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This article formulates a model for finding the optimal
delivery time performance guarantee. The expected profit
model is solved to find a closed-form expression for the opti-
mal delivery time promise. The simple, yet powerful model
gives new insights into performance service guarantees in
general and delivery time guarantees in particular.

Many manufacturing and distribution firms guarantee
to meet a standard delivery time promise and pay signifi-
cant compensation to customers when deliveries are late.
If the firm promises its customers a delivery time that is too
short, it will frequently not make the promise, have to pay
significant compensation, and possibly lose market share
over time. If the delivery time guarantee is too long, cus-
tomers will find the delivery time unattractive and will buy
elsewhere. Hart (1993) and others (Hill 1995) call this a
“performance service guarantee.”

Although a delivery time performance-guarantee sce-
nario will be used as the context for this article, other per-
formance service guarantee contexts could have been used
as well. Other similar performance service guarantees in-
clude no-stockout guarantees (Hart 1993), waiting time
guarantees (Friedman and Friedman 1997; Kumar, Kal-
wani, and Dada 1997), and up-time maintenance guaran-
tees (Hill 1992). It should be noted, however, that an

unconditional satisfaction guarantee (Hart 1988) is more
complex and is not addressed in this article.

According to data collected by the Center for Advanced
Purchasing Studies, delivery promises are far from perfect
in many industries in the United States. On-time delivery
benchmarks for several industries are summarized in
Table 1.

In their book on time-based competition, Stalk and
Hout (1990) state that

Generally, if a time-based competitor can establish a
response (that is) three or four times faster than its
competitors, it will grow at least three times faster
than the market and be at least twice as profitable as
the typical industry competitor. (p. 98)

They also argue that firms with shorter customer lead
times can segment the market to capture higher margin
customers, leaving price-sensitive customers to the com-
petition (Stalk 1988; Stalk and Hout 1990). For example,
Socket Express, Inc., a custom socket manufacturer, cap-
tured 2% of a $400 million market in just 4 years based on
the delivery time performance guarantee that “Every order
is shipped on time with zero defects or the order is free”
(Benson 1990).

Li and Lee (1994) and Lederer and Li (1997) developed
queuing models that support Stalk and Hout’s (1990) basic
contention. Other authors also argue that firms should fo-
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cus on delivery time to stimulate demand (Blackburn
1991; Bockerstette and Shell 1993; Meyer 1993). Treacy
and Wiersema (1995) describe the “operationally excel-
lent” firm as one with short customer lead times. Much of
the literature on “mass customization” deals with ap-
proaches to avoiding tradeoffs between customization and
delivery time (Goldman, Nagel, and Preiss 1995; Kotha
1995; Pine 1993; Victor and Boynton 1998). Grout (1996)
takes the buyers’perspective and considers penalties when
the seller does not satisfy a “guaranteed” delivery time set
by the buyer. He argues that 100% on-time delivery is nei-
ther achievable nor optimal.

Much research attention has been devoted to setting due
dates for job shops (Baker and Bertrand 1981; Cheng and
Gupta 1989; Markland, Fry, and Philipoom 1989; Phili-
poom, Rees, and Wiegmann 1994). These researchers as-
sume that orders can have different promise times based on
customer requirements and shop load and that demand is
independent of the delivery promise time. Other research-
ers have developed methods for determining a “common
delivery time” for a given set of orders (Conway 1965; De,
Ghosh, and Wells 1991, 1992).

This article will focus on the situation in which the firm
offers a standard delivery time guarantee to an entire mar-
ket segment and in which the demand is influenced by the
delivery time guarantee. Actual delivery time,T, is treated
as a random variable. The firm’s delivery time guarantee,t,
is the decision variable. The goal is to find the optimal de-
livery time guarantee,t*, to maximize expected profit per
period, which is the expected gross margin per period less
the expected compensation per period paid to customers
for late deliveries.

The article is organized as follows. Section 2 develops
the basic model followed by a discussion of several imple-
mentation and extension issues in Section 3. Section 4
presents a hypothetical example. Section 5 discusses the
limitations of the model. The last section concludes the ar-
ticle by summarizing the contributions of the research.

THE MODEL FOR OPTIMAL
DELIVERY TIME GUARANTEES

The Objective

The objective is to find the optimal delivery time guar-
antee,t*, that maximizes the total expected profit per pe-
riod for the firm:

Π(t) = µD(t) – L(t), (1)

whereΠ(t) is the total expected profit per period,µ is the
average gross margin per order,D(t) is the expected de-
mand per period (in orders) for a delivery time guarantee
of t periods, andL(t) is the expected tardiness cost per pe-
riod for a delivery time guarantee of t periods.

The Expected Demand Model

DefineD(t) as the expected demand in orders per pe-
riod andD(t)/M as the corresponding expected market
share, whereM is the size of the total “time-sensitive de-
mand” market in orders per period.D(t) decreases mono-
tonically with t but at a decreasing rate. If the firm
promises a zero order delivery time, it captures 100% of
the time-sensitive market; if the firm promises a very long
delivery time (t≈∞), the firm captures almost none of the
market. The expected demand in orders per period, there-
fore, can be modeled as a function oft:

D(t) = e
t−β M, whereβ > 0, M > 0, t > 0. (2)

If the market is not time sensitive (i.e.,β = 0), the opti-
mization problem is analogous to the well-known “news-
vendor” problem (Khouja 1995, 1996) that finds the
optimal balance between the cost of earliness and the cost
of tardiness.

From the above expression, the delivery time elasticity
of demand,β, can easily be estimated from the firm’s cur-
rent delivery time guarantee,t0 > 0, and current market
share,S0 = D(t0)/M > 0, as

β = –ln(S0)/t0. (3)

Figure 1 shows the demand function for a range ofβ pa-
rameters with a market size ofM = 1,000 orders per period.
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TABLE 1
On-Time Delivery Benchmarks

Industry Industry Average

Aerospace/
defense Of all purchased lots, 84.1% were received on or

before their contracted due date. Of all requisitions,
71.7% were received by the requirements planning
organization in time to meet the need date of the
user; 67.1% were received by the buyers in time to
meet the need date of the user (Langdon et al. 1997).

Semiconductors Percentage of deliveries received on-time was 80.9%
for direct materials, 91.3% for indirect materials,
89.3% for capital equipment, and 81.7% for facili-
ties/construction (Langdon and Richelsoph 1997).

Electronics Of all deliveries, 91% were received on time
(Langdon, Schwerman, and Seiter 1996).

Personal care Of parts purchased, 88.7% were received on or
products before their contracted/scheduled due date (Langdon

and Lawson 1997).
Pharmaceuticals Of all deliveries, 90.2% were received on time

(Langdon, Richelsoph, and Schultz 1998).



The firm captures the entire time-sensitive market with a
zero delivery time.

Hill and Khosla (1992) proposed an alternative ap-
proach when they developed a model for the relationship
between customer lead time and demand in the context of
evaluating the benefits of lead time reduction for a manu-
facturing firm. They modeled the demand function asD(t)
= at-b, whereb > 0 was called the “lead time elasticity of
demand.” Although both approaches have some appeal,
the approach used in this article is more intuitive for this
context because demand is bounded atM. In this article,β
is the “delivery time promise elasticity of demand,” or,
more generally, the “performance elasticity of demand”
for a performance service guarantee.

Rust and Metters (1996) present a number of mathe-
matical models that relate the consumer behavior litera-
ture to service management variables such as delivery
time. Wirtz (1998) also connects service guarantee design
decisions to the consumer behavior literature and supports
Berry and Yadav’s (1996) hypothesis that a well-designed
service guarantee can increase demand by decreasing per-
ceived customer risk. Tucci and Talaga (1997) provide em-
pirical support for this viewpoint in a simulated study of
service guarantees in the restaurant industry. These arti-
cles support the basic models presented in this article.

The Tardiness Cost Model

The actual delivery time,T, is a random variable with a
distribution function,F(T). Table 1 suggests that most
firms set their delivery time promises in the tail of the de-
livery time distribution. Several authors (Bratley, Fox, and
Schrage 1987; Law and Kelton 1991) recommend the ex-
ponential distribution for estimating probabilities in the

tail of a distribution. With the exponential distribution, the
probability that the delivery time for a customer,T, is
greater than the delivery time guarantee,t, is

P(T ≥ t) = 1 –F(t) = 1 – (1 –e

t−
τ = e

t−
τ (4)

whereτ is the mean of the delivery time distribution. Other
distributional forms for the tail of the delivery time distri-
bution are considered in the extensions and limitations
section.

The firm compensates the customerc0 dollars per late
delivery, incurs an additionalgdollars of lost goodwill per
late delivery, and, therefore, incurs a tardiness cost ofc =
c0+g per late delivery. It is likely thatc is larger for more
time-sensitive markets (i.e., markets with a largerβ value).
For a given delivery time guarantee,t, the tardiness cost
per period is

L(t) = cP(T ≥ t) D(t) = c ( )
e

t− +β τ1/ M. (5)

The basic model assumes thatc0, the compensation paid to
customers, is sufficient to fully recover (retain) customers
who experience late deliveries and that the time-sensitive
market size,M, is not affected by late deliveries. Hays and
Hill (1999) developed a different mathematical model that
explicitly considers situations in which market share is af-
fected by service failures and by service recovery policies.

The Total Expected Profit Model

The total expected profit function for a delivery time
guarantee,t, is, therefore,

Π(t) = µ D(t) – L(t) = M [µe
t−β – c ( )

e
t− +1/τ β ]. (6)
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FIGURE 1
Graph of Demand Versus Delivery Time With M = 1,000 Orders/Period



Taking the derivative of the expected profit function with
respect to the decision variable,t, and setting it to zero
yields

δΠ(t)/δt = M[–βµe
t−β + c (1/τ + β) ( )

e
t− +1/τ β ] = 0

⇒ t* = ln(αc/µ)τ. (7)

If τ is constant, thenα = (1 +βτ)/(βτ) = [ln(S0) – t0/τ]/ln(S0)
is also constant. This model fort* is called the “basic
model” for the remainder of the article.

The second derivative of the expected profit function
with respect tot is

δ2Π(t)/δt2 = M[β2µe
t−β – c (1/τ + β)2 ( )

e
t− +1/τ β ]. (8)

Evaluating the second derivative att* = ln(α c/µ)τ yields

δ2Π(t*)/δt2 = M[β2µ ( )ε −β α µ τln c /

-c (1/τ + β)2 ( ) ( )
e

c− +ln α µ τ τ β/ /1 ]

⇒ δ2Π(t*)/δt2 = –M[(1/(βτ) + 1) c/µ] −β τ βµ/τ. (9)

Given thatM > 0,β > 0,τ > 0,c > 0, andµ > 0, the second
derivative evaluated att* is less than 0, which confirms that
t* is the global maximum for the expected profit function.

The factorln(αc/µ) “inflates” or “deflates” the mean
delivery time,τ, to compute the optimal delivery time
guarantee. The optimal delivery time,t*, increases slowly
as the ratioc/µ increases. The optimal delivery time guar-
antee should be more conservative (longer) when the tardi-
ness cost increases. Firms should offer a more aggressive
(shorter) delivery time guarantee when the profit margin
increases. The constantα reflects the sensitivity of the
firm’s optimal delivery time guarantee to changes in the
c/µ ratio.

IMPLEMENTATION ISSUES
AND EXTENSIONS

Estimating the Delivery Time Elasticity
of Demand and Market Size Parameters

As mentioned above, the delivery time elasticity of de-
mand can be estimated from the firm’s current delivery
time guarantee,t0, and current market share,S0 = D(t0)/M,
resulting in the expressionβ = –ln(S0)/t0. The current de-
mand,D(t0), and market size,M, are only for the time-
sensitive portion of the overall market. If the firm has no
experience with changing its delivery time guarantee,M
must be estimated from market data. However, if the deliv-
ery time guarantee has been changed (or a change could be

predicted from market research), thenβ andM can be esti-
mated by fitting the demand function to the two points,
(t0, D0) and (t1, D1), using the following two equations:

β = ln(D1/D0)/(t1 – t0) (10)

M = D0 exp(βt0). (11)

Direction of Change

The simplest implementation of the model is to deter-
mine only the direction of change in the delivery time
guarantee, given that the firm currently has a delivery time
guarantee oft0. The delivery time guarantee should be in-
creased when

t* > t0 ⇒ c/µ > exp(t0/τ)/α. (12)

Therefore, whenever the ratioc/µ is greater than the “criti-
cal value”exp(t0/τ)/α, the firm should increase its delivery
time guarantee. Conversely, if ratioc/µ is less than the
critical value, the firm should decrease its delivery time
guarantee.

Inferred Tardiness Cost

An interesting alternative approach for understanding
the model is to assume thatt0, the firm’s current delivery
time guarantee, is the optimal delivery time guarantee. The
basic model can be rewritten to infer the tardiness cost pa-
rameter from the current delivery time guarantee:

t0 = ln(αc/µ) τ ⇒ c* = exp(t0/τ)µ/α. (13)

The firm should have consistency between the inferred
tardiness cost parameter and its choice of delivery time
and compensation parameters. If the actual compensation,
c0, is less thanc*, the firm should consider either raising its
compensation or lowering its delivery time guarantee.
Conversely, ifc0 is greater thanc*, the firm should con-
sider lowering its compensation or increasing its delivery
time guarantee.

Benefits of Improving the
Mean Delivery Time

The basic model fort* can be extended to measure the
benefits of improving the mean delivery time,τ. Given the
nonlinear form of the optimal delivery time guarantee
function, small changes inτ yield large changes in ex-
pected profit. Defineτ

0
> 0 as the mean delivery time

when no money is spent to shorten (expedite) the mean de-
livery time. Defineq≥ 0 as the expediting expense per cus-
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tomer order. Asq increases, the mean delivery time
decreases but at a diminishing rate:

τ(q) = τ0e
q−κ , (14)

whereκ ≥ 0 is the parameter of the model. The problem is
to find the optimal valuest* andq* that maximize the re-
vised expected profit function:

Π(t, q) = (µ – q)D(t, q) – L(t, q) =
(µ – q)exp(–βt)M – c exp{– t[τ

0

1− exp(κq)] + β} M.

(15)

The total expected profit function does not yield a closed-
form solution for the optimal expediting expense,q*; how-
ever, the optimalq* and t* can be found by applying stan-
dard nonlinear optimization techniques.

Benefits of Improving Both the Mean
and the Standard Deviation of
the Delivery Time

The basic model assumes that the tail of the delivery
time distribution is exponential, which is characterized by
only one parameter, the mean of the distribution. Although
the exponential is a reasonable approximation for the tail
of many density functions, using a two-parameter distribu-
tion can provide greater accuracy and additional opportu-
nities for analysis. Management might be able to employ
methods such as “on-call” workers, subcontractors, or ex-
press mail to reduce both the mean and standard deviation
of delivery time. This section develops an extension of the
basic model to evaluate these types of investments.

Delivery times typically follow the gamma distribution
(Law and Kelton 1991). This is because delivery time is
the sum of several independent task times such as order en-
try time, order picking time, order packing time, travel
time, and so forth, and the gamma distribution is the sum of
independent exponential distributions (Hillier and Lieber-
man 1974). The gamma has the desirable characteristics
that it is bounded at zero and can take on a wide variety of
shapes.

Figure 2 shows the density functions for the gamma(k,
τ/k) distribution for k = {1, 2, 5, 10}. Note that the
gamma(1,τ/k) is the exponential(τ) and that the gamma(k,
τ/k) with k∈{integers} is thek-Erlang(τ/k). Figure 3 shows
the probability of late delivery for these distributions. Ask
increases, the gamma(k, τ/k) approaches the normal(τ, σ)
with σ = τ/k 1

2. The difference between the gamma(k, τ/k)
and normal(τ, τ/k 1

2) atk = 10 is quite small. The financial
analysis, therefore, should consider the benefits of reduc-
ing both the mean and the standard deviation of the deliv-
ery time guarantee (increasingk). Fork > 1, delivery time
is not exponential, and numeric methods can be used to

find the optimal delivery time guarantee,t*, and the opti-
mal distribution parameters,τ* andk*, to optimize the ex-
pected profitΠ(t, τ, k).

Price Elasticity of Demand

When implementing a service guarantee, managers
would like to know how much they could raise their price.
The model can be extended to also consider price elasticity
of demand:

D(t, p) = e
tp−β M, whereβ > 0, t > 0,

p > 0, M > 0.
(16)

The expected profit function then becomes

Π(t, p) = (p – u)D(t, p) – L(t), (17)

wherepanduare the average order price and cost, respec-
tively. This has no closed-form solution fort* and p*.
However, nonlinear optimization methods can find the op-
timal price for a delivery time guarantee or both the opti-
mal delivery time guarantee and the optimal price.

Multiple Competitors Model

Market demand can be allocated to competitors in the
market based on both the delivery time guarantee and the
price. The attractiveness of competitori can be defined as
Ai(ti, pi) = exp(–β ti, pi). The expected demand for competi-
tor i is thenDi(ti, pi) = [Ai(ti, pi)/S]M, whereSis the sum of
the Aj for all competitors in the market. This model as-
sumes thatβ, the elasticity parameter, is a constant for all
competitors in the market. If current prices, delivery time
guarantees, and market shares are known, a nonlinear opti-
mization can be used to find the least squares fit estimate
for β. A firm could use this type of model to estimate the
impact of changes in delivery time guarantees and prices
on expected demand, market share, and profit.

Marketing Pressure Model

Fornell (1987) discusses several “marketing effort”
variables such as advertising, sales effort, and promotion
that affect demand. Definea as the expense per period for
advertising or some other comparable marketing effort.
The demand model with marketing effort is then

D(t, a) = e
t a−β / M, whereβ > 0, t > 0, a > 0, M > 0.(18)

The expected profit per period function then becomes

Π(t, a) = µD(t, a) – L(t) – a. (19)
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Again, this function has no closed-form solution fort* and
a* but can be solved numerically.

HYPOTHETICAL EXAMPLE

A custom door manufacturing firm has a delivery time
distribution that is exponential with a mean ofτ = 3 days.
The firm has an average sales price ofp= $1,000 and an av-
erage gross margin ofµ = $100 per order. Doors are
shipped one at a time and customers are compensatedc0 =
$275 per late delivery. Management believes that this com-
pensation is sufficient to completely recover customers
who experience late deliveries and that no goodwill is lost
(i.e.,g= 0 andc= c0). The firm currently sellsD0 = 135 or-
ders per day on average and offers a delivery time guaran-

tee oft0 = 10 days. The firm currently has approximately
4% of the overall custom door market. Management does
not know the firm’s market share of the time-sensitive
market. From a market research survey, management finds
that reducing the delivery time guarantee tot1 = 9 days in-
creases demand toD1 = 165 orders per day. From this
data, management finds thatβ = ln(D1/D0)/(t1 – t0) ≈ 0.2 and
M = D0 exp(βt0) ≈ 1,000 orders per day. The currenttime-
sensitive market share, therefore, is approximatelyS0 =
D0/M ≈ 13.5%. Theα constant is [ln(S0) – t0/τ]/ln(S0) ≈
2.66.

As a first estimate, the firm tests to see if it should in-
crease or decrease its delivery time guarantee. The ratio
c/µ = 275/100 = 2.75 is less than the critical value
exp(t0/τ)/α ≈ 10.5, which indicates that it should decrease
its delivery time guarantee. From the basic model, the opti-
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FIGURE 3
Probability of Late Delivery for the Gamma ( k, τ/k) Distribution With Mean τ = 3 Days

FIGURE 2
Density Function for the Gamma ( k, τ/k) Distribution With a Mean τ = 3 Days



mal delivery time guarantee ist* = ln(αc/m)τ ≈ 6 days with
a daily expected profitΠ(6) = $18,910.

Figure 4 shows a graph of the expected profit function
for this firm. If the firm promised a delivery time of less
than 3 days, it would lose money. It is clearly better for this
firm to give a longer promise time by a few days than to
promise a day too early. When the firm promises a delivery
time of 10 days, it would earn about one third less than the
optimal expected profit.

Table 2 shows the implications of changing the delivery
time guarantee from 10 days to the optimal value of 6 days.
The shorter delivery time guarantee increases the firm’s
expected profit per period by more than 50%. The percent-
age of late deliveries increases from 4% to 14%, which in-
creases tardiness cost per day from $966 to $11,210. This
increase in tardiness should drive management to critically
reevaluate the tardiness cost parameter. Customer com-
pensation,c0, needs to be large enough to recover nearly all
customers who are inconvenienced by late deliveries; the
goodwill parameter,g, should reflect the cost of negative

word of mouth. The firm could increase the tardiness cost
parameter to as much as $439 per late delivery and still in-
crease its expected profit with the 6-day delivery time
guarantee.

After considering analysis in Table 2, management in-
creases the goodwill parameter (g) from $0 to $125 per late
delivery. This changes the tardiness cost parameter toc =
c0 + g = $275 + $125 = $400 per late delivery. The optimal
delivery time guarantee is thent* = 7 days, which yields a
daily expected profit of $15,094, a 27% increase over the
current situation. The probability of a late delivery for the
7-day delivery time guarantee is 7%.

Figure 5 shows that the optimal delivery time guaran-
tee, t*, increases slowly as the ratioc/µ increases. This
suggests thatt = 6 is nearly optimal for a fairly wide range
of c/µ values. Assuming integer delivery promises,t = 6 is
optimal for c/µ in the range (2.36, 3.27). With the gross
margin,µ, fixed at $100, the optimal delivery time guaran-
tee is 6 days for tardiness cost,c, in the range ($236, $327).

The tardiness cost parameter inferred by the current
10-day delivery time guarantee isc* = exp(t0/τ)µ/α ≈
$1,051, which is far more than thec0 = $275 that the firm
currently compensates customers for late deliveries. This
suggests that the firm should either make much shorter de-
livery time guarantees to stimulate demand or consider in-
creasing the compensation amount to be consistent with its
long delivery time guarantee.

Improving the mean delivery time fromτ = 3 toτ = 2 re-
ducest* from 6 days to 4.5 days, increases the expected
daily demand from 366 orders per day to 407 orders per
day, and increases the optimal expected profit from
$22,892 to $28,873 (a 26% improvement). The firm
should be willing to spend up to $14.70 per order ($5,981
per day) to achieve this one third reduction in mean deliv-
ery time.

260 JOURNAL OF SERVICE RESEARCH / February 2000

FIGURE 4
Expected Profit Versus Delivery Time Graph for the Example

TABLE 2
Example Problem Comparison of Current and

Optimal Delivery Time Guarantees

Current Optimal
Delivery Delivery

Time Time
Performance Metric Guarantee Guarantee Change

Delivery time guarantee 10 days 6 days Down 4 days
Demand per day 135 orders 301 orders Up 166 orders
Probability of a late delivery 4% 14% Up 10%
Gross margin per day $13,534 $30,119 Up $16,586
Tardiness cost per day $966 $11,210 Up $9,882
Total profit per day $12,568 $18,910 Up $6,704
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FIGURE 5
Optimal Delivery Time Guarantee, t*, Versus the c/µ Ratio

TABLE 3
Expected Profit per Day Versus the Standard Deviation of Delivery Time

Probability of Late Delivery
k Parameter for the Standard Deviation of the Optimal Delivery Time Optimal Expected Profit With Delivery Time Guarantee
Gamma Distribution Delivery Time in Days,t/k

1

2 Guarantee in Days, t* per Day ($),P(t, k) t = 6 days (%)

1 3.00 6.0 18,910 14
2 2.12 5.8 22,571 9
3 1.73 5.6 25,238 6
4 1.50 5.5 27,253 4
5 1.34 5.3 28,849 3
6 1.22 5.2 30,156 2
7 1.13 5.1 31,257 1
8 1.06 5.0 32,201 1
9 1.00 4.9 33,025 0.7
10 0.95 4.9 33,752 0.5

FIGURE 6
Optimal Expected Profit per Day Versus the Standard Deviation of Delivery Time



Management wants to analyze the benefits of reducing
the standard deviation of delivery time. Table 3 shows the
optimal t* and the corresponding expected profit as the
standard deviation of the delivery time decreases (ask in-
creases). Fork> 1, delivery time is not exponential, and the
optimalt* values have to be found numerically.

Figure 6 displays the Table 3 information in a graph.
This graph suggests that expected profit for the optimal de-
livery time guarantee increases roughly linearly with a de-
crease in the standard deviation of delivery time.
Management also can use the expected profit model to ana-
lyze alternatives for simultaneously decreasing the mean
and the standard deviation of the delivery time distribution.

Table 4 assumes a delivery time guarantee of 6 days and
shows how the probability of late delivery decreases as the
standard deviation of delivery time decreases. The firm
could keep late deliveries at 4% (the current value) if it
could increasek from 1 to 4 (decrease the delivery time
standard deviation from 3 to 1.5). This would require
that the firm better manage the “tail” of the delivery time
distribution.

LIMITATIONS

The model assumes that the tardiness cost parameter,
c = c0 + g, includes all tardiness-related costs, such as lost
gross margin and the cost of negative word of mouth. It is
important to note that a well-managed service recovery
process can mitigate these costs (Smith, Bolton, and Wag-
ner 1998).

Following De, Ghosh, and Wells (1991, 1992), the ba-
sic model assumes that the tardiness cost for an order is
zero if the delivery is on time and a constant (c = c0 + g) if

the delivery is late. The model could be extended to define
tardiness cost as a linear function of tardiness,c(t) = c0

max(T – t, 0) and could be further extended to include an
earliness cost. Unfortunately, such extensions make the
model far less tractable.

The model assumes that the delivery time/demand rela-
tionship has no discontinuities. It is possible that once a
firm has achieved a superior delivery time in its market,
further reductions in delivery time may not result in sig-
nificantly increased demand. The model also assumes no
competitive response to a change in a firm’s delivery time
guarantee. A game theoretic model could be developed to
explore such issues. Without considering a competitive re-
sponse, the basic model might be used to estimate an upper
bound on the increase in profit.

As shown in Figures 2 and 3 above, delivery times are
likely to follow the gamma distribution rather than the ex-
ponential distribution (Law and Kelton 1991). Table 5
shows the difference,Pg – Pe, wherePg = Pgamma(T > t) and
Pe = Pexpo(T> t) are the probabilities of late delivery for the
gamma(k, τ/k) and exponential(τ) distributions, respec-
tively. The differences are independent of the mean deliv-
ery time. The important observation here is that when the
delivery time promise is in the tail (Pg < .3) and the delivery
time distribution is not exponential (e.g.,k > 1), the expo-
nential tends to overestimate the probability of tardiness
and, therefore, tends to err on the “conservative” side.
When the exponential has an unacceptably large error, nu-
meric methods can be applied to find the optimal delivery
time guarantee,t*, for the gamma or any other delivery
time distribution.

In some cases, the delivery time distribution follows a
shifted exponential distribution in which theP(T< tmin) = 0
for the minimum possible delivery timetmin. For these
situations, variable transformations can be performed to
implement the basic model.

Although the model is built on a solid conceptual foun-
dation, it has not yet been supported by empirical research.
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TABLE 4
Standard Deviation of Delivery Time Versus

Probability of Late Delivery for t = 6 Days

k Parameter Standard Deviation
Probability of Late
for the Gamma of the Delivery Time
Delivery With Delivery Time
Distribution in Days,t/k

1

2

Guarantee t = 6 days (%)

1 3.00 14
2 2.12 9
3 1.73 6
4 1.50 4
5 1.34 3
6 1.22 2
7 1.13 1
8 1.06 1
9 1.00 .7
10 0.95 .5

TABLE 5
Difference Pg – Pe When Using the Exponential

(τ) to Approximate the Gamma ( k, τ/k)
(in percentages)

k

1 2 3 4 5 6 7 8 9 10

.30 0 0 0 0 –1 –1 –1 –2 –2 –2

.25 0 –1 –2 –3 –4 –4 –4 –5 –5 –5

.20 0 –2 –4 –5 –6 –7 –7 –8 –8 –9
Pg .15 0 –4 –6 –7 –8 –9 –10 –11 –11 –12

.10 0 –4 –7 –9 –10 –11 –12 –13 –14 –14

.05 0 –4 –7 –9 –11 –12 –13 –14 –15 –16

.01 0 –3 –5 –7 –9 –10 –11 –13 –13 –14



We are pursuing empirical tests of the model to validate
both the submodels and the overall model.

CONCLUSIONS

Service guarantees are an important tool for many firms
to stimulate demand, increase prices, and improve profits.
This article presents a simple but powerful model for find-
ing the optimal performance service guarantee promise in
a delivery time context. The model makes explicit trade-
offs between the benefits of short delivery time guarantees
and the cost of late deliveries. With only definitional
changes, the model can be applied to other performance
service guarantee contexts in which the demand is influ-
enced by the guarantee and the performance variable fol-
lows the exponential distribution. For example, the basic
model can be applied to find the optimal parameter for a
waiting time performance guarantee (Kumar, Kalwani,
and Dada 1997; Friedman and Friedman 1997). (Waiting
time for a customer is exactly exponential for the M/M/1
queue and gamma distributed in some other queuing situa-
tions.) The basic model can also be applied to set the “up-
time” parameter for an “up-time” maintenance perfor-
mance guarantee (Hill 1992). (Time between failure is
often assumed to be exponential.) With some modifica-
tion, the model also can be applied to the “no stockout”
performance guarantee context (Hart 1993; Silver, Pyke,
and Peterson 1998).

The model is surprisingly simple and, as a result, pro-
vides useful intuition for designing performance service
guarantees. The model also provides insights into setting
the compensation amount, estimating the size of the time-
sensitive market, evaluating investments in improving pro-
cess capabilities (the mean and standard deviation of the
delivery time), and pricing.

The model offers several opportunities for empirical re-
search. For example, it would be interesting to explore the
relationship between customer retention and the differ-
ence between the inferred tardiness cost and actual com-
pensation,∆c = c* – c0. We hypothesize that firms with
lower ∆c are paying a more consistent compensation
amount and, therefore, will do a better job of retaining
their time-sensitive customers. It would also be interesting
to test if the difference between the firm’s actual and opti-
mal delivery time guarantees,∆t = t – t*, is a useful metric
for “time-based competition” (Stalk and Hout 1990). We
hypothesize that firms with a lower∆t are more aggres-
sively pursuing a time-based competition strategy.

The model gives researchers new insights into how per-
formance service guarantees work and how they might be
optimized. The simple, yet powerful, model may prove to
be a useful tool for analyzing performance service guaran-
tees for both service and manufacturing firms.
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