
THE BENEFITS OF INFORMATION 
SHARING IN A SUPPLY CHAIN: AN 

EXPLORATORY SIMULATION STUDY1,2 
 

 
Tonya Boone  

PO Box 8795, School of Business 
College of William and Mary 

Williamsburg, VA 23185. 
757-221-1825 

Tonya.Boone@business.wm.edu 
Web: ht tp: / / facul ty.wm.edu/Tonya.Boone 

 
 

Ram Ganeshan 
 

PO Box 8795, School of Business 
College of William and Mary 

Williamsburg, VA 23185. 
757-221-1825 

Ram.Ganeshan@business.wm.edu 
Web: ht tp: / /business.wm.edu/Ram.Ganeshan 

 
 

 
Alan J. Stenger 

 
The Smeal College of Business Administration 

Penn State University 
509 Business Administration Building I 

University Park, PA  16802. 
Phone: (814) 865-3923 

Email :  a j s@psu.edu 
 

                                                           
1 All results and ideas in this Chapter are based on the original unabridged College 
of William & Mary working paper:  Boone, T., Ganeshan, R., and Stenger, A. J. 
(2000),“The Impact of Information Sharing Initiatives on Supply Chain 
Performance: A Simulation Study.” 
2 The authors would like to thank the participants of the Frank Batten Young 
Scholars Program for their valuable input. 

mailto:Ram.Ganeshan@business.wm.edu
http://business.wm.edu/Ram.Ganeshan
mailto:Ram.Ganeshan@business.wm.edu
http://business.wm.edu/Ram.Ganeshan
mailto:ajs@psu.edu


1. Introduction 

 
A supply chain is a network of firms, activities, organizations, and technologies that 
performs the functions of procurement of material from vendor firms, 
transformation of this material into intermediate and finished products and the 
distribution of these finished products to customers. It is often easy to identify a 
supply chain in a manufacturing enterprise, although the complexity of the chain 
may vary from industry to industry or even company to company. As an example, a 
wine producer has several sets of suppliers, with its vineyards, bottlers, cork and 
carton manufacturers and so on. These firms ship to the winery. Once the wine has 
been made and aged, the winery supplies a set of customers, consisting of retailers, 
pubs, hotels, wine-bars, as well as the ultimate consumers ordering via the Internet. 
In the book publishing industry, Barnes and Noble uses more than 20,000 suppliers, 
consisting of major publishers to small University presses, to stock over one million 
books at their Jamesburg, NJ distribution center. The distribution center replenishes 
the retail locations daily based on point of sale data that was transmitted by the 
store. On the other hand, Barnes and Nobles Internet fulfillment center (bn.com) 
stocks and replenishes over one million books for immediate delivery to the 
customer. 
 
As the above examples indicate, a supply chain consists of a number of entities 
interacting with each other in complex ways. A supply chain could have vendors, 
International Purchasing Organizations (IPOs) to procure raw material; a variety of 
transportation options to ship them; numerous ways to produce the product; and 
finally several channels to distribute the product.  Any firm can do some or all of 
these operations in-house or decide to outsource them typically to Third party 
logistics (3PL) providers. One can also imagine the innumerable number of flows 
within and across these entities – the flow of product from the supplier organizations 
to the point of sale; the flow of information between supply chain entities such as 
orders, tracking requests, etc.; there are cash flows including invoice preparation 
and transacting payments; there are process and work flows that manage operations 
between these entities; and finally intra-firm collaborative teams constitute the 
people flows in the supply chain.  
 
Research in managing many of the flows described -- popularly referred to as supply 
chain management (SCM) -- has grown exponentially over the last decade. If one 
culls out the various research streams in SCM, they align themselves in one of five 
broad categories: (i) competitive strategy, (ii) costs and benefits of information 
sharing, (iii) managing product variety (via product postponement), (iv) supply 
contracts, and (v) the economics and logistics of network location and optimization 
(for a comprehensive review of the literature, see Ganeshan et. al., 1998). Our 
emphasis in this research is to study the importance of information sharing in a 
complex supply chain. Specifically, as ensuing sections will describe, our supply 
chain consists of four echelons with many entities in each echelon: the supplier, the 
plant, the distribution centers, and retail outlets. Within this framework we study 
through a simulation if collaborative planning, be it for forecasts, production plans, 
or replenishment between pre-determined entities of the supply chain produces 
value to the firm, the customer, and ultimately to the shareholder. 
 
Clearly the idea of supply chain management is to view the chain as a total system, 
and to fine-tune the decisions about how to operate the various components (firms, 
functions, technologies, and activities) in ways that produce the most desirable 
overall system performance in the long run. Doing so is extremely difficult due to 



the number and complexity of the decisions to be made, as well as the inter- and 
intra-organizational issues that must be addressed. Herein lies the dilemma for 
today’s researchers. Should one model the complexity of the realistic supply chain? 
Doing so will, in all certainty, make the problem at hand intractable. On the other 
hand, one can simplify the models to get some key insights but run the risk of 
diluting the richness of the model to such an extent that it cannot be extrapolated to 
“realistic” scenarios. Simulation provides the right middle ground to analyze such 
complex models. Although simulating the supply chain we are about to describe in 
this paper is quite a difficult task, it nevertheless provides with a tool to analyze the 
impact of relevant parameters on supply chain performance.  
 
The bulk of SCM research on the costs and benefits of information sharing, at least 
in the operations management realm, study it from a myopic perspective. 
Specifically, since modeling the entire gamut of entities in the supply chain -- i.e., 
from the suppliers to the end customers—is intractable, researchers often resort to 
stylistic models to study the costs and benefits of information sharing. The supply 
chain structure typically consists of arborescent structures typically limited to two-
echelons, a system of order transmission between these echelons (such as the 
reorder point system), and a simple, often inventory-related cost structure that 
encompasses the two echelons. The results and insights are often studied within 
these stylized environments (for a good overview on the modeling approaches see 
Tayur, Ganeshan, and Magazine, 1998, pages 337-465). Although such models are 
very practical, and are effective in providing insight into inventory-related supply 
chain performance, their primary shortcoming arises from the fact that their results, 
barring a few exceptions, cannot be easily extrapolated to realistic supply chains. 
Our objective in this Chapter is to evaluate the value of information sharing, 
especially through simulating emerging supply chain initiatives such as 
Collaborative, Planning, Forecasting, and Replenishment (CPFR), in a realistic 
supply chain. We base our analysis and our results from data collected from a 
Fortune-500 company. This Chapter, in addition to simulating CPFR in realistic 
situations using realistic data, is unique in two other ways: one, we use the three key 
dimensions of supply chain performance oft-cited in the literature but seldom used 
together – customer service, time, and shareholder wealth. Second, as the 
methodology section will illustrate, our simulation includes most of the relevant 
costs and constraints, and captures the essential elements of product, information, 
and cash flows in a typical fast-moving consumer-goods supply chain. 
 
The remainder of this Chapter is organized the following way. In section 2, we will 
present the research hypothesis and the relevant performance measures we will be 
using. Section 3 describes our data, Section 4 the supply chain simulation and the 
methodology, and finally in section 5 are our discussion and conclusions. 
 

2. Research Hypothesis and Performance Measures 

 
Research on information sharing in the supply chain was initiated by Forrester 
(1961) who demonstrated that information in a supply chain, as orders, propagates 
upstream with increased volatility. Recently Lee, Padmanaban, and Whang (1997a 
& b) have christened this phenomenon the "Bullwhip" effect. The bullwhip effect 
has the negative impact of increased inventory levels or large stock-outs for SKUs 
whose demands are volatile at the customer level. In an effort to curb the bullwhip 
effect, and to improve working capital efficiency, several firms have initiated 
programs that work towards sharing forecast and other planning information (for a 
discussion see Lee, Padmanaban, and Whang, 1997a). The premise, of course, is 



that centralizing demand information will make all plans in the supply chain react to 
the same data, mitigating the bullwhip effect (Chen et. al., 1998) and improving 
working capital efficiency. One example of such an information-sharing initiative is 
Vendor Managed Inventory (VMI). Under this initiative, the supplier or vendor is 
empowered to monitor and eventually replenish the customer's inventory according 
to pre-determined contractual agreements. Specific company examples include 
Barilla SpA (see HBS Case: 9-694-046) where inventory levels substantially 
reduced while maintaining high item-fill rates. Clark and Hammond (1997) show 
that the use of VMI in Campbell Soup has provided better performance gains. An 
example of vendor managed inventories in the grocery and consumer products 
industry commonly referred to as Continuous Replenishment Programs (CRP) is 
Pillsbury. The frozen foods division of Pillsbury maintains and monitors product 
and inventory flows to downstream retailers such as Kroger and HE Butt (Long, 
1999), enhancing inventory performance.  
 
Efficient Customer Response (ECR) is another initiative to reduce volatility and 
uncertainty, primarily in the grocery industry. A key idea in ECR, in addition to 
reengineering the order management processes, involves sharing point-of-sale data 
between various links in the supply chain, enabling better replenishment, assortment 
planning, product introductions and promotions. Sharp and Hill (1998) estimate that 
ECR could potentially save more than 6% of sales in logistics costs and around 41% 
reduction in inventories for the grocery industry. Several other industries have 
adapted ECR to fit their unique needs: quick response (QR) in the apparel industry; 
efficient foodservice response (EFSR) in the foodservice industry; and efficient 
health consumer response (EHCR) in the medical/hospital supplies industry. All 
these initiatives have a common theme – share real-time information to improve 
working capital efficiencies and speed the product to the customer. 

 
 All the initiatives described above require some sort of technology to exchange 
information, and is typically done through Electronic Data Interchange (EDI) 
protocols. However, with the advent of the WWW, collaborative planning of 
forecasts and inventory replenishments (popularly called CPFR) can be done via the 
Internet. Initiated by the Voluntary Inter-industry Commerce Standards (VICS) 
association, CPFR promises a new business model the central theme of which is for 
businesses to align processes and standardize technologies to share forecast and 
other planning information securely, simultaneously, globally, and in real-time (see 
for example White, 1999). Several pilots of the CPFR business model is underway 
that allows retailers (e.g., Wal-Mart) and vendors (e.g., Lucent and Sara Lee) to 
"share information regarding key planning parameters (i.e. promotions, store 
openings etc.) impacting forecasts; and communicate/resolve variances within item 
level forecasts."  (from www.cpfr.org). 
 
The research literature has little, if any, systematic process to determine the benefits 
of the CPFR process. Our intention is to simulate the process and compare it 
traditional ordering and planning mechanisms, specifically the reorder point system 
(ROP). We will measure performance on three dimensions – customer service levels 
(fill-rates), Shareholder Value (as Economic Value Added (EVA)), and the time 
dimension (as Supply Chain Cycle Time).  
 

2.1 Performance Measures 

Fill-rate: The firm in question, as the Data section will show, has six distribution 
centers (DCs) supplying to sixty-three retail markets. An overall fill rate is arrived at 
for the fill rate by computing the volume-weighted average of the fill-rates at each 
of the DCs (for a similar measure, see Deuermeyer and Schawrz, 1981). 



 
Economic Value Added (EVA): Since we do not model markets forces and stock 
prices, we use the EVA, a measure developed by Stern Stewart as a measure of 
shareholder wealth. It is just the profit less the true cost of capital. The profit is just 
the revenue less all the costs that are involved in operating the supply chain. Capital 
is all the investment outlays incurred -- including all infrastructure and technologies 
used in the supply chain. 
 
Supply chain cycle time: It is defined as the total time spent by a product in the 
supply chain. It includes time at the supplier warehouse, transit to the plant, as raw 
material, WIP, and finished goods in the plant, transit to the DC, as inventory in the 
DC, and finally in transit before it reaches the retailer establishment. Since there is 
more than one entity in each echelon of the supply chain, time is just the volume-
weighted average of the all the relevant times in a particular echelon. 

2.2 Hypothesis 

Our intention is to see if an information-sharing initiative such as CPFR has any 
tangible benefit on the above performance measures. To do this we will compare it 
to a traditional "reorder point" (ROP) methodology. Under the ROP method, the 
downstream facility in the supply chain (such as a DC) will place an order to its 
trading partner (such as a manufacturing plant) when reorder points, set 
independently, are triggered. On the other hand, under the CPFR initiative, the 
trading partners (the DC and the manufacturing facility) will plan the replenishment 
quantities together, i.e., share information about demands. While benefits of such 
information sharing initiatives are proven in stylistic models, it has not been 
confirmed in a realistic and complex supply chain as the one we are about to 
describe. We would expect, even in the complex system, for CPFR to provide a 
higher level of fill-rate than the traditional reorder procedures. Formally, 
 
H1: CPFR produces a higher fill-rate than the ROP method. 
 
Since sharing of information produces better forecasts, the use of an information-
sharing initiative reduces inventory in the supply chain. The hypothesis can be 
summed up as: 
 
H2: CPFR results in lower supply chain inventories than the ROP method. 
 
 With accurate forecasts and low inventory, one can expect the supply chain cycle 
time or "response time" of the supply chain to be lower with the CPFR system:  
 
H3: CPFR results in a lower supply chain cycle time when compared to the ROP 
method. 
 
Finally, information-sharing initiatives are sustainable only if they add intrinsic 
value to the company and consequently the shareholder. To the best of our 
knowledge, we have not seen the impact of information sharing on shareholder 
wealth, even in simplistic models. Since the use of CPFR-like initiative reduces 
working capital by reducing inventories, one would expect such initiatives to 
ultimately add shareholder value. Since we measure shareholder wealth by EVA, we 
frame the hypothesis as: 
 
H4: CPFR results in higher EVA when compared to the ROP method. 
 
 



3. The Data 

 
The data used to fuel the simulation model is adapted from the supply chain of a 
Fortune-500 consumer products company. To maintain confidentiality, we have 
masked the data. Specifically, we have changed the nomenclature of the supply 
chain structure, i.e., the names of the markets, DCs, plant, and the suppliers are not 
the same as the original company. However the relative magnitude of the data is 
preserved. We chose one product from a product family of household cleaners that 
typically sells around $2/pound. 
 
The product in question can potentially be sold at retail locations in any one of 
sixty-three markets in the continental United States. Table 1 indicates the various 
markets with expected yearly demand as a percentage of the total demand. These 
retail outlets are replenished by DCs via Less-Than-Truckload (LTL) shipments on 
a regular basis. Depending on the market location, and the supplying DC, the order 
cycle times (i.e., time since the retail order to the point of fulfillment by the DC) 
times to these retail outlets range from one to five days. The freight rates from the 
DCs to the markets range from 0.0466 to 0.16 $/pound shipped (the data tables are 
quite cumbersome -- for the sake of brevity, we have chosen not to show it). We 
divide the year into thirteen accounting periods, and each of these periods has 
twenty operating days. The demand is seasonal, peaking during the Spring-cleaning 
season, and the seasonality factors for each of these thirteen periods are given in 
Table 2. 
 
Because of the large number of shipments to customers and the long distances to be 
covered, this company has several distribution centers (DCs).  These are located in 
Los Angeles, California; Denver, Colorado; Dallas, Texas; Chicago, Illinois; 
Atlanta, Georgia; and Kansas City, Missouri. Table 3 shows the operating 
economics of each of the DCs. The cost structure is therefore piecewise linear, 
changing with the volume of product that is shipped through the DCs. The DCs are 
replenished through one of four modes of transport: Less-Than-Truckload (LTL), 
Truck Load (TL), Trailer or Container on Flat Car (TOFC/COFC), and Railbox Car 
shipments, each having a shipping capacity of 20,000; 40,000; 50,000; and 90,000 
respectively. The freight rates and respective lead-time characteristics from the plant 
to these distribution centers are also shown in Table 3. 
 
The product in question is made in one manufacturing facility, located in Denver, 
CO. For the purposes of this study, we assume that the Denver manufacturing 
facility has enough capacity to satisfy the downstream demand. The initial 
investment to build and get the plant running was $13 million. The fixed, operating, 
and investment costs for different levels of throughput through the plant is given in 
Table 4. Once the product is produced, it is stored in an “out-bound” plant 
warehouse (different from the DC) adjoining the facility. The operating economics 
of the plant-warehouse is, as before, piecewise linear and depends on the throughput 
-- the costs for various levels of which are indicated in Table 4. The product requires 
three raw materials, Cans/Bottles, Corrugated, and Chemicals, that make up 10, 30, 
and 60 percent of the product. Each of these raw materials is sourced from three 
major suppliers, located along the Gulf Coast and the Mississippi rivers. Each of 
these suppliers charge a different price, based largely on the quantity that is ordered 
and the delivery performance that is promised. The appropriate prices are illustrated 
in Table 5. The shipments from each of these suppliers to the Denver plant can be 
made through four available modes of transport -- LTL, TL, COFC/TOFC, and Rail 
Boxcar. The freight rates, mean and standard deviation of transit times for these 
modes are also available to us. For purposes of brevity, we show only freight rates, 
mean and standard deviation of selected modes from each supplier in Table 5. 



Table 1: Markets and Sales 
Current Markets Future Markets 

  

Market % Demand Market % Demand 
  

DETROIT, MI 4.24% NEW ENGLAND 3.54% 

CHICAGO, IL 3.09% PITTSBURGH, PA 2.94% 

PEORIA, IL 1.15% SCRANTON, PA 0.61% 

MILWUAKEE, WI 1.50% PHILADELPHIA, PA 2.47% 

ST LOUIS, MO 1.00% HARRISBURG, PA 0.49% 

HOUSTON, TX 1.47% RICHMOND, VA 0.57% 

DALLAS, TX 2.79% NORFOLK, VA 0.38% 

SAN ANTONIO, TX 0.28% ROANOKE, VA 0.34% 

SHREVEPORT, LA 0.31% BALTIMORE, MD 2.96% 

NEW ORLEANS, LA 0.73% HUNTINGTON, WVA 0.95% 

LOS ANGELES, CA 7.69% LOUISVILLE, KY 0.70% 

SAN FRANCISCO, CA 3.58% ALBANY, NY 0.46% 

MINNEAPOLIS, MN 2.19% NEW YORK, NY 7.33% 

DES MOINES, IA 1.30% BUFFALO, NY 3.28% 

OMAHA, NE 1.58% SYRACUSE, NY 0.53% 

KANSAS CITY, MO 2.05% ATLANTA, GA 1.51% 

LITTLE ROCK, AR 0.38% BIRMINGHAM, AL 0.98% 

OKLAHOMA CITY, OK 1.71% MOBILE, AL 0.14% 

WICHITA, KS 0.86% JACKSONVILLE, FL 0.80% 

EL PASO, TX 0.63% TAMPA, FL 1.41% 

ALBUQUERQUE, NM 0.14% MIAMI, FL 1.41% 

PHOENIX, AZ 1.99% GREENVILLE, SC 0.73% 

SALT LAKE CITY, UT 1.87% RALEIGH, NC 0.46% 

SEATTLE, WA 2.45% CHARLOTTE, NC 0.92% 

PORTLAND, OR 1.65% MEMPHIS, TN 1.02% 

SPOKANE, WA 0.62% NASHVILLE, TN 0.80% 

BUTTE, MO 0.81% KNOXVILLE, TN 0.40% 

DENVER, CO 5.10% BRISTOL, TN 0.07% 

FT WAYNE, IN 0.44% CHATTANOOGA, TN 0.12% 

INDIANAPOLIS, IN 0.93%  

EVANSVILLE, IN 0.46%  

COLUMBUS, OH 1.73%  

CLEVELAND, OH 3.55%  

CINCINNATI, OH 1.46%  

 



Table 2: Seasonality Data

Period Percentage of Annual sales
1 7.0%
2 6.2%
3 5.4%
4 4.8%
5 6.9%
6 7.5%
7 8.5%
8 8.5%
9 10.5%

10 14.5%
11 7.7%
12 7.1%
13 5.4%



Table 3: Distribution-related Data

Table 3: Distribution Center Operating Economics
          Below 750000 lbs.                  750000-1500000 lbs.                   1500000 lbs. and above

Variable $/lb. Investment $ Variable $/lb. Investment $ Variable $/lb. Investment $
Los Angeles 0.0188 311800 0.0160 623600 0.0113 935400
Atlanta 0.0157 377200 0.0133 754400 0.0094 1131600
Dallas 0.0113 339600 0.0096 679200 0.0068 1018800
Chicago 0.0157 380000 0.0134 627200 0.0094 940800
Denver 0.0080 212800 0.0068 425600 0.0068 638400
Kansas City 0.0142 340000 0.01207 680000 0.0048 1020000

Fixed Costs are defined as 10% of the Investment

Freight Performance from Denver Plant to the Distribution Centers
       Mean and Std Deviation of Transit Time from Denver (Days)

DCs Freight From Denver Plant ($/lb) LTL TL TOFC/COFC Rail Box Car
Los Angeles 0.0212 3.2, 2 4, 2.2 6, 2.4 8, 2.4
Atlanta 0.0280 5, 2 8, 2.2 8, 2.2 10, 3
Dallas 0.0100 3.2, 2 4, 2.2 4, 2.2 8, 2.4
Chicago 0.0175 3, 2 3.5, 2.2 3.3, 2.2 7, 2.8
Denver 0.0012 1, 0.1 1, 1 3, 3 3, 3
Kansas City 0.0162 3.2, 2 4, 2.2 4, 2.2 8, 2.4

The rates are for Rail Boxcar shipments (90,000 lbs).
The rates for COFC (50,000 lbs), TL (40,000 lbs), and LTL (24,000 lbs) are approx. 1.1, 1.2, and 1.65 times 
the qouted rates for  Rail Boxcar shipments



Table 4: Plant Data

Through-put (lbs.)1 Fixed, mill. $ Variable, $/lb. Investment mill. $ Investment, $ Fixed, $
Current: up to I.0 million 4.0 0.205 13.00 13000000 4000000

over 1.0 million 4.5 0.195 13.00 13000000 4500000
over 1.5 million 4.6 0.190 13.00 13000000 4600000
over 1.7 million 4.8 0.189 13.00 13000000 4800000
over 2.1 million 6.8 0.188 18.00 18000000 6800000
over 2.5 million 7.7 0.187 20.00 20000000 7700000

Denver Warehouse Economics

Through-put (lbs.)1 Fixed, $ Variable, $/lb. Investment (000) $
0-10 million 170400 0.0156 600
10-20 million 213000 0.0195 750
20-30 million 255600 0.0234 900
over 30 million 319500 0.02925 1125

Other Throughput levels are defined as follows:
0-10000000 lbs. 80% of above
20000000-30000000 lbs120% of the above
> 30000000 lbs. 150% of the above



Table 5: Manufacturing and Sourcing Data

Raw Material Prices ($/lb.)
Supplier 1 Supplier 2 Supplier 3

Cans / Bottles $0.61 $0.62 $0.60
Chemicals $0.81 $0.80 $0.82
Corrugated $0.90 $0.91 $0.92

Selected Mean, Standard Deviation of Transit Time from each of the supplier to the Denver Plant (Days)
TOFC/COFC TOFC/COFC TL

Cans / Bottles 3, 1 3, 2 2, 1
Chemicals 5, 1.8 5, 3 4, 2
Corrugated 5, 1.8 5, 3 4, 2

Freight Prices from each of the Suppliers to the Denver Plant ($/100 lbs.)
Cans / Bottles 1.44 1.94 2.10
Chemicals 1.50 1.82 1.93
Corrugated 1.50 1.82 1.93

Plant Warehouse Economics

Throughput  (in million pounds) Fixed, $ Variable, $/lb. Investment, thousand $
 0-10 170400 0.0156 600

 10-20 213000 0.0195 750
 20-30 255600 0.0234 900

>30 383400 0.0351 1350



  
 
Illustrating our data requirements in such detail, we believe, is valuable in two 
respects: one, it provides the reader with a list of data requirements that will be 
needed to simulate a realistic supply chain. Of course such data requirements will 
not be homogenous from company to company, but we believe that most retail 
distribution channels for fast moving consumer goods are likely to have similar data 
needs. Second, the reader can perhaps appreciate the difficulty in obtaining the data 
to simulate a supply chain. Even the addition of a transport mode to the analysis will 
exponentially increase the data needs! 
 

4. The Simulation 

 
Simulating a complex chain is obviously a difficult endeavor. To accurately capture 
all the costs and constraints and to appropriately model the CPFR business model, 
we wrote our own simulation routines in Visual Basic, a programming platform for 
the Windows operating system. Figure 1 shows the general outline of the 
simulation. For the purposes of brevity and to enhance clarity, we keep our 
explanation of the details of the simulation to a minimum. The simulation first reads 
all the data required for a run. This includes the products, markets, and sales data; 
detailed data on the operating economics of each facility in the supply chain; the 
freight options, cost structure, and delivery performance of each of the 
transportation modes. We then input the structure of the supply chain, i.e., market, 
DC, plant, and supplier locations, and the corresponding arcs that connect these 
“nodes” in the supply chain. The underlying data and the supply chain structure will 
remain constant across different simulation runs.  
 
Our planning horizon is thirteen periods (one year), each period consisting of twenty 
days. The simulation begins by forecasting the demand for each period at each of 
the DCs. The total average demand for each market is known, and therefore the 
annual demand on each supplying DC is also available. Based on seasonality of 
each period, the average demand for each period in each DC can also be computed 
in a straightforward way. We use the following procedure to "simulate" a forecast in 
each of the periods at the distribution centers (see also Sridharan and Berry, 1990) 
 
Forecast in period t = Sales in period t + forecast error, 
 
where the forecast error is assumed to be a normal variable with mean zero and a 
variance, σ2 that is estimated from company data as (see Stenger, 1994) a Si

b, where 
Si is the average sales in period i, and a and b are positive constants. 



 
Under a traditional reorder point system (ROP), the planner at the DC will use the 
forecasted demand, forecast error, on-hand inventory, scheduled receipts, transport 
mode characteristics (lead-time performance & lot-size) and a pre-determined fill-
rate target to compute reorder points via well-known inventory methods (see Silver 
and Peterson, 1987, pages 269-276). An order is placed as soon as the inventory 
level reaches the reorder point. The supplying plant will then fulfill the order via its 
plant warehouse on the chosen mode of transport. If sufficient inventory is 
unavailable, the shipment is delayed until the appropriate lot-size (for the chosen 
mode) is reached. The supplying plant warehouse, in turn, forecasts the orders it 
receives from the DCs. To simulate this, we use exactly the same procedure as in the 
DC forecasts, i.e., perturb the real orders with a pre-determined error component. 
 
Under the CPFR type system, however, the plant (Denver in our case) has perfect 
visibility of the DC needs. This is achieved via a common planning database the 
firms share over the Internet. As in the ROP case, the DCs plan period-by-period 
product needs so that a pre-determined fill-rate is met. However, with CPFR, the 
plant and the DCs jointly plan the fulfillment of these needs. The plant-warehouse 
shipping schedule is achieved by first aggregating the DC needs in a given period 
and offsetting it by required transportation lead-time.  
 
The production plan over the planning horizon is then computed as the quantity 
required to satisfy the warehouse shipping schedule and the safety stock 
requirements at the plant warehouse. Once the production plans are known, a 
standard MRP procedure is used determine raw material needs and shipping 
schedules from the suppliers. At the end of the "planning cycle" (beginning of every 
month) of the simulation, all plans -- DC needs, plant warehouse shipping 
schedules, production plans, and raw material needs and shipping schedules are 
determined. 
 
Once the plans are laid out for the coming year, the simulation starts simulating 
material flow every day according to these plans, collecting supply chain 
performance data every day of the simulation. All plans, from distribution, 



production, to raw material procurement are done using "averages," for example, 
when doing MRP, the mean lead-time is used to generate schedules and so on. 
Therefore, as the simulation proceeds with specific instances of forecasts, 
production and transport lead-times, the plans tend to deviate from reality. So the 
simulation updates the plans (for the horizon) at the end of month, i.e., the DC 
forecasts are updated, ROP or CPFR is performed, production and raw material 
plans are generated and so on. In our simulation model, after an initial warm-up 
period of three months, statistics are collected for three years to average random 
effects. Any product demand not satisfied is backordered except at the DCs, where it 
is accounted for as lost sales (and consequently fill-rates are collected). The actual 
service level at each of the DCs; the average inventory levels; transit statistics; and 
the financial performance at each entity in each of the four echelons are the key 
outputs of the simulation. In addition, we also compute the following overall supply 
chain measures:  
 
Overall Customer Service level: Weighted average (by volume of product sold) of 
service levels at each DC. If ρi is the service level at DCi and Vi is the volume of 
product flow at DCi, then overall level of service, then overall service level is Σ ρi Vi 
 
Economic Value Added (EVA):  Profit - Cost of capital  
 
Profit = Sales - Operating expenses (including inbound, production, outbound 
distribution) 
 
Cost of capital = Cost of working capital (including inventory at various levels) + 
Cost of investment 
 
Time through the supply chain: Weighted average by volume of either raw material, 
WIP, or finished goods of: 
 
Time spent in transit from supplier to the plant + Holding time in the plant (as raw 
material) + manufacturing time + holding time in the out-bound warehouse + transit 
time to the DCs + time spent in the DCs + transit time to the customer. 
 
For example, there are six plant warehouse-DC links (one for every DC). The 
"transit time to the DCs" is the weighted average of transit times from the plant 
warehouse to the DCs weighted by the volume that was shipped on each of these 
links. This measure measures the time dimension in the supply chain or the 
"responsiveness" in the supply chain.  
 

5. The Experiment 

 
Our intent is to test the impact of collaborative initiatives on supply chain 
performance under a number of different operating conditions. To do so, we 
constructed a full factorial design to evaluate our hypothesis via the ANOVA 
procedure. We have chosen to change the following parameters as we believe that 
these are the most typical operating ranges of this supply chain: 
 
 
1. Planning Options: CPFR or ROP 

2. Forecast Errors: "High" or "Low." High corresponds to a "a" parameter of 5; 
and Low to a "a" parameter of 3, with the parameter "b" estimated at 0.8. This 
represents the typical range of values observed for the forecast errors 



3. Service levels at the DCs: 90%, 95%, 99%. These are target fill-rates at the 
DCs. Effectively these are responsible for the appropriate levels of safety stock 
at the DC location. 

4. Transport Modes: LTL, TL, TOFC/COFC, Rail Boxcar --the lot-sizes and lead-
time performance of each of these are given in Tables 3-5.  

5. Levels of Safety Stock at the plant warehouse: 0.5, 1.0, 1.5 weeks of supply. 

6. Average Levels of Demand: 45, 70, and 105 million pounds a year. 

 
 
There are a total of 432 combinations. Each combination is run at least 15 times, 
more if there were any outlying runs for a total of 6522 runs.  
 
We used SPSS v7.0 to analyze the outputs from these runs. To test our hypothesis, 
we use all the main effects and two significant interactions, Planning Options with 
Forecast Accuracy; and Planning Options with Fill Rates. We only report our key 
findings in this Chapter. For the interested reader, detailed analysis is available in 
Boone et al. (2000). ANOVA analysis shows that all the terms have a significant 
impact in determining fill rates, inventories, cycle times, and EVA.  
 
 
Next, we proceeded to compare the mean levels of performance between the CPFR 
and the ROP control methods. Table 6 illustrates the relative performance of CPFR 
over the ROP method. For example, using the CPFR method yields on an average 
fill-rates that are 1.8% higher relative to the ROP method. The standard error is 
small enough to make this percentage difference significant. This seems to provide 
evidence for the first hypothesis that the use of the CPFR method produces a higher 
fill rate for the supply chain. For our data, the difference in fill rates translates to 
additional sales anywhere from 675,000 pounds of the product (at the 45 million 
pounds level of demand) to 1,575,000 when the demand is 105 million pounds. 
Therefore the use of CPFR becomes very important for high volume items. 
Secondly when forecast errors are higher, CPFR yields fill rates that are 3.3% higher 
relative to the ROP measure. Again, the standard errors are small making the 
difference significant.  This suggests that the impact of CPFR on fill rate increases 
as forecast errors increase, further confirming the fact that the biggest benefits of 
CPFR are when forecast errors are high.       

 
Table 6: Relative Performance of the CPFR Procedure 

Performance Measure Percentage Improvement Standard Error 
  from using CPFR  

Supply Chain Time -1.74% <0.5% 
   

Supply Chain Inventory -1.94% <0.3% 
   

Observed Fill Rates 1.80% <0.1% 
   

EVA 5.99% <1% 
 

 
 
 
 
 



The CPFR procedure uses on an average 1.94% less inventory (significant at 99% 
confidence) relative to the ROP confirming hypothesis H2. Herein lies the biggest 
impact of information-sharing initiatives -- they increase the observed fill-rates 
while reducing inventories. This is possible because the Denver plant has complete 
visibility of all the DC inventories. Therefore, Denver can plan shipping and 
production schedules more efficiently. Additionally, when forecast errors are higher, 
the decrease is 5.80%, indicating again the magnified impact of collaborative 
planning in high uncertainty. 
 
CPFR procedure yields a cycle time that is on an average 1.74% less than that of the 
ROP procedure (significant at 99% confidence level), confirming hypothesis H3. 
The CPFR procedure warrants lesser inventory, and consequently a higher turnover 
ratio thus increasing the velocity of product flow across the supply chain. 
 
Finally, the biggest impact of CPFR can be seen in the increase in shareholder 
wealth as measured by EVA. The CPFR procedure on an average yields an EVA 
that is 5.99% higher than the ROP procedure (significant at 99% confidence) 
supporting H4. This difference can be explained to the reductions in working capital 
and increase in revenues due to the CPFR procedure. At every entity at each echelon 
in the supply chain, there is (i) a reduction of inventory, (ii) faster turnover rates 
lead to lower operating costs (recall that at the DCs and plants, the fixed and 
variable costs are a function of the volume), and finally (iii) the higher revenues 
brought about by higher fill rates. We however point out the effect of CPFR on 
EVA may be exaggerated by our assumption that CPFR costs are 0.5% of the sales.  

6. Summary and Conclusions 

 
Our intent in this Chapter was to analyze in a systemic manner the benefits of 
information sharing mechanisms, specifically CPFR on four dimensions: fill rates, 
supply chain inventory, supply chain cycle time, and shareholder value. We 
hypothesized that using CPFR increases margins and decreases working capital 
consequently increasing fill rates and EVA; and decreasing inventories and supply 
chain cycle time. We built an elaborate simulation of the supply chain, whose 
operations are adapted from a real company and uses real data. We then tested the 
impact of CPFR and the traditional ROP inventory planning method under a 
number of supply chain configurations and the subsequent analysis led to the 
following findings. 
 
1. CPFR increases fill-rates: An increase in fill rates translates to a larger volume of 
product sold to the retail outlets thereby increasing the revenues and profit margins. 
Additionally, the impact of CPFR is higher when the forecast errors are higher.  
 
2. CPFR decreases supply chain inventories: At the plant-DC level, joint planning 
reduces any inventories that are used to buffer the added uncertainties that ROP 
systems warrant. This implies the plant will not have to inflate its production 
schedules to meet this excess inventory. This in turn impacts procurement of raw 
materials – plants with realistic schedules demand lower quantities and 
consequently hold lesser amounts of cycle inventories of raw materials in their 
warehouses. All this reduces the overall inventory level in the supply chain. 
Furthermore, the reduction in inventory is more when the forecast errors are high. 
In certain industries with high uncertainty, like fashion goods, collaborative 
planning mechanisms can make a significant impact on reducing inventory levels. 
 



  

3. CPFR reduces supply chain cycle time: The reduction of inventory in the entire 
pipeline increases the number of turns and hence speeds up the flow of the product 
from the raw material to the retail outlets. Hence CPFR leads to a compressed and a 
responsive supply chain.  
 
4. CPFR increases shareholder wealth: High fill rates and low inventories lead to 
higher margins and lower working capital, increasing EVA. 
 
Although our research shows that collaborative planning has a substantial impact on 
the firm, we have not considered any implementation issues. We simulate the 
supply chain under the assumption that CPFR process can be easily implemented. 
We would like to point out that working in a CPFR system requires a different 
mindset that is not always easy to implement it quickly and cost efficiently. The 
premise is that real-time data shared and planned together will benefit both parties. 
Several firms may not be willing to share sensitive sales or financial data. 
Furthermore, implementation of collaborative practices requires collaboration-
support technology such as EDI, e-commerce applications, front-end and back-end 
application servers to execute the collaboration, and the appropriate databases to 
feed these collaborative-support technologies.  It is easy to confuse the technology 
with ‘collaborative planning’ –but the success of any partnership depends on the 
ability to use information, not having access to it. This would mean setting up joint 
teams between trading partners to analyze the data and to make joint decisions on 
demand, replenishment, and production in such a way that it benefits all involved. 
The role of the forecasting/logistics divisions of a firm will find itself in a different 
role – as partner and collaborator -- but will make similar decisions: forecasting, 
safety stocks, production and shipping schedules, etc. 
 
There is no one formula to effectively implement CPFR initiatives in a firm. As 
Austin (1998) suggests, firms should use a three-pronged approach. First, a firm 
should evaluate the risk and rewards of a collaboration initiative. Much like the 
simulation described in this Chapter, a firm can access the cost of implementation 
and the potential benefits of a collaborative initiative. Second, there is a need to 
reshape relationships between trading partners. Relationships between companies 
should move from just electronic transaction – might it be over EDI or the Internet 
– to a more interactive one with the customer perspective in mind. Issues of trust, 
goodwill need to be addressed explicitly before the collaborative arrangements are 
undertaken. Third, as the nature of collaborative agreement change with time and 
the improvement of technology, firms should make it a priority to reevaluate and 
execute newer and more effective collaborative agreements.   
 
Future research can focus on the feasibility, costs, and benefits of CPFR and/or 
other information sharing agreements in other industries, especially in high 
technology and fashion industries, where compressed product life cycles and high 
uncertainties often lead to operating inefficiencies in the supply chain. 
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