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BISG Warehouse Benchmarking Study

The Book Industry Study Group (BISG) jvi elicuyg benchmarking study is w jou
citort of the BISGr and the Ked
Technology. The profect builds upon the Keck [ab’s exisnng Internet-Based Data
Envelopment Analysis System for system-based self-assessment of warehouses
(iDEAs-W). a tool developed lo help warehouse managers understand and
benchmark the performance of their warchouses. The i3LA% tool 1s a free service
provide by Georgia Tech, and is accessed punung @ hrowser 1o
http://www2 isve.gatech.edw/ideas/. The tool is based Ol & $onheric perion
model of warchousing gioveloped by Hackman et af. (2001) and produces s 1

etficiency syore consider:iz several warehouse resources and several warehouse
serv1ces The too] uses a mathemat:lcal techmque called data envelopment

qarehuuse g the

T

bost pUssidle performance cuie : o wareheuses, ,Users can
choose to be compared to a]l warehouses to varchwises 1 a particular industry or
to warehouses using a particular picking mode.v

The Penguin Group a4 a user of the iDEAs-W tool and was interested in a book
industry specific comparison. However, the iDEAs database did not include
enough book industry warehouses to make this comparison possible. Thus
discussions began between the Penguin Group and the iIDEAs team to determuine

how a book industry specific comparison could be done. The project began in
early 2004 when members of the IDEAs team visited Pittston, PA and Commerce,

A to see book industry warehouses and to begin to understand the special issues
related to the book industry. A workshop was held to identify metrics and
attributes which characterized the book industry. The IDEAs team constructed
and proposed a model which was accepted by BISG. Based on this model a
separate BISG benchmarking website was developed and launched i July of
2004. BISG worked to recruit participants over the next year and a half. As of
Janruary 2006 there were 25 warchouses in the database with data submitted for
the basic model.
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http://www2.isye.gatech.edu/ideas/

This report summarizes the results of analyzing these 25 BISG warehouses. The
results will be described in the following nine sections:

Characterizing the warehouses
Warehouse customers and services
Warchouse activity

Warehouse operations

Warehouse information handling
Warehouse workforce

Warehouse internal perspective
Performance analysis

Conclusions

VVYVYVVVVVYY

The results in this report measure efficiency and search for practices and
attributes associated with high efficiency among the 25 warehouses. The
model and metrics used are described in the Performance analysis section.
Also, at the end of this document there is a glossary with the definition of the
terms to be used.
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Characterizing the warechouses

On January 31% 2006, there were 25 BISG warehouses that had complete input
and output data. While all warehouses in this set service customers related to the book
industry, there are significant differences among these 25 warehouses. The warchouses
can be classified in two main categories: distribution and publishing. In this set 70% are
distribution warehouses and 30% are publishing warchouses. This is just one
characteristic of these warehouses. In the following section we will explore the
similarities and differences.

Warehouses that have been in the same facility for a longer period of time have
had time to learn how best to operate in that facility. However, if the equipment and
practices of the warehouse are not updated over time, the use of outdated processes may
lead to inefficiency. On average, a book industry warehouse has been in the same
location for a period of 14.5 years. About 15% of these warechouses have been in the
same location for more than 25 years and ~50% for less than 10 years. The chart in
Figure 1 shows the distribution of the ;1 the warehouse, b1 1 at the same location'.
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Figure 1. Uitne: the warehouse fus b g at the same location
T
! For alk charts, the data labeled “NA” represents warehouses that did not provide data. «
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Each warehouse in this group handles books, but many handle other products as
well. The wider the variety of products, the more difficult material handling becomes.
| Figure 2 shows different products and the number of warehouses handling each product
type. The 42 responses from 25 warehouses indicate that most warehouses handle more
than cne type of product.

cloth [
Gifts
Videos
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Mass Market Paperback
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Figure 2 Product Type Distribution

Al other tnngs boe egial, handling a wider variety of products will require
more resources and cause a warehouse to appear less efficient than a warehouse that only
handles a single product. There are correlations between the types of products distributed
by the warehouses. For example 53% of the warehouses that distribute books (hardcover,
textbooks, etc.) also distribute music products. Similarly, 25% of the warehouses that
distribute general bhooks and mass market paperbacks also distribute educational
products. These correlation statistics are shown in Table 1.
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Table 1.
Product Types

Books (general) & Mass Paperback 24%
Books (general) & Educational Products 6%
Books (general) - Mass Paperback & Educational
Products 25%
Books (general) & Music 53%
Educational Products only 33%
| Music & Mass Paperback 20%
Music & Educational Products 10%

The size of a warghouse is important because larger warehouses process more
| orders and allow overhead costs to be distributed over a greater output, reducing the
overhead cost per unit. However, as a warchouse becomes too large, organization of
such a large number of people and resources becomes difficult, which mas result in
decreased efficiency. This makes size an interesting characteristic of warchouses to
investigate. Most of the warehouses in the BISG data set (80%]) are smaller than 450,000
sq. ft. in area, with an average of about 330,000 sq. ft. The size distribution of the

warchouses is shown in Figure 3.
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Figure 3. Distribution of Warehouses by Size

Another resource that can be used to quantify the warehouse size is the amount of
labor. Here, labor hours include both direct and indirect labor.
warehouses use less than 350,000 labor hours per year (or equivalent to 175 full time

Over 80% of the
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workers), and the other ~20% of the warehouses use greater than 500,000 labor hours per
year (or about 250 workers}. Two groups of warehouses in terms of labor hours used can
be identified. This is shown by Figure 4. Both groups have nearly the same labor
productivity measure (lines/labor hour}. The warehouses with less than 350,000
hours/year have an average productivity of 19.78 lines/hour, and the other group has an
average of 19.12 lines/hour, On the other hand, the group using more labor has on
average a considerably faster inventory tumover! While the first group’s average
inventory turnover is ~2.6, the second group’s average tumnover is 4.0,
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Figure 4. Distnibution of Warchouses by Labor

Labor and space are highly positively correlated, as might be expected. Larger
spaces require longer traveling times between warchouse locations and also imply more
activity inside the warehouse. The average ratio of labor/space for these book warchouses
is 0,73 [hrs/sq.ft.], and the 95% confidence interval ranges from 0.56 and 0.9.

Another important resource used by warehouses is equipment. In this study an
inventory of equipment is collected for each warehouse and a standard cost is assigned to
each equipment type allowing equipment to be aggregated to a single “standardized”
investment input. Over 90% of the warehouses have an investment less than $4 million.
There is a great variability in the amount invested in these warehouses; the range of
investment from smallest to largest is more than $10 million. Figure 5 shows the
investment distribution for these BISG warehouses.
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Number of Warehouses
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Figure 5. Distribution of Warehouses by L:pipinent Investment

The distributions of space, labor and investment are not identical, it other words,
each warchouse gsey 2 diiterent may of resoarees,

Also, the average ratio of investment/space is 7.5 (USD per sq. ft), and 95% of all
warehouses observed are within the range of 5.6 and 9.4. Investment and space are
positively correlated.

The ratio between labor and investment among the warehouses has a 95% chance
of being between 0.08 and 0.22 {labor hour per $ of equipment). The average for this
sample of warehouses 15 ~0.15 labor hour per 3 of equipment. Labor and investment are
positively correlated as can been seen in Figure 6. This correlation is statistically
significant. However, the data also show that investment and labor/investment ratio have
a negative statistically significant correlation. That means that while 1t 1s expected for
labor to increase if the investrment increases, the rate of increase diminishes as the
investment increases to higher levels. In other words, as more equipment is used, the
proportion of labor used declines, as rmght be expected.
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Warehouses customers and services

The types of customers and the requirements of those customers ,irvo the
activities performed and the level of resources consumed in a warehouse. |
o understand, i posaiblo, how these cha

b
relative et

wicreics of warehoises are red

The customers fall into three basic categories wholesalers, retailers, and
individuals. Figure 7 shows the frequency of certain customer types in the responses of
the book industry warehouses. The 49 responses from 25 warehouses indicate that, on
the average, BISG warehouses serve 2 distinct types of customers.
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Number of Warehouses
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Figure 7. Distrbution of customer types in warchouses

There are correlations between the types of customers served by the warehouses.
For example 100% of the warehouses that serve whoelesalers aiso distribute to retailers.
On the contrary, only 73% of the warehouses that serve retailers also serve wholesalers.
Serving a variety of customers with their different needs tends to reduce the ability of the
warehouse to specialize and thus tends to increase the resource usage. The correlations
between customer types are shown in Table 2.
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Table 2. Perguul of sarchodsds syl shesl chsionerivpe
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Customers

Individuals & Retail DCs 38%
Individuals & Schools/Celleges 83%
Retailers & Retailers DCs 27%
Retailers & Wholesalers 73%
Wholesalers & Retailers 100%
Wholesalers - Retailers & Individuals 45%
Wholesalers - Retailers & Schools/Colleges 27%

The mix of the types of customers served affects the operation of the warehouse
(e.g. broken case vs. full case, number of items per title per order, average volume of an
order, etc.) These warehouses also could be divided in clusters, depending on the main
types of customers that they serve. Figure 8 shows three main subgroups for these
warehouses.

'@Wholesalers,
Retailers

@awholesaters,
Retailers. Indiwduals

DORselailers, Indivduals
I

38%

. vy
Figure 8. Clusters by customer type mix

Even if the customers are similar for a warehouse, having many different
customers of the same type can also add diversity to the demand patterns. One measure
of the number of different customers is the number of ship-to locations. The BISG
warehouses have a large number of ship-to locations. According to the information given,
about 40% of these BISG warehouses have Juweer than 50.00( shipping locations and
over 20% have more than 900 (4} shipping locations. In fact, the smallest number
reported for this category was 8,000 locations.

For shipping consolidation, 53% of the warehouses consolidate based on the
freight carrier, 33% based on the geographic region, and 14% consolidate single orders.

Even though customer requirements are often diverse, warehouses tend to process

orders in a similar way. Fur oxmnnle, typically a warehouse has a fixed response time for
all orders, allowing all orders to be processed in a standard way and avoiding the need for
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individual attention for particular orders. However, for the book industry, response time
differs between the warehouses. Figure 9 shows the distribution of the response time for
these warehouses. The majority (57%) has a response time of one or two days. The
number of orders fulfilled meeting the response time is 6% on average.

10%

| 24-38 brs
B4372 hrs
O less than 24 hrs
.omorethan 72 hrs

. A
Figure 9. Response Time Distobution

Many of the practices of the warehouses are related to customer service, as shown
in Table 3. These book industry warehouses offer a variety of services that are highly

customer-oriented. For example, half of the warehouses dedicate more than 2041} labor ! Deleted: thousand
hours to value added activities. The average pack and held duration ranges from one to

two weeks for ~55% of the warehouses, and for about half of the warehouses pack and
hold orders represent from 70 to 100% of the total orders. For approximately 70% of

warehouses the return process represents more than 10,40 labor hours (5 full time Deleted: thousand
workers dedicated to return process). ) ) | Comment: This is interesting result3 |
Table 3.
Adjustments 57%
Advance notice 80%
Billing info with order 62%
| Product info with order B2%
Compliant shipping 95%
Labeling %
Pack and hold 48%
Return Process 67%
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Warehouses characieristics and activities

The charavwrmtics dotivgunn ovr warehinie  opapeivr nd warslionse
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One important characteristic is inventory turns. In this study, inventory turnover ! Deleted: of a warehouse drive its

is on average equal to approximately 3 per year, or about 120 days of inventory uu band, | performance .

About 90% of the warehouses have an inventory turnover less than 5 per year. The Deleted: This s equivalent to

complete distribution is shown in Figure 10. The two warehouse turning inventory the  Deleted: (with 365 days/year)
fastest in Figure 10 have a higher ratio of lines/hour than the rest of the warehouses.
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Figure 10. Inventory Turnover Distribution

The activity level of the warchouse can vary throughout the year due to
seasonality of demand. It is important to characterize this seasonality because warehouse
resources are not completely flexible. making it neither possible nor practical to adjust all
resources levels downward during low demand seasons. The average seasonality index 1s
1.6. Approximately 75% of the warehouses have seasonality between | and 2. The
complete seasonality distribution is shown in Figure 11.
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Order lines may require goods in broken cases (pieces), full cases, or pallets. The
demand that the book industry warehouses face consists of all three. On average ~80%
of picked lines are broken case lines. About 70% of these BISG warchouses pick between
1 and 5 million broken case lines. The complete distribution of broken case lines as a
percentage of total lines is shown in Figure 12.

There is a positive correlation between the quantity of broken case lines and the
labor used. This is not surprising because the nature of broken case picking is generally
more labor intensive. Moreover, the increase in broken case lines quantity 1s positively
correlated with the increase in the labor and space ratio (i.e. more labor is done in a
smaller area).

Among BISG warehouses, about 70% processed between 100,:0{, and 1.2 million
full case lines, and 15% picked less than 100.0:4) full case lines. About 65% of
warehouses picked less than 10,410 thousand pallet lines, and about 15% picked more
50.0¢0 pallet lines. The pallet lines quantity, for this sample, is correlated positively with
the inventory turmover, items per title, order average volume and weight. When a
warehouse has a pallet as a major handling unit, the orders tend to be bigger and
inventory turns over more quickly.

it is also relevant to mention that on average 5.6% of the lines picked are rush
lines.
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Figure 12. Percentage of Broken Case Lines

A traditional metric in warehousing is total lines picked per labor hour. Figure 13
shows that about 80% of the warehouses have a pick rate between 10 and 25 picks per
labor hour. The average is 19 lines per hour. However, according to the given data and as
shown in Figure 13, there is one warehouse with a rate of 55 picks per hour. Note that
total lines include the sum of broken, full and pallet lines. Labor includes the direct and
indirect labor, not just order picking labor.

The warehouses with 35 or more lines/hour, shown in Figure 13, both have on
average a very high percentage of broken case lines (~98%). On the other hand, the
warehouse with fewest lines (less than 5 lines/hour), has a very high labor/investment
ratio, so this warehouse seems to be in terms of labor, a relatively low investment
warehouse.
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Figure 13. Lines picked per labor hour

Typically the number of lines processed 1n a warehouse receives more attention
than the number of orders. However, the number of orders 15 also an important measure
of the work done by the warehouse. The average number of orders processed per year is
750 ¥y for these warehouses and approximately 20% of the warehouses have more than
1 million total orders per year. Figure 14 shows the distribution of total orders. On
average there are 6.21 titles per order, and about 90% of the warehouses have an average
20% of the warchouses claimed a rush order percentage greater than 15%. The number
of rush orders is an indication of the percentage of orders that do not follow the standard
product flow of the warehouse. These orders typically cause disruption and are filled less
efficiently.

The physical dimension of the orders varies greatly across the book industry. The
average volume of each order is less than 5 ft* in about 75% of the warehouses; however,
there are several warchouses that reported an average order volume greater than 60 ft'.
The average weight per order ranges from 10 Ib to 150 Ib in about 80% of these book
warehouses. About 55% of the warehouses have an average weight per order of 50 Ib. or

less. However, there is one warehouse that gepoined an average order weight over 4,000
Ib.
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Figure 14. Dhstribution of Tetal Orders

While orders and characteristics of orders describe the work of the warehouse on
the outbound side, replenishments characterize the flow of goods on the inbound side.
Although time constraints on put-away are generally less severe than for order picking,
the amount of labor required for this activity can be significant. About 70% of the
warchouses have 50,000 or fewer replenishments per year. Figure 15 shows the
distribution of the total number of replenishments. To have more than 10 million
replenishments relative to a large SKU span (see below), the average individual SKU is
replenished once a day, which means that there might be a misunderstanding of the
concept of replenishments per SKU per year in some cases.
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Figure 15 Total Replenishments

As can be seen in Figure 15, there are two main groups of warehouses in terms of
total replenishments: warehouses with more than 100,3{; replenishments per year, and
warehouses with less than (0,004, replenishments. It was found that warehouses in the
first group have on average a larger number of suppliers and a larger number of orders.
Also, they are bigger in terms of labor and investment, but not considerably bigger in
terms of space. This suggests that the number of replenishments is positively correlated
with the number of suppliers and orders, and that a higher number of replenishments are
to be expected in relative larger warehouses (in terms of labor and investment).

The number of suppliers providing replenishments varies significantly between
the different warehouses. Figure 16 shows the distribution of the number of suppliers. In
this figure it can be observed that the BISG warchouses could be clustered in three
groups according to the number of suppliers. Around 50% of the warehouses have fewer
than 40 suppliers, and approximately 20% have 100 or more suppliers. Labor hours and
the number of suppliers are positively and significantly correlated.
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Figure 16. Number of Suppliers Distribution

The number of active SKUs in the warehouses varies greatly. About 60% of the
warehouses have a SKU span of 20,000 SKUs or less. The rest of the warehouses have a
SKU span between 20,000 and 50,000 SKUs. One warehouse Jri0 w2l a span greater
than 50,000 SKUs. Figure 17 shows the total SKUs distribution. [t was observed that
warehouses in the highest percentiles of the SKU span were also in the highest
percentiles of the number of total replenishments. This is also true for SKU span and the
number of suppliers. Also, it was found that in average distributor warehouse has a larger
SKU span than the average publisher.

Pareto’s principle suggests that 80% of the activity of a warehouse is driven by
20% of the SKUs. From the total SKUSs, the percentage of the SKUSs that represents the
80% of the activity of the warehouses (in terms of number of lines shipped) 1s 20% or
less for only 30% of the warehouses, and 40% or more for about 20% of the warchouses.
When this Pareto’s percentage gets closer to 80%, it suggests that there are not many “fast
movers’, and practices like Velocity-Based Slotting may not be justified. On the other
hand, the percentage of the total SKUSs that make 80% of the total volume shipped lies
between 10% and 25% for about half of the warechouses, and about 45% or more for the
other half.
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Warehouses operations

While the activities of the warehouse describe at a high level the characteristics of
the demand and replenishment process, warechouse operations better describe the
implementation issues. One characteristic of the operations of a warehouse is the space
utilization. The average space utilization for the BISG warehouses is around 85%. This
1s shown by Figure 19. Approximately 90% of the slots available are occupied on
average. Note also that ~40% did not answer the question about the space utilization.
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Figure 19. Distribution of Space Utilization
In the book industry the number of items per title describes the average inventory | Deleted: characteristics of the

available to buffer against demand. About 50% of the warehouses have fewer than 10
units per title on average and ~20% more than 20 units per title. However, there is one
warehouse of the group that has more than 150 units per title. Figure 20 shows the
distribution of the number of units per title. The warehouses in the left of this figure (i.e.
warehouses with fewer units per title) are relatively smaller warehouses (in terms of
space) with a lower investment/space ratio than the average warchouse.



The number of locations per title describes the complexity of the picking
operationn. About 55% of the warehouses average between 1 and 4 locations per title, The
maximum average number of locations per title is 6 for these warehouses. The complete
distribution of locations per title is shown in Figure 21.

The number of titles per location describes the balance of pick slots to the SKU
span. An increase of titles per location is positively correlated with an increase in broken
case lines, and, as mught be expected, negatively correlated with the increase in full case
lines. In general, these book warehouses have one title per location.
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To further describe the picking operation of the warehouses the number of zones
was investigated. About 45% of the warehouses fewer than 10 pick zones, and in 15% of
them there are more than 30 pick zenes. Single orders are picked in 38% of the
warehouses, and 62% of them batch orders for picking: 42% consolidated based on the
carrier, 10% based on the amival time, and 10% by geographic region. The planning
horizon is less than a day for 52% of the warehouses, one to three days for 38%, and
more than three days for 10%.

Another important aspect of warehouse operations is the amount of inventory on-
hand. More inventory typically improves customer service, but increases the number of
resources necessary to process and maintain that inventory. Figure 22 shows the on-hand
inventory distribution for the BISG warehouses. About 70% of the warehouses have an
on —hand inventory smaller than 30 million items. In terms of inventory value, about 50%
of the warchouses have $40 USD million or less as on-hand inventory and ~25% more
than $100 million.
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On-hand inventory and on-hand USD are both positively correlated with space.
Labor and investment are also good predictors of the size of the operation, but 1n this
sample the correlanon with the space is stronger.

In the long run. the flow of goods into the warehouse is equal to the flow of goods
out of the warehouse. If this is not true, then inventory levels would be steadily growing
or decreasing. This is the basis for Little’s Law which can be interpreted in warehousing
terms as saying

Items Shipped

Inventory Turns = -
Items in on-hand Inventory

This law can be used to check the consistency of the data provided by the
warehouses. This calculation showed 75% of the time (or for 19 of the warehouses) the
values reported were consistent. This is a measure of the quality of the data provided.

Within warehousing there are many specialized practices that can be implemented
to improve warchouse operations. These practices increase the complexity of the
operation, so the benefits need to be weighed against the challenges. Table 4 shows the
percentage of warehouses that use certain practices in their operations. lAs can been seen
in the table, autonwied sortiny, is a widely used practice in these warehouses. |
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Table 4.

Practices

Aulo sortation 88%
Crossdock 50%
Task interleaving 40%
Pick to light 17%
Velocity-Based

Slotting 50%

The increased complexity of these practices is handled by increasing the
supervision within the warchouse. About 80% of the warchouses spend 15% or less of
the budget on supervision. The average for this expense is approximately 11%. Similarly,
close to 80% of the warehouses devote 15% or less of the budget in maintenance.

While the practices above are related to physical issues within the warehouse,
there are also a vanety of practices related to information technology., The information
technology specific practices are discussed in the next section.



Warehouses information handling

Information technology is not an atiribute particular to a few technologically
advanced warehouses; it is a common feature of the book warehouse. The difference
conceming IT between warehouses is in how IT is used. Sometimes IT is used only to
keep records and track of activities, but in the book industry it is also being used to
support decision making. Table 5 shows that 100% of the warehouses use a WMS, but
not all of them use the complete set of features that a WMS could offer.

Table 5.
it Yo
WMS 100%
WMS
Replenishment 83%
WMS Strategy 100%
WMS Slotting 50% |

The Manhattan Associates WMS is used by the 38% of the warehouses. The
complete distribution of WMS providers is shown in Figure 23.

8% I Others

g Computer Associates -
BOSS
O In-House

OLogPre

W Manhattan Associates

3 Manufaciuring
Knowledge/L egacy

8%

\. J
Figure 23. WMS Vender Distribution

The majority of the warehouses use radie frequency (1f) communication. The rfid
technology is still new for these warehouses and not widely used. Table 6 shows the
percentage of warehouses that use rf communication.
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Table 6.

tf Communication
rf Putaway 75%

| rf Retrieval 73%

Barcoding is a common practice among these warchouses. Barcoding of packages
and items is used in about 90% of the warchouses. Locations are barcoded in around 88%
of the warehouses. Approximately 80% of the warehouses have an inventory accuracy of
90-100%; however, there is one warehouse that reported accuracy below 40%.

Both the physical practices and the IT practices are important. While the

organization of the warchouse is not the only issue, the quality of the labor in the
warehouse 1s also important. This issue is addressed in the next section.
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Warchouses workforce

Labor is a critical resource for warehouse operation and one of the most important
challenges for many warchouse managers. Figure 24 shows the distribution of labor
turnover for the warehouses. About 70% of the warehouses reporting have a turnover less
than 10%, and ~10% more than 40%. 1t’s important to notice that there is one warehouse
that claimed to have a turnover greater than 80%, which is considerably larger than the
average (which 1s about 12%). Over a third of the warehouses did not report labor
turnover.

Note that labor turnover is defined as follows: (Head count attrition + new hires)/
{beginning head count); where head count attrition is the number of employees leaviny
during a given year (retired, quit, fired. etc.), new hires are the number of employees
hired during a given year, and beginning head count is the number of employees working
in the warehouse at the beginning of the year.
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Figure 24, Labor Tumover Distribution

Labor turnover is positively correlated with the labor hours of the warehouse.
This means the more labor used, the higher turnover (as a percentage) expected. This is
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Warehouses internal perspective

The BISG warehouses share similarities in their perspective about actual
constraints for their operations and potential opportunities. This could be observed in
Figures 25 and 26, which summarize the constraints and opportumties mentioned by
warehouse managers. The most commonly mentioned constraints for these warehouses
were layout and space limitation, followed by restrictions or inadequacies related .o
information technology (WMS). Problems with demand forecasting and labor were also
mentioned. It 1s interesting that some of the constraints were also mentioned as
opportunities such as improving IT, making layout changes, and getting more accurate
forecasts. Labor training and tracking were pointed out several times as opportunities.
Additicnally, implementing new warehouse processes such as order batching and pick to
light/voice were mentioned.

Customer special i |
needs !
i

High volume swings |

IT (WMS)

StaffiLabor

Location

Layout and space

Number of Warehouses

A J

Figure 25 Self Identified Constraints Frequency Chart
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Batching

install pick to voice/light

New storage system

Staff / Labor

v 1 2 3 a 5
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Figure 26. Self Identified Opportunities Frequency Chart
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Performance Analysis

Performance analysis is important because it indicates which warehouses are
performing well and which have room for improvement. Individual warehouse managers
may benefit from performance analysis simply by learning how much room for
improvement exists. However, there is another source of benefit from this which is
learning what characteristics of warehouses seem to be correlated with good performance
or benchmarking information.

Model and Metrics

The model used in this study to assess warehouse performance is a 5 output by 3
input model. Warehouses actually use other inputs and outputs, but this set of 8 measures
1s believed to capture the most important inputs used and outputs generated. This model
was initially used by Hackman et al. (2001) on a smaller data set. |

The inputs are labor, investment, and space. Labor is measured as annual labor hours
mcluding both direct and indirect labor to perform necessary operations of receiving,
moving, storing, retrieving, order picking and shipping. Some indirect labor, such as
management, planning, and equipment maintenance, is included. However, indirect
supporting personnel, such as security, cleaning staff, office assistants, accounting,
human resources, customer service, and the labor assigned to the value-adding activities
are not counted. Investment is generated by taking an inventory of the equipment used in
the warehouse and assigning the equipment a standard value measured in U.S. dollars,
regardless of its age, then multiplying the standard values versus the quantity and
summing over all equipment types. Space is the area measured in square feet, dedicated
to the warchouse operations of receiving, put away, storing, retrieving, order picking,
packing and shipping. Areas for supporting activities, such as offices, rest rooms,
cafeteria, or break rooms are not included. Space for retums processing and value added
processing also are excluded.

The outputs are broken case lines shipped, full case lines shipped, pallet lines shipped,
accumulation, and storage function. When items arrive at a warehouse, they typically come in
cases stacked on a pallet. Depending on the customer types and demand patterns, warehouses
will receive orders requesting a certain number of each holding size: pallets, cases, or items
contained in the case. An order from a customer is made up of lines. Each line is particular to
a SEL:, or m other words, it 15 particular to a certain 1tem in a certain holding size. Thus
broken case lines shipped are the number of broken case lines summed over all shipped orders
for the 12 month period in which data was collected. Similar definitions apply for full case
and pallet lines shipped. Accumulation is the difference between lines shipped summed over
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all modes and the number of orders shipped. Thus accumulation is not a ratio, but is a scalar
which characterizes the effort the warehouse makes to consolidate lines picked for the same
customer order. Finally, storage function js intended to characterize both the mix of storage
types and the space actually needed for storage; it is computed by using the values for the
number of broken case SKUs (B), number of pallet locations (P), and proportion of broken
case lines. The exact form of the calculation of the storage function (S) performed by iDEAs-
W is:

S= a*sqrt(B)+(1-a)* [sqrt{25*P) + squi(floor storage sq ft)]
where a=(broken case lines picked)/(total lines picked)

These measures are used to characterize the outputs of the warehouse.

Results

For each warehouse an efficiency estimate was calculated based on the, reported
inputs and cutputs. Figure 27 shows the distribution of these efficiency scores. Note that
Figure 27 shows the quagtile distribution of the scores. The range of the efficiency scores
was divided in four groups, one for each guariile, with the 4th guactiic indicating top
performance and the st gusrtils indicating poor performance. Then, each warchouse’s
efficiency score was classified in one of these four groups. The number of warehouses
with a score that falls in each group is shown Figure 27.
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The largest portion of warehouses is in the second g (40%), This table

shows 00% of the warehouses are operating below average performance (1st and 2nd

surartsle). On the other hand, 24% of the warehecuses are in the fourth guartite. These

warchouses are the most efficient in the group.

Figure 27 shows all warchouses. We could segment the warehouses in two main
groups: publishers and distributors. Figure 28 shows the distribution of the efficiency
scores, segmented by these two groups. The efficiency estimates are calculated for each
warehouse compared to the entire group of warehouses. The distributions of publishers
and distributors are then shown separately. The distributions of the efficiency scores for
publisher and distributor’s warehouses are not significantly different, both with the
majority of the warchouses in the 1st and 2nd gnzavuic, yet it can be seen in Figure 28 that
publisher’s warehouses tend to be more efficient, with a higher percentage of warchouses
m the third and fourth gustile.
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To better understand the relationship between resources used (inputs) and
efficiency estimates, data were analyzed to find correlations. Warehouses were divided in S
two groups: the higher efficiency group (third and forth juarile warchouses) and the ! Deleted: quantile

lower efficiency group (first and second giusitde), in order to look for significant  Deleted: quantilc o

differences between the average of the inputs used for each group. For this sample of 25 T
warehouses, we found the following,, ' Deleted: ,

There is a positive correlation between investment and efficiency score. The

warehouses with higher scores have on average a higher investment. The relation
between investment and efficiency is shown in Figure 29.
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Figure 29. Efficiency vs. Invesiment
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There is also a positive correlation between space and performance score:
warehouses with higher score have on average more space. This conclusion is statistically
significant, The correlation between increased mput levels and efficiency estimates
implies warehouses have not exhausted the benefit possible from increasing returns to
scale.

[t is interesting to note that variables such as percentage of broken case lines and
inventory turnover do not have a significant correlation with the efficiency estimates.
However, seasonality does have a significant negative correlation with efficiency score.
Warehouses with higher efficiency have on average a lower seasonality. This could be
observed in Figure 30, where the warehouses with higher efficiency score are skewed to
the left of the graph.
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Figure 30. Quantile distribution for seasonality

Data analysis also gave evidence of some level of correlation between practices
and attributes of the BISG warehouses and their efficiency estimates. For example,
autosortation has a positive correlation with the efficiency score (i.e. the warehouses with
autosortation systems have a higher efficiency score on average). This is compatible with
the conclusion of the positive correlation between investment and efficiency. Similarly,
crossdocking has a positive correlation with efficiency, while pack and hold, which is a
common customer-oriented practice, has a negative correlation,

There is a negative correlation between the number of locations per title and
efficiency. In general, warehouses with more locations per title tend to be less efficient
than warehouses with fewer locations. Highest perfurmuns warehouses have 1 to 3
locations per title. Lowest jviiorming warehouses have more than four locations per title.
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This suggests that having more than one location per title is not correlated with lower
performance, but having too many locations is. This can be seen in Figure 31, where the e
| grartile distribution of the average number of locations per title is shown. ' Deleted: quantile

Furthermore, there is a positive correlation between the average number of titles -
per location and efficiency scores, when the warehouses in the first gus:iile and the 'Deletgd: quantile
warehouses in the fourth gyartde are compared. The most efficient warehouses have on  Deleted: quantile
average more titles per location. This makes sense, since more titles per location D
increases SKU density, increasing pick density and reducing travel distance,
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Finally, inventory accuracy has a strong positive correlation with efficiency. This

means that more efficient warehouses have on average higher inventory accuracy. A high e
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Conclusions

Through the analysis of the inputs, outputs, practices and attributes of the BISG
warehouses we were able to develop a big picture view of book tndustry warehouse:. We
also identified some of the variables that are correlated with high levels of efficiency,
according to the data analyzed. There were some interesting observations.

* There is a great variability in the size of t, these warehouses. For example, the range of
investment is more than 10 million USD. The other examples are operations of ~20
thousand labor hours up to ~600 thousand, and warehouses of less than 50 thousand
ft* to almost 750 thousand ft°,

* The operations of these warchouses are very customer-oriented. At least half of the
warehouses includes in their operations activities like: Advance notice, labeling,
return process, adjustments, compliant shipiing, and pack and hold.

» All the warehouses use information technology (WMS) to support their operations.
However, one of the most mentioned constraints for their operations is the
inadequacies related with IT.

= About 60% of the warehouses are operating below average efficiency. This represents
a significant opportunify for improvement.

* For these warehouses size is positively correlated with efficiency. There is evidence
that increases in efficiency due to increasing returns to scale are still possible in book
industry warehouses.

® The most efficient warehouses have a lower level of seasonality.

*  The number of titles per location 1s positively correlated with efficiency, while the
nutnber of locations per title is negatively correlated. This suggests that although a
common strategy to increase picking efficiency is to have the same SKU in more than
one location to allow shorter picking routes, creating separate zones and storing the
same title in multiple zones may not be an effective picking strategy.
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Glossary of terms

Accumulation

(unit: lines) Measures the required accumulation/sortation effort. It 1is
calculated as the difference between the total lines picked in last 12 months
and the total orders shipped in last 12 months.

Note that when all orders are "single-line orders” the accumulation index is
ZETO.

Advance Notice
Practice of informing the customer about the viability to fulfill an order in
quantity and fime.

Broken Case Lines
(unit: lines) The number of broken case lines shipped in the last 12 months.

Compliant Shipping
Compliant shipping 1s providing customers with specific labeling or otherwise
handling the item to satisfy the requests of a specific customer.

Full Case Lines
(unit: lines) The number of full case lines shipped in the last 12 months.

Inventory (On Hand Inventory, On Hand Dollar)

(unit: items or units) On Hand [nventory measures the number of units stored
i the warehouse sumimed over all SKUs.

(unit: $) On Hand Dollar measures the total inventory in terms of the value of
the 1teras stored.

Inventory Turnover
A ratio that shows how many times the inventory of a firm is sold and
replaced over a specific period.

Investment

(unit: $) Represents the value of the equipment invested. Rather than
attempting to capture actual cost, or book value, for this study an equipment
imventory was captured, and then a standard cost was applied to determine an
equipment investment that is normalized across all warehouses.

Items
Is the number of physical units requested depending on variant modes, e.g.
pallet, case, or each (piece).



Labor (Labor Hour)

(unit: hry Labor is measured as annual labor hours including both direct and
indirect labor to perform necessary operations of receiving, moving, storing,
retrieving, order picking and shipping. Some indirect labor, such as
management, planning and equipment maintenance are included. However,
indirect supporting personnel, such as security, cleaning staff, office
assistants, accounting, human resources, customer service, and the labor
assigned to the value-adding activities, should not be counted. To determine
hours from head counts we assumed that each full time equivalent person
worked 2,000 hours per year.

Labor Turnover

Turnover is defined as: (Head count attrition + new hires)/ (beginning head
count). Head count attrition is the number of employees left during a given
(last) year (retired, quit, fired. etc.}. New hires is the number of employees
hired during a given (last) year. Beginning head count is the number
employees working in the warehouse at the beginning of a given (last) year.

Line
Line is also called "product” or "SKU". Number of lines is the number of
different product types in an order.

Maintenance Expense

Percentage of maintenance expense comparing to total operating budget
measures the maintenance intensity. Maintenance expense should NOT
include support services or value adding services.

Orders

Customer orders specify the details of customer demand which a warehouse
needs to fulfill. A customer order generally includes product types (SKU}) and
the quantity for each product type.

Pallet Lines
(unit: linesy Number of pallet lines shipped (shipped in pallets) in the last 12
meonths.

Seasonality Index
The seasonality index 1s defined as (volume in the peak month / average
volume per month), where volume is based on items (pieces, or units).

Planning Horizon
The planning honzon refers to how far into the future to use information

{demand, order composition forecast) in making the current decisions.

Response Time



Response time is defined as the ime between an order arrival and the order
completing within the warehouse.

Rush Order
The order requiring to be handle in rush.

Rush Line
The line requiring to be handle in rush.

SKU Span
{units: number of SKUs) The number of active SKUs

SKU Pareto
Percentage of the total SKUs that represents the 80% of the activity of the
warehouse, measured in terms of total lines or total volume shipped.

SKU Turnover (SKU churn)

This metric captures that volatility. The question of "What fraction of skus
changes from year to year? " is used for this metric, and it is defined as (skus
dropped last year+skus added last year)/ (beginning total skus last year).

Slots (occupied)

A slot is a designated location where you store stuff. It could be a pallet
location on the floer, or a pallet storage "lane”. It could be a rack location, or a
shelf location. The key is that it's identified, so, for example, you could
dispatch an order picker to the location to retrieve items.

Average storage space utilization based on avg number of slots occupied (%)
asks, what percentage of your slots actually have something in them?

Space

(unit: sq. feet) Space is the area (measured in square feet} dedicated to the
warehouse operations of receiving, put away, storing, retrieving, order
picking, packing and shipping. Area for supporting activities, such as office,
rest room, cafeteria or break room, is not included. For multistory buildings,
total square footage should be reported, rather than building footprint.
However, multistory buildings will be an attribute captured to reflect the
construction cost and operation environment.

Supervision and Management Expense

Percentage of supervision and management expense comparing to total
operating budget measures the maintenance intensity. Maintenance expense
should NOT include support services or value adding services.

Task Interleaving
Task interleaving is the alternation of various tasks, as opposed to doing all
the picking at once, followed by the packing, ete.






