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This paper shows how the need for safety stock increases when the forecast error
increases —and conversely -- how the need for safety stock decreases when the
forecast error decreases. A way to measure the change in safety sock with forecast
error changesis presented. The paper also shows how much safety stock is needed
relative to the total inventory — here called the total stock. The results of this paper
brings forth the obvious need to use a sound datistical forecasting systemto run the
inventory operation. In essence, the smaller the forecast error, the less need for safety
stock, the lessinventory and the higher inventory profit margin..

Two of the key measures on the performance of the inventory system are the amount of stock on-hand and the service
level. Theservicelevd SL istypically measured asthe ratio of (demand filled) over (tota demand). The on-hand
inventory is the available inventory — usually measured in dollars. The on-hand inventory is conveniently grouped into
two partitions: cycle stock and safety stock. The cycle stock isthe portion of stock carried to meet the average flow of
demands as planned by the forecasts over the futuretime periods. The safety stock is the stock carried to meet the
uncertainty associated with the forecasts of the demands. The uncertainty in demands is a measure of the forecast error.
The typical measure of the forecast errorsis the standard deviation of the one month ahead forecast error and is denoted
hereaso.

Safety stock and service level

References 1, 2, 3 show how to compute the safety stock to yield the service level goal as desired by the management.
On an individual part, the data used to determine the safety stock is listed below:

SL = desired service level

F = average monthly forecast

L = lead time to procure the part from the supplier

Q =the size of the order quantity

0 = the standard deviation of the one-month ahead forecast error

For the analysis of this paper, references 2, 3 show how the order size and forecast error are converted in units of the
average monthly forecast as shown below:

M = Q/F = months-in-buy
cov = o/F = coefficient of variation

Thisway, the datais independent from the forecast size and is defined in relative terms. The data to determine the
safety stock isnow reduced to the following:

SL = desired service level

L =lead time in months

M = the order size in months supply
cov = the coefficient of variation

Reference 3 gives a series of tables that list the months of safety stock for awide variation of situations usng the data
above. Threetables of this paper list some of the results from the reference. Thetables are arranged as follows:

Table 1. L = 0.25 (one week) and M = .50 (one-half month)
Table 2. L = 1.00 (one month) and M = 1.00 (one month)
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Table 3. L = 2.00 (two months) and M = 1.00 (one month)

Each of the tables give safety stock results from five values of the service leved: (SL = 0.900, 0.925, 0.950, 0.975 and
0.990) and eight values of the coefficient of variation (cov = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8 and 1.0). Notethetablesare
split into two sections: upper and lower sections.

The upper section lists the months of safety stock needed to yield the service level goals in association with the lead
time, the month-in-buy and the coefficient of variation.

The lower section liststhe percent increase in safety stock that is needed to yield the service level goal (with L and M
fixed) and with a 10 percent increase in the coefficient of variation (cov). In essenceit isameasure of how much more
safety stock (in percent) is needed when the forecast error has an increase of 10%. It also isameasure on how much
less safety stock (in percent) is needed when the forecast error has a decrease of 10%.

For clarity, it ishelpful to describe how the above percentages are obtained. Asan example consider Table 2 where L
=1.00and M = 1.00. Supposethe serviceleved of interest isSL = 0.95 and the cov entries are 0.30 and 0.50. The
months of safety stock for this situation isss= 0.18 and 0.45 months supply, respectively. Below lists theresultsin
tabular form.

SL L M cov SS
.95 1.00 1.00 0.30 0.18
.95 1.00 1.00 0.40 0.31

When the cov changes from 0.30 to 0.40, the percent increasein cov is: (0.40-0.30)/0.30 = 0.33 (33%). Ina
corresponding way, the percent increase in the safety stock is: (0.31-0.18)/0.18 = 0.72 (72%). S00.72/0.33=2.18is
the percent increase in safety stock to accommodate a one percent increase in the cov. Using 10 percent as the base
increasein cov, the corresponding increase in safety stock becomes 21.8%. The associated table entry lists 21.67%
which differs due to rounding.

Although the discussion above describes how safety stock increases asthe cov increases, the anal ogy holds as cov
decreases. So when the cov decreases by 10%, Tables 1-3 list the percent decrease in safety stock that is expected.

Cycle stock, safety stock and total stock

Table 4 isardated table that lists the months of safety stock relative to the cycle stock and the total stock. Note the
average cycle stock is half the months-in-buy and thereby cs = M/2 is used here. Note aso thetotal stock isthe sum of
cycle stock and safety stock (ts=cs+ss). Table 4 listscs, ssand tswhen the service leve isSL = 0.95 and when L,
M and cov rangethe sameasin Tables 1-3.

Table 4 shows that the safety stock can represents a large portion of the total stock. For example, the safety stock is
near 50 percent of thetotal stock when the coefficient of variation (cov) is.50. The safety stock isover 50 percent of
the total stock when cov is greater than 0.50.

Summary

As stated at the beginning, this paper shows how much less safety stock is needed when the forecast error decreases by
10 percent. With this knowledge, it behooves the inventory management to indist on using a good forecast system — one
built with sound statigtical techniques. Note that in many inventory operations, safety stock represents a large portion of
thetotal inventory — 50 percent is common — and thereby areduction in the safety stock will significantly reduce the
total inventory — and thisleadsto lower inventory costs and higher profits.
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Tablel. L =.25and M = .50

Months of safety stock vs. lead time, months-in-buy,
coefficient of variation and servicelevel;

and the corresponding percent increase in safety stock
when cov increases 10%

----months---- SL

L M cov 0900 0925 0950 0.975 0.990
025050 0.10 000 000 000 0.02 0.04
025050 020 000 001 003 008 013
025050 0.30 002 005 009 015 022
025050 040 0.07 011 016 023 0.32
025050 050 0.2 017 022 031 042
025050 0.60 018 023 030 040 052
025050 0.80 031 037 046 059 0.74
025050 1.00 045 053 063 078 097

% increasein ssat 10% increase in cov

0.250.50 0.20 - - - 30.00 2250
0.250.50 0.30 - - 40.00 1750 13.85
0.250.50 0.40 75.00 36.00 23.33 16.00 13.64
0.250.50 0.50 2857 21.82 15.00 1391 1250
0.250.50 0.60 25.00 17.65 18.18 14.52 11.90
0.250.50 0.80 21.67 18.26 16.00 14.25 12.69
0.250.50 1.00 18.06 17.30 14.78 12.88 12.43

Table2. L=1andM =1
Months of safety stock vs. lead time, months-in-buy,
coefficient of variation and servicelevel;
and the corresponding percent increase in safety stock
when cov increases 10%

----months---- SL

L M cov 0900 0925 0.950 0.975 0.990
1.001.00 010 000 000 000 0.03 0.09
1.001.00 020 000 001 007 016 025
1.001.00 030 004 010 018 030 043
1.00 1.00 0.40 014 021 031 046 063
1.001.00 050 024 033 045 063 0.83
1.001.00 0.60 036 047 060 080 1.04
1.001.00 0.80 062 075 092 118 148
1.00 1.00 1.00 090 105 125 157 194

%increasein ssat 10% increase in cov

1.00 1.00 0.20 - - - 4333 17.78
1.00 1.00 0.30 - - 3143 1750 14.40
1.001.00 040 75.00 33.00 21.67 16.00 13.95
1.001.00 0.50 2857 22.86 18.06 14.78 12.70
1.001.00 0.60 25.00 21.21 16.67 13.49 12.65
1.001.00 0.80 21.67 17.87 16.00 14.25 12.69
1.001.00 1.00 18.06 16.00 14.35 13.22 1243
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Table3. L=2andM =1

Months of safety stock vs. lead time, months-in-buy,
coefficient of variation and servicelevel; andthe
corresponding percent increasein safety stock

when cov increases 10%

----months---- SL
L M cov 0.900 0.925 0.950 0.975 0.990

S

200100 010 000 0.00 0.00 0.08 0.15
200100 020 003 009 016 0.27 0.40
200100 030 016 024 034 050 0.68
200100 040 032 042 055 0.74 0.96
200100 050 050 061 0.77 100 1.27
200100 0.60 069 082 100 127 159
200100 080 109 126 148 183 224
200100 1.00 153 173 200 242 292

% increasein ssat 10% increase in cov

2.001.00 0.20 - - - 23.75 16.67
2.001.00 0.30 - - 2250 17.04 14.00
2.001.00 040 30.00 2250 1853 14.40 1235
2.001.00 050 2250 18.10 16.00 14.05 1292
2.001.00 0.60 19.00 17.21 1494 1350 12.60
2.001.00 0.80 17.39 16.10 14.40 13.23 12.26
200100 1.00 16.15 1492 14.05 1290 12.14

Table4.  Months of cycle stock (cs), safety stock (ss) and total stock (ts) versus
lead time months (L), months-in-buy (M), coefficient of variation (cov) and servicelevel (SL) = 0.95.

L=.25 M=.50 L=1.00 M =1.00 L=2.00 M =1.00
SL cov Ccs SS ts cs SS ts cs SS ts
0.95 0.10 025 0.00 0.25 050 0.00 0.50 1.00 001 1.01
0.95 0.20 025 0.03 0.28 050 0.07 057 100 016 116
0.95 0.30 025 0.09 034 050 0.18 0.68 100 034 134
0.95 0.40 025 016 041 050 031 o081 1.00 055 155
0.95 0.50 025 0.22 047 050 045 0.95 100 077 1.77
0.95 0.60 025 0.30 055 050 0.60 1.10 1.00 1.00 2.00
0.95 0.80 025 046 0.71 050 092 142 100 148 248
0.95 1.00 025 0.63 0.88 050 125 1.75 1.00 200 3.00

References

1. Brown, R.G., Smoothing, Forecagting and Prediction of Discrete Time Series, Englewood Cliffs, NJ. Prentice Hall,
Inc., 1962.

2. Thomopoulos, N.T., Applied Forecasting Methods, Englewood Cliffs, NJ. Prentice Hall, Inc., 1980.

3. Thomopoulos, N.T., Strategic Inventory Management and Planning, Carol Stream, Il. Hitchcock Publishing
Company, 1990.



