect, independent forecasts generated (using Figure 5
demand values) are as depicted in Figure 6.

Development of derived demand forecasts: Sharing
forecasts

Once the direct, independent forecasts depicted in Fig-
ure 6 have been developed, these are also posted on
the dedicated shared web servers between trading part-
ners. At this point, consensus forecasts between trad-
ing partners have not been achieved. Therefore, the
direct forecasts are subsequently used within the top-
down process in order to derive consensus forecasts.
A operational planning forecast for any item is deter-
mined by prorating the forecast determined at the im-
mediate upstream (parent) echelon. The process be-
gins with the direct forecast of the OEM. It is used to
determine ”derived” child forecasts with the proration
procedure of equation (4). Following this procedure

yields the forecasts portrayed in Figure 7.

Development of derived demand forecasts: Vari-
ance checking

At this point in the development of derived demand
forecasts, consensus of expectations between trading
partners now exists. However, it neglects explicit
recognition and inclusion of expert knowledge con-
cerning internal operations and external factors. At
this point, each partner would compare its correspond-
ing direct forecast, which reflects the expert knowl-
edge, with its derived forecast for variance. An ex-
ception notice would be issued for any forecast pair
where the difference exceeds a pre-established safety
margin (e.g., 5%). As noted above, for one retailer,
an exception notice would be issued given the size of
the forecast variance. Noting that the safety margin
is exceeded, planners from both firms may collaborate
electronically to derive a consensus forecast used ul-
timately for customer planning and for further down-
stream collaboration.
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